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OpenFoam open-source code. The research results indicate that the dimensionless gamma number has
the most significant impact on the growth and collapse of the bubble near the wall. This study examined
two gamma numbers 0.8 and 1.3. It was found that with a 60% increase in the gamma number, the
maximum shear stress on the wall decreased by 37%, while the maximum absolute temperature inside

the bubble increased by 12%. Additionally, as the gamma number increases, the area affected by the jet  Keywords:

impact due to the bubble collapse increases. Within the scope of the present research, the initial pressure ..
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parameter of the bubble has the most significant impact on the maximum temperature inside the bubble.
In the range of considered initial pressures, a 50% increase in the initial pressure results in a 6% decrease
in the maximum temperature of the bubble. However, the values of other studied parameters, such as

shear stress, change by less than one percent.

Microjet
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1- Introduction

The phenomenon of cavitation and bubble collapse
is crucial in industrial and medical applications. New
approaches are being explored to utilize this phenomenon
in solving various problems, including cancer treatment and
surface cleaning. Recent studies indicate that the type of wall
has a significant impact on the collapse of bubbles near the
wall. Many studies have explored the dynamics of bubble
collapse under various conditions, including next to an elastic
wall [1], next to a rigid wall [2], and next to the free surface
[3]. Based on previous research, it has been determined
that when examining the dynamics of bubble collapse near
a wall, the parameters of the gamma number, type of wall,
and initial pressure have the most significant impact on flow
parameters. The primary research gap in the study of bubble
collapse is the investigation of the combined effects of the
dimensionless gamma number and the initial pressure of the
bubble on changes in bubble temperature, shear stress on the
wall, and jet velocity resulting from the collapse.Therefore,
the impact of the dimensionless gamma number and initial
bubble pressure on flow parameters during bubble collapse
near a solid wall is investigated in this research. The goal is to
address a research gap and propose a new method to enhance
the power of the resulting jet during bubble collapse.

In summary, the innovations of this work can be outlined

*Corresponding author’s email: maddahian@modares.ac.ir

as follows

1- Development of a compressible two-phase solver by
improving the discontinuity caused by interface tracking.

2- Examination of the impact of dimensionless gamma
numbers 0.8 and 1.3 on temperature, pressure, shear stress,
and jet velocity parameters.

3- Exploration of the effect of the initial pressure of the
bubble on the energy released from the collapse of the bubble
near the rigid wall and its impact on velocity, stress, and
temperature in a constant gamma.

2- Methodology

To investigate the phenomenon of bubble collapse using
the modified volume of fluid method, mass conservation
equations, momentum, liquid phase volume fraction equation,

and energy equation are utilized in the form of equations (1)
to (4).
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Fig. 1. Geometry used in single bubble collapse near a
rigid wall.
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In equations (1) and (2), U represents the velocity field, ¢
represents time, p represents density, a represents the volume
fraction of the liquid phase, p represents pressure, o represents
the surface tension coefficient, and x represents the curvature
of the interface. In equation (2), the last term on the left
expresses the viscous stress. In equation (3), U represents the
relative speed of two phases. In equation (4), C, represents
the specific heat coefficient at constant pressure, [§ represents
the conductive heat transfer coefficient, 7 represents the
temperature, and k represents the kinetic energy.

Given that the accuracy of the volume of the fluid method
relies heavily on how well the interface is tracked, the
Lafaurie filter is employed to improve the precision of this
method (40). To implement this filter, equations (5) and (6)
are used [4].
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Fig. 2. Geometry used in single bubble collapse near a
rigid wall.
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In order to solve the governing equations, it is important
to establish the relationship between the equations using an
appropriate solver and solve the equations throughout the
entire computational domain at each time step. The solver
utilized in this study is the compressible interFoam solver in
the OpenFOAM-extend 4.1.

3- Discussion and Results

The phenomenon of bubble collapse near a rigid wall is
simulated in this study. The simulation geometry, as shown
in Figure 1, consists of a 5-degree segment of a cylinder with
a radius of 50 mm and a height of 50 mm. Figure 1 provides
details of the dimensions, boundary conditions, and the
meshing approach used for addressing the problem.

According to the results obtained for the problem of bubble
collapse near the solid boundary, it can be concluded that the
dimensionless gamma number plays the most important role
in the physics of bubble collapse. The shear stress distribution
on wall 1 when the jet reaches it is shown in Figure 2 for
two different gamma values: 0.8 and 1.3. The maximum
shear stress value decreased from 39 kPa to 25 kPa when the
gamma number increased from 0.8 to 1.3. Additionally, the
location of the maximum shear stress moved from 0.15 mm
to 0.28 mm from the coordinate axis as the gamma number
increased. For larger gamma values, a longer length of wall 1
is affected by fracture and the resulting shear stress, as shown
in Figure 2.

Based on the parametric study conducted on the initial
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pressure of the bubble, it can be inferred that an increase in
the initial pressure of the bubble has a negligible effect on
the amount of shear stress and pressure on the wall when
the thickness of the liquid layer between the bubble and the
wall remains unchanged at high pressures. However, this
parameter has a significant effect on the minimum radius
and time of bubble collapse. It is advisable to use a higher
initial pressure to reduce the maximum temperature inside the
bubble for applications such as drug delivery to vulnerable
tissues.

4- Conclusions

The results of this research can be summarized as follows:

The dimensionless gamma number has the greatest impact
on the growth and collapse dynamics of a bubble near a rigid
wall. As the gamma number increases due to the thicker fluid
layer between the bubble and the wall, the energy dissipation
from the bubble collapse increases. Consequently, the shear
stress caused by the collapsing bubble’s impact on the wall
will be lower at higher gamma numbers.

In the examination of heat transfer between fluid and
gas phases in the bubble collapse problem, the parameters
of jet velocity, bubble collapse time, and maximum bubble
compression during the volume reduction stage are of
paramount importance. An increase in the dimensionless
gamma number leads to a rise in the maximum temperature
inside the bubble, a factor of considerable significance in
applications such as drug delivery.

In larger gamma values, although the shear stress created
on the solid wall is smaller, the area affected by the impact of
the jet caused by the bubble on the wall is larger. Increasing the
initial pressure of the bubble also increases the area affected
by bubble collapse. Therefore, when considering the use of
the shear stress caused by the bubble collapse for medical
applications such as destroying the brain’s defense barrier or
treating kidney stones, it is essential to set the parameters of
the dimensionless gamma number and the initial pressure of
the bubble according to the intended goal.
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Fig. 1. Compressible interfoam solver algorithm used in this research.
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Fig. 2. Geometry used in single bubble collapse near a rigid wall.
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Table 1. Properties utilized for the ideal gas in the single bubble collapse problem.
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Fig. 3. a) Schematic and boundary conditions of the desired geometry for simulating the single bubble problem. b)
General schematic of the mesh considered for the desired geometry for simulating the single bubble problem[48].
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Table 2. Details of the geometry meshing for the stable bubble validation problem.
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Fig. 4. A comparison between the bubble radius changes in the present simulation and Ron-
ninger's research results[48].
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Fig. 5. Schematic, meshing, and boundary conditions of the desired geometry for simulating the
bubble pair problem.
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Table 3. Physical properties of Taman liquid in the bubble pair collapse problem.
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Table 4. Physical properties of ideal gas in the bubble pair collapse problem.
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Fig. 6. A comparison of the deformation of the bubble pair over time in a) Han, B., et al.’s experimental re-
search[50] , b) Han, B., et al.’s numerical research[50] , and c) the current research.
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Table 5. Properties utilized in the single bubble collapse problem near a rigid wall.
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Fig. 7. a) Changes in radius over time in three different meshes b) Changes in liquid layer thickness
over time in three different meshes for grid independence test.
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Fig. 8. Velocity contour and the process of bubble shape change under the conditions of a) gamma
equal to 0.8, b) gamma equal to 1.3.
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Fig. 9. Pressure contour and the process of bubble shape change under the conditions of a) gamma
equal to 0.8, b) gamma equal to 1.3.
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Fig. 10. Comparison of the velocity changes over time at coordinates (0, 0, 0) for two gamma values,
0.8 and 1.3.
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Fig. 11. Comparison of the pressure changes over time at coordinates (0, 0, 0) for two gamma values,
0.8 and 1.3

Vo)lgd (59 exbalnl by G (595 LIS sae b adllas Y -V
ool b aS™ Y o)led (g5y (b LT Ay Hlade duslio jolaied
das g /A ply LIS sae clls g (gl wad o dnole (VF) dlayly
@ Ca dey oloj ) o)led o) (Bp (A5 @i MYl LE
YOe Gloj g /A plp LB sae clls (gl il o V¥ loj) ) 0lg0d
ol oBodly Lis VWSS 50 (MY pl s LIS dae <l (gl ailiy See
Ay jlade MY 4 /A LB sy sae ol LAY S sillas
w8l ials” JISwly olS VO jlade 4y JISly ol YA i Sl o8 o5
LIS olael )3 Y 0)lesd (69) (o (i i Hlde g yiaS e sl
o2l Y ojlend g o gs8y oo o Jlwe 4Y jiin Culbus (5S35
IMorass! camw N 0)lgsd g Ol o 48,318 Jw Y cawl S
(Crimen )5 (o ) 0)lpd (9355 53 @l e LIS a9 (53]
3 inien +IN0 alols Jaie | 5y 5 i e () gy Jone
e dee +IYA dol Jlade 4 /A LB clls gly wlaiswe jee

Y

2 UKl Ko Ve Gl adsl jlis cdls 95 o 40 wod 0 sdalie oS
skl jd copmizmon Dgdb o Gl glad Wby cel &5 sl oa5ai8 )3 s
Slybl bz )Lid jlude | a8 (g)lude a4y Gl jlid Jlade ad) dls yo
Glae ol 003 g Jal Ao 3y Gl il feul sdw)
LB Lyl 3 Gle glad o)lged po jials als o o ) VWY JSS
ol Lol 3se 531 ol ol Sl j2a8 <A oIS Ll g VY
Ll 3 ol it o515 ) VY S5 (e 330 oSin
Dad o ol Hlid i (il el /A LB byl d 4 cond VY LE
G Y il Ll clls )3 g5 i Moxasd] s & )Lt ol Lol
o> el ds e glal > Ol jLiS aiidy jlade oS (ggouiay D9 o0
[OY] Sl 9 (J g 53 donss () sl sl yidi +/A LS Lyl yis )
cablS ol 4 4 €83 ai olge oplply fowl saslcwda 5
ConSd 989 o) g glad 0ybgd ud) sl Ol Jowily jSa S

ol i pgd



VE- bYW doio VFT Jlo o o)l DF 055 ¢y ool SilSn i 4y

(a)o

P (Mpa)

0 50 100

(b)1070

920

770

620

R (pm)

470

320

170

20 TN U TR S R T — |
0 50 100

L -

T T

L

150
1 (ps)

VY L g+ /A L byl 13 loj cowd 33 ol gland (& g o i (W Ol pnds Wgy dunng o Y JSUS

Fig. 12. Comparison of changes in a) bubble pressure and b) bubble radius over time under condi-
tions of gamma 0.8 and gamma 1.3.
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Fig. 14. A comparison of the maximum temperature changes inside the bubble over time under condi-
tions of gamma 0.8 and gamma 1.3.
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Table 6. Comparison of the impact of initial pressure increase on fluid dynamics parameters.
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