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Fig. 1. Configuration of the quasi-static motion of the system (schematically). The cavity contains a bubble nucleus, which grows

under tension Fj; : (a) Initial state, unperturbed; (b) the cavity stretched under tension; (c) a bubble nucleus grows.
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Fig. 2. (a) Comparison of the curve of the volume change of the liquid in the cavity and the equilibrium curve of the bubble in un-

bounded liquid. Comparison of cavitation models of liquid in spherical cavity between rigid microcavity and elastic medium: (b) The

dependence of the relative change of liquid volume on the equilibrium bubble radius; (c) the dependence of the Blake threshold radi-

us on the cavity radius.
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Fig. 3. Influence of bulk modulus on equilibrium radius: (a) Influence of the bulk modulus of the medium outside the cavity; (b) in-

fluence of liquid bulk modulus.
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radius of the bubble nucleus; (c) surface tension coefficient.

TSR T Y BRI AR B & AR S A 7S S I
FPAE. Vincent 55 23 X 520G WAL T HE L ZE R
TRRE N SEECH , IR AR I AR )N, Stk
H R D, 335 A SCA 3 A A ) A AR TR S0 Fr v AR
Jis b NS AR I 2518 — 3. TR E R, Ab
I R Rs 2 e IR R gk J1s2 ), Rt WA G
15 R K BB E S m AR, EL 4(b)
25 LA E AR 430312 100, 80 T 60 nm B 9
UNENRE P e SRR O (TR Y SN R 11 S
(4 S N TR AN N Sl NG A 8 07 I B 2 e
A B H BB N, [FIRE, BUE R, &
T 7K 1 REGEOR, 23 AR R O, %S 1
fHREEU (K 4(c)).

3 MBI ABIRE N
5 7] %

M T2 AR /N, B E 2 I R AR e S
LTI 23 e 7 O - RS S | o - i T S
P =P (t), p=p(t). ZWEIEPARZE K3 BE,
B RAR &~ 1H. &% Leonov A1 Akhatov?! 7
ST BT N SEARL RS 120 ik, Tk
S RS BRI A FAs [ H O BRI S A
FT N ERIE W NS gl 2E 0 e, B

1 dp
il Ly = 11
o1 dt +V (] 0, ( )
L L F
d (8) _ 9oL _ _‘97.’ (12)
dt \oR, ORy ORy,

K, o MR o MIRIREE K, LoNFitg
B H &, FONFERREC Y, Ry R Ry XFHE] 3R G
B, AR (11) SRR (RSN R

dRy .. -
dtb’ ZFHENRIE L v (r = Re) =

), AR [ H B A1

v (r=Ry) =
dR,
dt

R} — 13 RY . r— R} R? .
vt = e Bt e

(13)

. o . 1 Ry (t)
IR AT By [ 02
Ry,
x4nr2dr 153, B
By = 2npR? (53451%3, + ARyRe + QR?) L (14)

Ry _ 5—9e+5e3 —¢f
R’ 5(1 —e3)?
= (362 — 15¢* 4 155 — 3¢7) /5(1 — £3)°,

o

e =

)

QDo

= (1—5e% 4+ 9% — 5%) /5(1 — £3)°.
HWK, I B S RETT 2R A

Vi Ry
AW = — / PdVi— [Py+ P (T)]4nRZd Ry
Vio Ryo

By 95
+ / E4nR§dJ~zb,

s Fo (15)
Horts
AW = 4nP\ (RS — RSy + RS — R}) /3
— AW +4no (RE — RY) (16)
Krp
20 Ry
AW, = 4n| R | Py — Po(T)+— ) In —
! n[ bo( ’ ( )+Rb0) ano
~RAT) (7 - 7o) /3]
K (RP-R)) K(R —R}
P]ZP()* l(C b) (b bO)*PA(t)7

3 _ p3 3
RCO RbO RCO

214305-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021)

214305

Forb, Py () 95RB05M ).
HAE (14) A (16) An] 1525 N RAR S <
HM RGP H & (L= E - AW ), fLA

p® (15 — 642 R, — 153 45) R?

(12) RT3 2 BRIE W P 25 AR B RV AE
R I B M B 122 05 R

p1!2}%§ . 2]{'__ f%l
" <9A2 % =)

20

+ pReePRy — Py + -
Ry

A

P(T) + 45—

_ 30Ke®/K, —30e® — 27K’ /K, + 10Ke* /K, + 27e* — 10e

10 + 6AA2p[RCRb
K - K.) » A (K. — Ke%) AyRy 0
K. KR, ’ (17)

K, — Ke3

A
! 5(1 — e2)?

Ay =—

Ay= ————
) 2 KC(E?’—].)’

[KK. (R — RY)) — KKiR))] (R}, — R% + R — R})

R 53 BT P SR AR B TR S Bl ) A R
e AP Z B IR I R A

Py (t) = P SN=I0Y/Nsin (2mft), (18)
K SHUUES % HIFU (high intensity focused
ultrasound) 367 HH 4 FH B SR S 45 2 3.5 MHz, 75
JEBRAE 1 MPa, N1 =10, A% AR G642 55
SR Roo = 1 pm ;. Reo = 30 um , AR BT PR 12
K. =25 GPa. YIRS &) R, Rk
Pt oAk, TE R e B I TR A,
LR e 10 Bt [T AR 55, R4 37 45 4 B v (i) A2
AT AR S st A B AR RV /N, T8 B
P R, A% RS BRI R (] 5(a));
NS s 2R RO 5 Wl 5 M B A B 2, s AR s f
75 LR/, SRR S, SRR

1.7
@) — K.=0.1 GPa
s ---K.=25GPa
6Lk v K0 =5.0 GPa
1.5F
€ 14r
~
Q? 1.3 H
1.2
L1
1.0 :
0 1 2 3 4 °

t/us

K5 AN B FRAR 0 28 AL I 4R S0 AT o B0 2 i

KcREO (REO - RSO)

\
AN (K] 6(a)), X5 Wangl¥ L5 SARST.
PN RERG UL IR, (AR IR R 42
B 5(b) 7 Hr 1A AR IESMABUR R K, 70931
0.1, 2.5 H1 5 GPa I > 42 Bl s 18] A9 28 1
2, XTHRBL, 4 K, N 2.5 GPa i, B S RIF]
Pz BAE LA IR R, TR A I P A3 fix
PO TR A IR GRS EIRIR, 1E
K 6(b) IR T [RIAE R BLE, UL AR 2901
AR RS IRA TR

N[5 50 25 f14 7 JAE FH  J PAL E B
DI ANIA], 25 PN R A R e I, TR AR
Z0F I IR TSR e Bk, WP 7(a) Bz, G
F1% 0 7 ) K 50 8 7 4 03 S DI AR G, EAS SC2
FR 5 PR A BB T, BE 3 B3 P R B A [
LR W R BE AN [R], R AR DR, 75 0

4.0

(b) T Ko=01GPa
a5l , ---K.=2.5 GPa
N v 0= 5.0 GPa
3.0
< 2.5 F
4
= 20t
=z
~

1.5}
2l

0.5

(a) EEFRMBESIRG; (b) #AEN T = EP RS

Fig. 5. Influence of volume modulus of medium outside cavity on vibration behavior: (a) A transient bubble oscillating in a cavity;

(b) a bubble in a confinement subject to an acoustic wave.
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Dynamics of bubbles in spherical liquid cavity
wrapped by elastic medium”
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Abstract

The cavitation effects occur in the ultrasound therapy technology. With the development of ultrasound
therapy technology, cavitation effect in biological tissues has attracted more and more attention. The aim of the
present study is to discuss the factors affecting cavitation nucleation and dynamics in tissues, and to provide a
theoretical reference for the application of cavitation effects to ultrasound therapy. A model is developed for the
cavitation inception in a spherical liquid cavity wrapped by an elastic medium. The Blake threshold value and
the critical radius of the liquid cavity for the generation of spherical bubbles are obtained by the pressure
equilibrium relationship. The effects of the excitation frequency, the volume modulus of the medium and the
volume of the liquid in the cavity on the bubble vibration behavior are analyzed by deriving a bubble dynamic
equation that consider the elastic effect of the medium outside the cavity using Lagrange equation. It is shown
that the volume modulus, initial radius of bubble nucleus and surface tension can affect the Blake threshold
pressure and bubble size, and those form a parameter reference for the control conditions that trigger or inhibit
cavitation. The gas core can rapidly grow to a new equilibrium radius and oscillate under the action of an
acoustic wave, and the bubble equilibrium radius is independent of the external field, but it can affect the
bubble dynamic behavior. When the frequency of the ultrasonic signal is equal to the natural oscillation
frequency of the bubble, the bubble collapses after several periods of intense vibration, and the pressure
fluctuation in the liquid in the cavity is obvious. The response of bubbles under high frequency ultrasonic

driving is relatively weak, and the oscillations of bubbles are dominated by free oscillation.

Keywords: elastic medium, liquid cavity, Blake threshold, cavitation mechanics
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