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Abstract: Cavitation happening inside an inclined V-shaped corner is a common and important
phenomenon in practical engineering. In the present study, the lattice Boltzmann models coupling
velocity and temperature fields are adopted to investigate this complex collapse process. Based
on a series of simulations, the fields of density, pressure, velocity and temperature are obtained
simultaneously. Overall, the simulation results agree with the experiments, and they prove that the
coupled lattice Boltzmann models are effective to study cavitation bubble collapse. It was found that
the maximum temperature of bubble collapse increases approximately linearly with the rise of the
distance between the single bubble center and the corner. Meanwhile, the velocity of the micro-jet
increases and the pressure peak at the corner decreases correspondingly. Moreover, the effect of angle
of the V-shaped wall on the collapse process of bubbles is similar to the effect of distance between
the single bubble center and the corner. Moreover, with the increase in bubble radius, the maximum
temperature of bubble collapse increases proportionally, the starting and ending of the micro-jet
are delayed and the pressure peak at the corner becomes larger and also is delayed. In the double
bubble collapse, the effect of distance between two bubble centers on the collapse process of bubbles
is discussed in detail. Based on the present study, appropriate measures can be proposed to prevent
or utilize cavitation in practical engineering.

Keywords: cavitation bubble collapse; MRT-LBM; inclined V-shape corner; thermal lattice Boltzmann
model; temperature field

1. Introduction

The collapse of cavitation bubbles can cause high pressure and temperature, accompa-
nied by strong shock wave and high-speed micro-jet. Therefore, the collapse of cavitation
bubbles near a wall may cause serious damage to the surrounding walls. On the other
hand, the collapse energy of cavitation bubbles can lead to some beneficial effects in
some fields such as high-intensity ultrasound treatment [1], material surface cleaning [2]
and ice breaking [3]. Therefore, the collapse mechanism of cavitation bubbles deserves
further study.

In recent years, the collapse of cavitation bubbles has been studied experimentally. For
example, high-speed photography and other techniques have been adopted to study the
collapse process of single or multiple cavitation bubbles near flat walls [4–6] and uneven
walls [7–11]. However, the above experiments only reveal the bubble morphology in
the process of collapse, and it is difficult to obtain the fields of velocity, pressure and
temperature by these experiments. Therefore, numerical simulation has gradually become
another effective method to study cavitation because it can provide detailed flow and
thermal fields. Furthermore, it can describe the evolution process of the cavitation bubble
collapse under complex boundary conditions. For example, Fukaya et al. adopted a bubble
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flow model to simulate the bubble behavior in cavitating flow [12]. Han et al. adopted
the boundary integral method to study the collapse of multiple cavitation bubbles near a
rigid wall [13]. Li et al. studied the collapse process of cavitation bubbles near the conical
rigid boundary by the finite volume method and the volume of fluid method [14]. Lyu et al.
simulated the collapse behavior of a single cavitation bubble near a solid particle using
the volume of fluid (VOF) method. Based on the simulation, the pressure field, velocity
field and collapse time were studied [15]. Li et al. proposed an accurate three-dimensional
boundary integral model for inertial cavitation bubble dynamics [16]. In this study, a
density potential method and a weighted moving least-squares method were used to
maintain a high level of mesh regularity. Duy et al. simulated the evolution of a cavitation
bubble and its interactions with the gas–liquid interface by a fully compressible mixture
model. This model was developed based on a general curvilinear grid [17]. Zhang et al.
used OpenFOAM to simulate the collapse process of the cavitation bubble near a solid
wall. It is found that the cavitation bubble near the wall collapsed in an axial symmetric
heart shape [18]. Zhang et al. studied the bubble cavitation dynamics between a rigid wall
and an elastic wall. In this study, the pressure of the satellite bubble was obtained, and the
formation of the satellite bubble was explained [19]. Lu et al. simulated the collapse process
of cavitation bubbles within a diesel droplet, including the phase change or not, using
OpenFOAM with the volume of fluid method [20]. Zhang et al. simulated the collapses
of both a single cavitation bubble and a cluster consisting of eight bubbles using direct
numerical simulation (DNS) with volume of fluid [21]. Ye et al. simulated the collapse
process of a near-wall bubble cluster using the direct numerical simulation with the VOF
method where viscosity, compressibility and surface tension were taken into account [22].
However, these computational fluid dynamics (CFD) methods need to solve the Poisson
equation for obtaining the pressure field, and most of them need interface capture [23].
Both of them will obviously increase the difficulty of simulation.

In recent years, the lattice Boltzmann method (LBM) has been developed to be a
successful method of simulating multiphase flow. For example, the isothermal LBM
pseudo-potential model [24–26] has been adopted to simulate the growth and collapse
process of cavitation bubbles near an infinite or flat wall [27–31]. Up to now, there have been
four main kinds of two-phase LBM, namely, the free energy model [32], the Shan–Chen
model [33], the color-gradient model [34] and the mean-field model [35]. On the other hand,
the collapse process near a non-flat wall also was studied via an LBM pseudo-potential
model [36–40]. In order to investigate the thermal collapse process of cavitation bubbles, the
double distribution function based on the LBM has been adopted. For example, Yang et al.
studied the thermodynamic effect of cavitation bubble collapse using pseudo-potential
and the thermal multiple-relaxation-time lattice Boltzmann method (MRT-LBM) [41]. Liu
and Peng studied the collapse process of cavitation bubbles near straight walls and convex
walls using the improved LBM with double distribution function [42]. Yuan et al. studied
the effects of wall wettability on cavitation bubble collapse based on the simulation of the
pseudo-potential lattice Boltzmann method including an appropriate external force term
and wall contact angle boundary condition [43]. Moreover, the effect of wall wettability on
the maximum pressure and micro-jet velocity also were discussed in this study. Here, the
Shan–Chen single-component multiphase LBM was used to simulate the fluid field and
the finite difference method was used to simulate the temperature field. He et al. applied
the two-dimensional thermal pseudo-potential lattice Boltzmann model with double distri-
bution function to study the inception and evolution processes of cavitation bubbles [44].
The inception process was reproduced using a high-temperature spot, while the growth
and collapse processes were obtained by varying the boundary pressure. Additionally,
interactions between two equal-sized/unequal-sized bubbles were studied [44]. Wang et al.
used a tunable-surface-tension thermal lattice Boltzmann pseudo-potential model with
large density ratio to investigate the effects of surface tension and initial input energy on
cavitation properties [45].
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Compared with traditional CFD, two-phase LBM has been developed quickly in recent
years and has a few major advantages [46]. In the LBM, the Boltzmann equation is directly
discretized, so its algorithm is simple and efficient. For complex geometries, various
boundary condition can be easily implemented, e.g., the bounce-back scheme for the no-
slip boundary condition. Moreover, the interface between two phases can be captured
automatically. The fourth advantage is that the LBM is easy for parallel computation due
to the locality of much of the computation. Finally, the pressure is often related to the
density through the equation of state, then the pressure field can be computed directly
once the density field is known. There is no need to solve the Poisson equation that will
take significant computational time in traditional CFD. Up to now, there has been little
research on simulating cavitation bubbles near non-flat walls by using a thermal LBM
model although it is a common and important phenomenon in engineering applications.
Therefore, the main objective of the present study is to investigate the thermal cavitation
process of cavitation bubbles near non-flat walls.

In this paper, the complex collapse process of a single cavitation bubble and double
cavitation bubbles inside an inclined V-shaped corner will be simulated by using the
pseudo-potential and thermal MRT-LBM models. Based on the simulation, the fields of
density, pressure, velocity and temperature can be obtained simultaneously. Moreover, the
factors impacting the evolution of cavitation will be discussed in detail such as the distance
between the cavitation bubble and corner point, radius of the cavitation bubble, angle of
the V-shaped corner and center distance between double cavitation bubbles. The present
study can be used to explain the mechanism and influencing factors of cavitation bubble
collapse near complex boundaries. Based on the present study, appropriate measures can
be proposed to prevent or utilize cavitation in engineering.

2. Numerical Methods
2.1. Pseudo-Potential MRT-LBM Model

Using the pseudo potential MRT-LBM [24,37,47–49], the mesoscopic governing equa-
tion can be expressed as follows:

fα(x + eαδt, t + δt) = fα(x, t)− Λαβ

(
fα(x, t)− f eq

α (x, t)
)
+ δt

(
Sα − 0.5ΛαβSβ

)
(1)

where fα is the density distribution function, feq is the equilibrium distribution function,
eα is discrete velocity in the α direction, Λ = M−1ΛM is the relaxation matrix, Λ is the
diagonal matrix, M is the transformation matrix.

Multiplying M on both sides of Equation (1) [49], the density field equation is shown
as follows:

mα(x + eαδt, t + δt) = mα(x, t)− Λαβ

(
mβ(x, t)− meq

β (x, t)
)
+

(
I − Λαβ/2

)
Sβ (2)

where mα and meq are density distribution function and equilibrium distribution function
in moment space, respectively, S = MS, S is a source term in the velocity space.

The transformation matrix M [50] can be given as follows:

M =



1 1 1 1 1 1 1 1 1
−4 −1 −1 −1 −1 2 2 2 2
4 −2 −2 −2 −2 1 1 1 1
0 1 0 −1 0 −1 −1 −1 1
0 −2 0 2 0 −1 −1 −1 −1
0 0 1 0 −1 1 −1 −1 −1
0 0 −2 0 2 1 −1 −1 −1
0 1 −1 1 −1 0 0 0 0
0 0 0 0 0 −1 1 1 −1


(3)
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Thus, the meq becomes

meq = ρ
(

1,−2 + 3|v|2, 1 − 3|v|2, vx,−vx, vy,−vy, v2
x − v2

y, vxvy

)
. (4)

The diagonal matrix Λ is written as:

Λ = diag
(

τ−1
p , τ−1

e , τ−1
ζ , τ−1

j , τ−1
q , τ−1

j , τ−1
q , τ−1

v , τ−1
v

)
(5)

S = MS is given by [37]:

S =



0

6
(
vxFx + vyFy

)
+ 12σ|F|2

Φ2δt(τe−0.5)

−6
(
vxFx + vyFy

)
− 12σ|F|2

Φ2δt(τζ−0.5)
Fx
−Fx
Fy
−Fy

2
(
vxFx − vyFy

)
vxFy + vyFx


(6)

in which F is the total force including fluid–fluid interaction, solid–fluid interaction, as well as
the volume force. The fluid–fluid interaction [51] is calculated using the following equation:

Fm = −GΦ(x)
N

∑
α=1

ω
(
|eα|2

)
Φ(x + eα)eα (7)

where G is strength of the interaction, ω is the weight coefficient, ω(1) = 1/3, ω(2) = 1/12,
Φ(x) is the interaction potential [52]:

Φ(x) =
√

2(peos − ρc2
s )/Gc2 (8)

where c = 1 is lattice speed, cs = c/
√

3 is lattice sound speed.
Moreover, the fluid–solid interaction [53] is calculated using the following expression:

Fads = −GwΦ(x)
N

∑
α=1

ω
(
|eα|2

)
S(x + eα)eα (9)

where Gw is the interaction between the solid and the fluid, S(x + eα) = Φ(x)s(x + eα),
s(x + eα) is a switch function.

The pressure is obtained by Carnahan–Starling (C-S) EOS [54] as follows:

peos = ρRT
1 + bρ/4 + (bρ/4)2 − (bρ/4)3

(1 − bρ/4)3 − aρ2 (10)

where T is temperature, R represents gas constant, a = 0.4963R2T2
c /pc, b = 0.18727RTc/pc,

Tc is the critical temperature and pc the critical pressure.
The density is obtained by the following expression:

ρ = ∑
α

fα (11)
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The fluid speed is obtained by the following equation:

v = ∑
α

fαeα

ρ
+

δtF
2ρ

(12)

Using the Chapman–Enskog analysis, the following Navier–Stokes equations can
be derived:

∂tρ +∇(ρv) = 0 (13)

∂t(ρv) +∇(ρvv) = −∇(ρc I) +∇ · Π + F (14)

where Π is the viscous stress tensor. Equations (13) and (14) are macroscopic govern-
ing equations.

2.2. Thermal MRT-LBM Model

The macroscopic temperature governing equation [55] can be expressed as follows:

∂T
∂t

+∇(vT) = ∇(α∇T) + ϑ, (15)

where T is the temperature, α = k/(ρcv) is the thermal diffusivity, k is the thermal conduc-
tivity, cv is the specific heat, ϑ is the source term.

The temperature equation can be solved by a thermal MRT-LBM model [56],

nα(x + eαδt, t + δt) = nα(x, t)− Λ1αβ

(
nβ(x, t)− neq

β (x, t)
)
+ δtSα(x, t) (16)

where nα and neq are temperature distribution function and equilibrium distribution func-
tion in moment space, respectively, Λ1 is the diagonal matrix, S is the source term in the
moment space.

The expression of neq is given by:

neq = T
(
1,−2, 2, vx,−vx, vy,−vy, 0, 0

)
(17)

The diagonal matrix Λ1 is written as:

Λ1 =



τ−1
0 0 0 0 0 0 0 0 0
0 τ−1

1 0 0 0 0 0 0 0
0 0 τ−1

2 0 0 0 0 0 0

0 0 0 τ−1
3

(
τ−1

3
2 − 1

)
τ−1

4 0 0 0 0

0 0 0 0 τ−1
4 0 0 0 0

0 0 0 0 0 τ−1
5

(
τ−1

5
2 − 1

)
τ−1

6 0 0

0 0 0 0 0 0 τ−1
6 0 0

0 0 0 0 0 0 0 τ−1
7 0

0 0 0 0 0 0 0 0 τ−1
8



(18)

S is written as:
Sα = (S0, 0, 0, 0, 0, 0, 0, 0, 0) (19)

where S0 = Φ + 0.5δt∂tΦ, 0.5δt∂tΦ is adopted to remove the discrete effect of the source
term [56].

The temperature can be obtained by the following:

T = ∑
α

nα (20)
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It should be noted that the fluid density and velocity can affect the temperature and
vice versa using the present coupled MRT-LBM models.

3. Collapse of a Single Cavitation Bubble inside an Inclined V-Shaped Corner
3.1. Numerical Model

The simulated geometry layout is shown in Figure 1. The half-way bounce-back
scheme is adopted for the red side wall and the open boundary is used for the part without
a wall. For the temperature field, an isothermal boundary is applied to these three sides.
The domain has a 1001 × 909 lattice in total and the parameters for the diagonal matrix are
τp = τe = τj = τq = 1.0, τζ = τj = τq = 1.1, τv = 0.8.
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The initialized density field can be given by

ρ(x, y) =

(
ρl + ρg

)
2

+

(
ρl − ρg

)
2

tanh

2
(√

(x − x0)
2 + (y − y0)

2 − RR
)

W

, (21)

where ρl is the liquid density, ρg is the vapor density, x0, y0 are the bubble center’s co-
ordinates. RR is the bubble’s radius. W is the interface width and is set to be 5 in the
present study.

The initialized temperature field is given as

T(x, y) =
(T∞ + Tb)

2
+

(T∞ − Tb)

2
tanh

2
(√

(x − x0)
2 + (y − y0)

2 − RR
)

W

, (22)

where T∞ = 0.5Tc is the temperature outside of the bubble and Tb = Tc is the temperature
inside of the bubble.

In this simulation, the unit of length is lu, the unit of time is tu, the unit of mass is mu,
the unit of pressure is mu·lu-1tu-2, the unit of velocity is lu·tu-1 and the unit of density is
mu·lu-3. The used parameters are shown in Table 1.

3.2. Collapse of Single Bubble inside an Inclined V-Shaped Corner with Different λ

In this section, the bubble collapse process inside an inclined V-shaped corner un-
der different λ will be studied. Moreover, the influence of λ on the maximum collapse
temperature, the micro-jet and pressure at the corner will also be discussed in detail.

In Figure 2, we compare the experimental results and the simulation results of bubble
collapse in Case 2. It can be seen that the high internal pressure makes the bubble expand
in a spherical way. When the open boundary pressure is transferred to the upper part of the
bubble, the bubble is gradually compressed. As the compression becomes larger and larger,
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the bubble finally collapses. Overall, the simulation results agree with the experiments,
which proves the applicability of the present numerical model.

Table 1. Parameters used for a single bubble with different λ.

Case RR α λ

1 13 2π/3 1
2 13 2π/3 1.5
3 13 2π/3 2
4 13 2π/3 2.5
5 13 2π/3 3
6 13 π/3 2
7 13 π/2 2
8 13 5π/6 2
9 7 π/3 3
10 10 π/3 3
11 13 π/3 3
12 17 π/3 3
13 20 π/3 3Water 2023, 15, x FOR PEER REVIEW 8 of 21 
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Figure 2. Experimental results and simulation results in Case 2. (a) Experimental results [8], repro-
duced or adapted from adequate reference, with permission from publisher Elsevier (Amsterdam,
Netherlands), 2020; (b) Simulated results.

Moreover, Figure 3 shows the temperature and velocity fields in Case 2 predicted by
the present thermal lattice Boltzmann method. During the bubble expansion process, due
to the volume expansion, the internal gas will become sparser so the temperature will be
slightly lower. Similarly, in the process of bubble contraction, because the volume of the
bubble becomes smaller, the internal temperature of the bubble increases gradually. At
the last moment of bubble collapse, due to the rapid compression of the internal gas, high
temperature is produced and the maximum collapse temperature can be found at this stage.



Water 2024, 16, 161 8 of 17
Water 2023, 15, x FOR PEER REVIEW 9 of 21 
 

 

 218 
Figure 3. Temperature field and velocity vector in Case 2. 219 

In Figure 4, we show the experimental and simulated results of bubble collapse in 220 
Case 1. In this case, the distance between the wall and the bubble center is less than the 221 
radius of the bubble, so the bubble is limited by the corner when it expands. When the 222 
open boundary pressure is transferred to the upper part of the bubble, the top of the bub- 223 
ble shows compression and the bubble gradually collapses near the corner. 224 

 225 

Commented [M1]: Please confirm whether arrows 
need to add explanation, if yes, add it in caption. 

Commented [勇2R1]: No need. 

Figure 3. Temperature field and velocity vector in Case 2.

In Figure 4, we show the experimental and simulated results of bubble collapse in
Case 1. In this case, the distance between the wall and the bubble center is less than the
radius of the bubble, so the bubble is limited by the corner when it expands. When the
open boundary pressure is transferred to the upper part of the bubble, the top of the bubble
shows compression and the bubble gradually collapses near the corner.
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Figure 5a presents the maximum collapse temperature of a single bubble with different
λ. The maximum collapse temperature of Case 1 does not reach the initial bubble temper-
ature due to the obstruction of the wall. It is obvious from Figure 5 that the maximum
temperature of bubble collapse approximately increases linearly with the rise of the distance
between the corner and the bubble center except for Case 1. Figure 5b describes the change
in the micro-jet for a single bubble with different λ. In the present study, the velocity at the
top of the cavitation bubble is taken as the micro-jet velocity to avoid the effect of virtual
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velocity in numerical simulation. The micro-jet velocity reaches the maximum in a period
of time before bubble collapse and then decreases. In Case 1, it is not easy to identify the
peak of micro-jet velocity because the bubble is close to the wall at the beginning and the
micro-jet is restrained by the wall. Compared with various cases, it is clear that the velocity
of the micro-jet increases and its peak is more advanced with the increase in the distance
between the corner and the bubble center. That indicates that the bubble collapse time will
advance with the increase in that distance and this is consistent with the conclusion based
on the density field. Figure 5c displays the change in the corner pressure with different λ.
For a period of time after bubble collapse, when the pressure wave is transmitted to the
corner, the corner pressure reaches the peak. From the curve, as the distance between the
corner and bubble center becomes smaller, the pressure peak at the corner becomes larger
and the peak is also slightly delayed. This finding is also consistent with the conclusion in
the study of micro-jet and density field, i.e., the larger the distance between the corner and
bubble center, the earlier the bubble collapses. It should be noted that the corner pressure
for Case 1 seems much larger than other cases. The possible reason is that the location of
bubble collapse is closer than other cases.
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3.3. Collapse of Single Bubble inside an Inclined V-Shaped Wall with Different α

In this section, the influence of α on the evolution of the micro-jet and the pressure at
the corner will be investigated. Figure 6 displays the experimental and simulated results of
bubble collapse in Case 6. In this case, compared with the case with an obtuse angle, the
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effect of the wall on the bubble is more significant. Thus, the bubble surface becomes flat
along the wall earlier in the stage of expansion and, after that, the depression still appears
at the top and finally gradually collapses.
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Figure 7a shows the evolution of a single bubble micro-jet with different α. It is clear
that the peak of the bubble micro-jet will be more advanced and the peak will be larger
with the increase in the angle. This is because the inhibition of the wall becomes smaller
with the increase in the angle and the micro-jet velocity will be larger. Figure 7b displays
that the pressure peak at the corner decreases and the pressure peak appears earlier with
the increase in the angle.
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3.4. Collapse of Single Bubble inside an Inclined V-Shaped Wall with Different RR

In this section, influence of RR on the maximum collapse temperature, the micro-jet
and the pressure at the corner will be studied. Figure 8a shows that the maximum collapse
temperature increases proportionally with the increase in bubble radius. Figure 8b indicates
that the time of micro-jet starting and ending becomes earlier with the decrease in bubble
radius. Figure 8c shows that the peak of corner pressure increases and its appearing is
delayed with the increase in single bubble radius.
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4. Collapse of Double Cavitation Bubbles inside an Inclined V-Shaped Wall

In this section, the collapse of double cavitation bubbles inside an inclined V-shaped
corner will be studied.

4.1. Computational Layout

The simulated geometry layout is shown in Figure 9.
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4.2. Numerical Simulation of Double Bubble Collapse inside an Inclined V-Shaped Wall

Here, the collapse process of double cavitation bubbles inside an inclined V-shaped
wall will be simulated. Moreover, the influence of center distance between two cavitation
bubbles (D) on the maximum collapse temperature, micro-jet and corner pressure will be
discussed. The used parameters are shown in Table 2.

Table 2. Parameters used for double bubbles with different D.

Case D α λ

14 2.5RR π/3 4RR
15 3RR π/3 4RR
16 4RR π/3 4RR
17 6RR π/3 4RR

Figure 10 shows the collapse process of two cavitation bubbles inside an inclined
V-shaped corner in Case 14. Both cavitation bubbles expand with different degrees at first.
Because the lower bubble is closer to the wall, the inhibition effect of the wall is stronger,
so its expansion is less obvious than that of the upper bubble. After that, the two bubbles
begin to contract under the influence of pressure and the upper bubble contracts more
obviously. After the collapse of the upper cavitation bubble, the lower cavitation bubble
also begins to be depressed and gradually collapses.
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Figure 11 shows the temperature and velocity fields in Case 14. The temperature
change behavior of each cavitation bubble is similar to that for the single bubble collapse.
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Figure 11. Temperature field and velocity vector of double cavitation bubble collapse in Case 14.

Figure 12 shows the evolution of double bubble micro-jet, the maximum collapse
temperature and corner pressure with different D. It is clear that the micro-jet velocity
of the lower cavitation bubble is smaller than that of the upper cavitation bubble from
formation to collapse. By comparing various cases, it can be concluded that the micro-jet
velocity peak of the upper bubble is higher and the time of the micro-jet appearing and
ending is earlier with the increase in D. Moreover, the maximum temperature of the upper
bubble is higher than that of the lower bubble in all cases. Additionally, the maximum
collapse temperature of each bubble increases with the increase in D. Compared with the
case of a single bubble, the corner pressure fluctuation before the collapse of the lower
bubble in double bubble cases is much smaller. This is because the pressure wave produced
by the collapse of the upper bubble will be blocked by the lower cavitation bubble and the
lower bubble plays a role of protecting the corner before its collapse. By comparing the
simulated cases, we found that the corner pressure peak increases with the increase in D.
And in Case 17, the corner pressure reaches 0.1549 mu/(lu·tu2), which is when the distance
between the corner and the lower bubble is 4RR, which is further than the cases with a
single bubble. Thus, it indicates that the pressure wave superposition of double bubbles
has great influence on the corner.
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5. Conclusions

In the present study, the collapse processes of a single and double cavitation bubbles
inside an inclined V-shaped corner are simulated by using the pseudo-potential and ther-
mal MRT-LBM models with double distribution function. In our simulation, the density
and pressure fields, micro-jet and temperature field have been obtained simultaneously.
Moreover, the influence factors of the evolution of cavitation bubble collapse have been
studied in detail such as the distance between the corner and cavitation bubble, the angle
of the V-shaped corner, the radius of the cavitation bubble and the distance between two
cavitation bubbles. Overall, 13 cases of a single cavitation bubble and 4 cases of double
bubbles have been simulated. Based on these simulated results, the following conclusions
can be drawn:

1. The simulated density fields during the collapse process of a single cavitation bubble
are compared with the experimental results and the agreement is acceptable. It is
proved that the present pseudo-potential and thermal MRT-LBM models with double
distribution function are reasonable to study the cavitation bubble collapse.

2. The temperature field evolution during cavitation bubble collapse is similar. Firstly,
the temperature inside the cavitation bubble gradually decreases in the process of
bubble expansion. Then, the temperature will gradually increase in the contraction
stage. When the bubble collapses, the temperature reaches the maximum. This law is
also applicable to the double bubble collapse.

3. It is found that the micro-jet velocity reaches the maximum in a period of time
before bubble collapse and then decreases. With the rise of the distance between the
single bubble center and the corner, the maximum temperature of bubble collapse
increases approximately linearly, the velocity of micro-jet increases and its peak is
more advanced and the pressure peak at the corner decreases. As the V-shaped angle
increases, the velocity peak of micro-jet is larger and appears earlier, and the pressure
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peak at the corner is smaller and more advanced. With the increase in bubble radius,
the maximum temperature of bubble collapse increases with an approximately linear
relationship, the starting and ending of the micro-jet are delayed and the pressure
peak at the corner is larger and also is delayed.

4. In the double bubble simulation, the micro-jet velocity of the lower cavitation bubble
is smaller than that of the upper one from formation to collapse. The maximum
temperature of the upper bubble is higher than that of the lower one in all cases.
Compared with the cases of a single bubble, the fluctuation of the pressure at the
corner is much smaller before the collapse of the lower bubble in double bubble cases.
With the increase in distance between two bubble centers, the maximum collapse
temperature of each bubble increases, the velocity peak of the micro-jet of the upper
bubble is higher, the time of the micro-jet appearing and ending is earlier and the
corner pressure peak also increases.
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