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Figure 1 The dependency of the ratio of scattering coefficients 4'/A4

A1

on the angular frequency @ when the bubble’s radius is 10 m.
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Figure 2 The dependency of the ratio of scattering coefficients

W'/W  on the angular frequency @ when the bubble’s radius is 10°m.
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Figure 3 Coordinate system and the description of corresponding
parameter.
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Figure 4 The dependency of the maximum of the module of the
equivalent incident sound pressure amplitude on the angular frequ-
ency @ when the bubble’s radius is 107 m.

D7 S NI P 3 75 TR R I A e BT B p'ofpe
b ol A2 1k, B R AR T O AR R 4y B H A
B=4/3)NmR’. a4, N7 3% A 3R AR )
PRAR 3 238 ] R S RN 7 3 7 A s e . I e R
PULE: MRS R 0 AR b T 10° rad/s LA B,
Plelpe ZI5ET 1, UL BE RIS BN WA 1 7K A R )
SEMRE /N, AH M IK S 75 R KA AR AR T 107 rad/s LR

B2 30k

i, WIZRBLA p'o/pe (AEWI /N1, HEEIKS) 7 A
BRI T /DS W SRR A R WA R T 5K
AR IS MR, LY T 5K 7 2% /> 5 2807 s
PRI 1B KA. 34k, HIE RS B 2 bt
KB, AL R 2 DA NG S 0
PR R B R, L RAMRBU R & SRR, X
O 18 55 0N S0 7 3 7 s 0 W AL ) e R ALK

3 4ig

XS AR I AR R R U, TR AR AE
SR TR TR A BEL R A I e AR B, AT S ) 3
WA AL RR IO BE, BT LUK 5028 T AR 1R
gk 2 41T R eh U 1 O T — A R
HE R, (%) AN DA R T O 1)
IE@[IS]-

AR SORHBAAR PRI A R R A 52 R T
TR TS, T B T SR A
R, B R T 5K 0 AN P O AR B O
P D AR A AN TR RE B 1) S . AE 3R T 7K ) R AA
i A I 3 A1 2, JF FLIBAR SR 5K 77 45 3K 3h 75 3 19 £
P LY /N T 10 rad/s TS DL T, R I UG R 2508
{H L HU DR KM K. AR SO Prish e g
IR I LN T 10 rad/s N, W) ARSKTH
5K 73 %58 S NS 7 3 7 s 3 R 2 7 AR K
BT LA, X6 15 5 RS 32 AR 1 2 Tk 9K e R
UM RS2, 55 KA T AR i) B AT

1 Prosperetti A, Crum L A, Commander K W. Nonlinear bubble dynamics. J Acoust Soc Am, 1988, 83(2): 502-514
2 Commander K W, Prosperetti A. Linear pressure waves in bubbly liquids: Comparison between theory and experiments. J Acoust Soc Am,

1989, 85(2): 732-746

3 Brujan E A. Bubble dynamics in a compressible shear-thinning liquid. Fluid Dyn Res, 1998, 23(5): 291-318
4 Vanhille C, Campos-Pozuelo C. A numerical formulation for nonlinear ultrasonic waves propagation in fluids. Ultrasonics, 2004, 42(10):

1123-1128

5 Kudryashov N A, Sinelshchikov D I. Nonlinear waves in bubbly liquids with consideration for viscosity and heat transfer. Phys Lett A, 2010,

374(19-20): 20112016

6 Kudryashov N A, Sinelshchikov D I. Nonlinear evolution equations for describing waves in bubbly liquids with viscosity and heat transfer

consideration. Appl Math Comput, 2010, 217(1): 414-421

7 kLT, RIER, FRHIF. FEEEANCE CAR). Mat PR ARG, 2001
8 Devin CJ. Survey of thermal radiation and viscous damping of pulsating air bubbles in water. J Acoust Soc Am, 1959, 31(12): 1654-1667
9 Welsby V G, Safar M H. Acoustic nonlinearity due to micro-bubbles in water. Acustica, 1970, 22: 177-182
10  Qian Z W. Soundinteraction among bubbles in water (in Chinese). Acta Phys Sin, 1981, 30(4): 442—447 [54H 3¢, /K< I82 a] 1 75 AH B

921



FI A WRARRR IR GK 76 L U (K5

11

12

13

14

15

16

17

18

922

fEF. YBi2E4R, 1981, 30(4): 442-447]

Wang H B. Analysis of multi-body multi-dispersion model for bubble screen (in Chinese). Ship Eng, 2006, 28(3): 30-33 [ UL, /K<
TFEI 2 0K 2 U0 SO AL 40 B, AN T FE, 2006, 28(3): 30-33]

Sage K A, George J, Uberall H. Multipole resonances in sound scattering from gas bubbles in a liquid. J Acoust Soc Am, 1979, 65(6):
1413-1422

Gaunaurd G C, Uberall H. Resonance of theory of bubbly liquids. J Acoust Soc Am, 1981, 69(2): 362—370

Ye Z. On sound scattering and attenuation of albunex bubbles. J Acoust Soc Am, 1996, 100(4): 20112028

Chen J S, Zhu Z M. Sound scattering characteristics of bubbles with viscoelastic shells (in Chinese). Acta Acustica, 2005, 30(5): 386—-392
[, ARE R KRB R R A IR M. A% 4R, 2005, 30(5): 386-392]

Akhatov |, Gumerov N, Ohl C D, et al. The role of surface tension in stable single-bubble sonoluminescence. Phys Rev Lett, 1997, 78(2):
227-230

Louisnard O. A simple model of ultrasound propagation in a cavitating liquid. Part I: Theory, nonlinear attenuation and traveling wave
generation. Ultrasonics Sonochem, 2012, 19(1): 5665

Jiménez-Fernandez J, Crespo A. Bubble oscillation and inertial cavitation in viscoelastic fluids. Ultrasonics, 2005, 43(8): 643-651

The influence of the surface tension of the liquid on bubble’s
acoustic scattering

WANG Yong, LIN ShuYu™ & ZHANG XiaoL.i
Institute of Applied Acoustics Shaanxi Normal University, Xi’an 710062, China

In this situation, the influence of surface tension of liquid on the bubble’s acoustic scattering is studied when the
surface tension of liquid is equivalent to the static pressure of liquid. The continuity equation of velocity and pressure
in the bubble’s surface is established, and the bubble’s surface tension of liquid is introduced into the continuity
equation. We got the scattering coefficient and the scattering sound power of a single bubble in a symmetric vibration
mode, and further deduced the equivalent incident sound field in the case of multi-bubble conditions. Numerical
analysis shows that spherical bubble radius is about 10° m when the surface tension equivalent to the liquid static
pressure, in this case, the influence of bubble’s surface tension of liquid on the scattering coefficient and the
scattering sound power of the single bubble can be shown when the angular frequency of the driving acoustic
pressure is less than 10°rad/s. In the case of multiple bubbles, it will have a greater impact on the sound pressure
amplitude of the equivalent incident sound field. While the influence will not appear clearly if the angular frequency
of the driving acoustic pressure is bigger than 10° rad/s. For the acoustic scattering problem of bubbles, it bases on the
specific issue to choose whether the surface tension of liquid should be taken into consideration.

bubbles liquid, acoustic scattering, surface tension, microbubble
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