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Table 1.  Physical parameters used in the numerical cal-

culation.
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Fig. 2. Evolutions of (a) radius, (b) translation and (c) de-
formation with time for a cavitation bubble with different
initial translational velocity (vgo ), respectively. Rg = 4.5 pm,
pa = 1.15 x 10° Pa.

184301-3


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. 18 (2021)

184301

PAZHE LI N, BIA 0 SEINE] 5 m/s i, T
PR BRI A L 3 24k, (B A
FEAR R INANBIIE R, FEAL 1R R fe 2 T B0 Y
&

3.2  ¥ATEREEXNSIAIEKIRIISZ T

R T B AEEOER S, SRR
RIE R 1 AR ARER . AER Tl %) (S
M L =a/RULE, 55 3/l 2 1H 2 X FR .
ML= 0ff, HEMIEIREESRER. o< L <1
B, AUAR AL 1 AR, 25 L > 18, S ik
2. % EHHER X FRTE (RIS E R 20 B
B X FR AR ER ), N SR [13, 33, 34] H 5k,
AR XY i, v DA ISR s g
AR 3(a)—(d) sl R O R e TR
V0 HIET 0, 1, 3F1 5 m/s B, HITEA[H] B Z
IFREIEAR. BT ¢ = 0 TR IR BT 2R,
t = 13.42 ps TR MK B e K2R I 208
AR, ¢ = 18.61 ps TR ITHR BN R/ N AR 21
AR, B0 15T 0,1, 315 m/s B, 78 ¢ 55
T 58.04, 56.11, 31.76 F124.76 ps (1 5[] 40 ps)

i, IR HAIE , A5 8K . X U <)
U RS HR BEBOR, SLA TG PR P TR B

3.3 MEFREEXNSIEIFREENIE

SRR 3 R AR RS E P A3 TR B2 SR AE
K sh S22 M E B IS b 2 —. AR Rayleigh-
Taylor (RT) Hl4f |az/R| > LAH & I AFRE
PEZS[E) O RT )6 72 45 B I Y 5 R4k 3,
HIBAZ B ax T BE AW K. 2 ao KT ERIE
KR R, SIS0 K. MR, TS 2
4 PR R W) 46 V-7 3 BE 1Y) Ro-pa AHIEL, TN 4 J7.
P b g 88 43 2R AR PEIX R, IR R4 R
FEAABIXIR. Sy KR AT E X Iy A A 438, H
(B 45 T 3 €0 Xl AR K 68 DX AR (T )
sy,

W 4(a)—(d) TR, Hos0k/Ne (16 4(a)
FIEL 4(b)), AFEE DX AR HP e g 4K 5l 75 s X3
(pa > 0.9 x 10° Pa); B veo FARWIG K (K 4(c)
FEL 4(d)), PG4 FN SR 3l 75 Fe 7R 8/ N 1 X 3
THIG R IATRE T, AR B AR S 1 23 [A) 3 L8
Bk,

I am =0 L = t=0
207 (a) ot —1342ps | (P S 1=13.42 s
------- t=18.61 us cessens £ =18.61 ps
10 |
. - '.\
g .‘ 'f: -
Z 0 . - I
>~ : R 2.
i \'. ,u
. -
—10
----- t =40.00 ps Seeee £ =27.20 ps
=+ t=48.00 ps =+ t=256.00 ps
—20r — t=5804ps [ — t=56.11 ps
i am. =) L am. t=0(
20 [ (c) e t=1342ps [ (@ C e = 13.42 s
e £=1861ps | e t=18.61 ps
0 A -
i -."'.’.__ e -‘.'. g s - -
g S e Sl N
2 0 ol [ HEE ) B £ I
> PN W PR, P
. A L - .
ol ) B T
T = 19.44 ps o )
- t=2424ps t=19.44 s
—20r — t=31.76 ps [ — t=24.76 ps
—20 —10 0 10 20 —20 —10 0 10 20
X/nm X/pm
Bl 3 KRR E &M T, AR 2SR IER  (2) veo = 05 (b) veo = 1 m/s; (¢) vpo = 3 m/s; (d) veo =5 m/s.

Hri Ry = 4.5 um, p, = 1.15 x 10° Pa

Fig. 3. Simulations of shapes of a gas bubble’s oscillation at different times under different initial translational velocity: (a) vzo = 0;
(b) veo =1 m/s; (¢) veo =3 m/s; (d) veo =5 m/s. Rgp = 4.5 pm, p, = 1.15 x 10° Pa.
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Fig. 5. Evolution of bubble’s radius, translation and deformation at different distance d from the antinodal point of acoustical wave.

pa = 1.15 x 10° Pa, Rp = 4.5 pm, vyo = 5 m/s.
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Translation and nonspherical oscillation of
single bubble in ultrasound field"
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Abstract

Based on the perturbation theory and generalized Bernoulli equation, the equations describing the radius,
translation and deformation of a single gas bubble in ultrasonic field are derived. The evolutions of the radius,
displacement and deformation of the bubble with time can be obtained by numerically calculating these
equations. The calculation results show that when the initial radius of the bubble and the driving pressure both
keep constant, the displacement and shape variable of the bubble increase with the augment of the initial
translational velocity of the bubble’s center, and the non-spherical vibration of the bubble becomes more
intense. However, the radial vibration of the bubble almost remains unchanged. When the initial translation
velocity of the bubble is relatively small, the unstable region is concentrated only in the region of high driving
sound pressure in the Ro-p, phase diagram of the bubble. As the initial translational velocity increases, the
region with small radius and driving sound pressure begins to show instability, and the overall unstable region
gradually increases. In addition, a bubble presents different vibration characteristics at different positions in the
acoustic standing wave field. The closer to the antinode of sound wave the bubble is, the greater the radial
amplitude of the bubble’s vibration is. However, the variable of the translation and shape of the bubble are very

small. The error between the plane fractions of the unstable region in the phase diagram of Ro-p, is less than 4%.
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