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Numerical Study on Mechanical Effects of Cavitation in High-intensity Focused
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Collapse of cavitation bubble clouds enhances the mechanical effects of

cavitation on therapeutic ultrasound treatments. A software application was developed to clarify the
spatial distribution as well as nonlinear behavior of cavitation bubble clouds in a focused
ultrasound field. As the results, the effects of the heat and mass transfer through the bubble
interface and the translation motion of bubbles on the distribution of the cavitation bubble cloud
were clarified by the present numerical simulation. In addition, irradiation parameters of
ultggsgund for the safe and efficient cavitation-enhanced focused ultrasound treatment werer
studied.



High Intensity Focused ultrasound: HIFU

HIFU
1
@
Keller-Miksis 2.3
4
Marmotant
5

6

@
6 FDTD
2
7
@
50nm 50nm 1IMHz
Fig.1 Fig.1(a)
IMPa 50nm
20nm compression only behavior
Fig.1(b) 5MPa
25um 500
1MPa 5MPa

Fig.2 Fig.2(a) 1MPa compression



only behavior

Inverse rectified-diffusion

Rectified-diffusion

Inverse rectified-diffusion

60

55

Radius (nm)

w/o mass transfer
w/ mass transfer

@
Fig.1

Time (us)

1MPa

w/0 mass transfer
w/ mass transfer

0.60

0.55

0.50

Mass of gas inside bubble (x10‘2‘ kg)

0.45

@

M
-

«
N

@

Fig.3
35mm
10mm

10mm
3.82MHz

1x10°°

1x1077

4 5 6 7 8
Time (us)

1MPa

Fig.4

1x10°®

35mm

50nm

10mm

10mm

1x1071°

Fig.2(b)

3MPa

40

w/o mass transfer
35 w/ mass transfer
30

Radius (um)
n
o

15
10
E | |
0
0 1 2 3 4 5 6 7 8 9 10
Time (us)
() 5MPa
f=1MHz 50nm
= 12
el w/o mass transfer
® w/ mass transfer
o 10
% 8
3
2 6
2
5 4
2
5 2
2
o
=0
0 1 2 3 4 5 6 7 8 9 10
Time (us)
() 5MPa
T=1MHz 50nm

A=35mm

R20mm

1 10mm !
 m—

38mm 12mm |

Fig. 3

5MPa



Lvnanem

Sl X 1010

fu=1 X108

fu=1 X109

SURAANNNNT .

| = |
0 3 o

-]

104

Pressure (MPa) Void fraction (-)

0.05um

Fig.4
T=3.82MHz
1x107°
2 3
0.1pm
0.05 pum
8x107%°
Fig.6
2 w/ bubble trans.
w/o bubble trans.
%
% 15
% 0.5
ig
0-3 2.5 -2 -1‘.5 -1 -0.5
Distance from focus (mm)
Fig.6

f=3.82MHz fy=1x107"

545kHz
Fig.7

n
-
«

18 -0
! transfer, R, =0.10um, f o=1x10

& | W/ mass transfer, R::k,”;gmom, f§3=a§1oj}g
7 wlo mass transfer, Ry, ciqing=0.05um, fgo=1x10" 0 ———
L w/ mass transfer, Rp,cking=0.05um, fgo=1x10"" ———
2
L2 12
g
- 08
2
g o6
&
_E 0.4
" o2

0 Ay

- -25 -2 -1.5
Distance from focus (mm)
.5
=3.82MHz
Fig.5
1x10°%
-2.2mm
-1.3mm
0.1pm
0.05 um 8
1x107%°
Bjerknes

| Without mass transfer l

I With mass transfer

0

0

T=545kHz

Rectified-diffusion Bjerknes

0.05um

0.1pm

Pressure (MPa)
[

Void fraction (-)



®

Type W Type M 2
Fig.8

Type W
Type M

i1 Stone surface

>

o S 38MPa Type W ——

J E 5-; 35 ype M ——
-, llfﬂl F (qr?'i* § Pomasibe |
H 0 10°
Void fraction (-) r

Pressure (MPa)

-10 -5 0 5 10
Distance from focus(mm)

Time
»
=3 R 1
-

Fig.8 Fig.9
Fig.9 Type W
-6 -4mm 20MPa Type M
=7mm 15MPa 38MPa
Type W -5 -1mm 25MPa Type M -
1.5mm 10MPa
1. M. Wan et al. Cavitation in Biomedicine, Springer (2015).
2. Z. Yang and C. C. Church, “ A model for the dynamics of gas bubbles in soft tissue,”
J. Acoust. Soc. Am. 118, 3595-3606 (2005).
3. S. Qin and K. W. Ferrara, “ A model for the dynamics of ultrasound contrast agents
in vivo,” J. Acoust. Soc. Am. 128, 1511-1521 (2010).

4. : 2
B 71(705), 1239-1246 (2005).

5. P. Marmottant et al., “ A model for large amplitude oscillations of coated bubbles
accounting for buckling and rupture,” J. Acoust. Soc. Am. 118, 3499-3505 (2005).

6. K. Okita et al., “ Influence of Collapse of Cavitation Bubble Cloud on Erosion of
Solid Surface in Hydraulic Machinery" Proc. 10th Symp. Cavitation(CAV2018) 542 -
545,(2018).

7. K. Okita et al., “ Microbubble behavior in an ultrasound field for high intensity
focused ultrasound therapy enhancement,” J. Acoust. Soc. Am., 134 (2), 1576-85
(2013).

8. T. lkeda et al., “ Cloud cavitation control for lithotripsy using high intensity
focused ultrasound,” Ultrasound Med. Biol., 32(9), 1383-97 (2006).



5 3 0 4

Kohei Okita, Ryuta Narumi, Takashi Azuma, Hidemi Furusawa, Junichi Shidooka, Shu Takagi and 6:4
Yoichiro Matsumoto
Effects of breast structure on high-intensity focused ultrasound focal error 2018
Journal of Therapeutic Ultrasound -
DOl
10.1186/s40349-018-0111-9
Kohei Okita 34
Numerical study on growth and collapse of cloud cavitation in a focused ultrasound field 2018
Proc. Mtgs. Acoust. -
DOl
10.1121/2.0000907
Kohei Okita, Yuusuke Miyamoto, Teruyuki Furukawa, Shinobu Nagura, Shu Takagi, Hiroharu Kato -
Influence of Collapse of Cavitation Bubble Cloud on Erosion of Solid Surface in Hydraulic 2018
Machinery
Proceedings of the 10the Symposium on Cavitation(CAV2018) 542-545
DOl
10.1115/1.861851_ch103
36
2017
93-100

DOl




29

HIFU

2017

13-17

DOl

19

2018

17

2018

31

2018




Kohei Okita

Numerical Study on Growth and Collapse of Cloud Cavitation in a Focused Ultrasound Field

21st International Symposium on Nonlinear Acoustics

2018

Kohei Okita, Yuusuke Miyamoto, Teruyuki Furukawa, Shinobu Nagura, Shu Takagi, Hiroharu Kato

Influence of Collapse of Cavitation Bubble Cloud on Erosion of Solid Surface in Hydraulic Machinery

The 10the International Symposium on Cavitation (CAV2018)

2018

K. Okita, S. Takagi, Y. Matsumoto

Numerical Simulation of Cavitation-enhanced HIFU Therapy

19h International Conference on Finite Elements in Flow Problems - FEF 2017

2017

S. Takagi, K. Shimizu, S Ii, K. Sugiyama, K Okita

Multiscale simulations for fluid structure interaction problems with biomedical applications

The 4th Symposium on Fluid-Structure-Sound Interactions and Control

2017




K. Okita, K. Sugiyama, S. Takagi, Y. Matsumoto

Influence of cavitation bubble growth by rectified diffusion on cavitation-enchanced HIFU

70th Annual Meeting of the APS Division of Fluid Dynamics

2017

2017

2017




