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Fig. 1. Geometrical schematic of the bubble oscillation and collapse model within the ultrasonic field: (a) Model of single bubble mo-
tion; (b) model of bubble-dendrite interaction; 1, horn; 2, bubble; 3, SCN-H,0 solution; 4, SCN dendrite.

184301-2


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
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. 73, No. 18 (2024) 184301

3 A E T DX T i 0 1E 5% R ) S AR
Hih B4
Pinlet = PO - Pa Sin(UJt)a (8)
AP Py FRMEEE Sy, P, N FEIRE; MR w =
onf, Hirp fOMME TR, ¢ AIRR]. R R I AT
K i W ZS AE BUE T L3R
Py = Py + 80y, /304/[3R3 (Po + 204/ Ro)] / 9. (9)
Horb o, RISy . TR DI BE D) K IR #R
KATHBR AL uw=0.

UL HT SCN-2%H,0 1 Wi 5 1 Ab 1 s 5 3t
I 23],

-n- [—pI—i—,ul (Vu—&—VuT)} n

2 R
Ribg — 4/,61]?7;.

TESIE T I MK, TEAR-E S A F, A
HERE R N A

on = [—pI+m (Vu+ VuT)] -n, (11)

=P - (10)

or = [-pI+m (Vu+Vu')] -7, (12)
A, F 23550 g AR A e B 1) A0 1)
B R LA, DA AL it S TR A6 G J R 3
SV T ) S 2

od
= — 1
=% (13
(9’LL,L'
n-a‘z—p+2,U1E7 (14)

A, do AR BR[0T 2 )0
3. A AR R i [ R TR VT DX 3 Ak, 2o
FAR dg = 0. THHF IR Py B RUE ISR 1
JITH. AR LR 7 7 rh AR 5 15 KA RIS,
B R T2 45, 58 T - IR
P AR AR LS, W BT -1 = A0 DL e
Y RN 1350 Z Y B G, AT AR SE
BFSEAS T L B A A 4 3h &5z 3.

2.2 SHERBREAMHNELE

I B 7 R T A7 ORI 52 6 e (7] i %
T 20 kHz 5 /EH T SCN-2%H,0 & =,
W38 S AR A K AR S BRad R b, DR B AR A
% SCN-2%H,0 % I H i b T Wik o 2 L.
Hrp ) Fim3iiE & R4 25 mmx25 mmx 14 mm

H AR IR AR, R4 12.5 mmx
1 mmx45 mm B35S & FH T 00IAL i A S
PR, MBS RE RS TT LR AR FH R, FTIFUR (Coss-
im LG-RIELF IR, 80 & s R4 L (Pho-
tron Fastcam SA-Z) 42 sE SR b in 523 kit
Z IR SAHEAE. BECREHZEN 40000 fps,
A3 PER R 1024 pixelx512 pixel.
F1 PR R

Table 1.  Values of physical parameters used in

sound and flow field calculations.

LYJBLisTy e Kl
SiEpnkR Ry pm 50
WARHRE py 21 kg/m? 970
HAZERIE P, &) Pa 2330
KK oy P4 102 N/m 3.85
WA ¢ 20 m/s 1500
WARFHEE gy 29 10 Pa-s 2.66
WikEE S P, 10° Pa 1.013
A f kHz 20
SR FREL v 20 / 1.4
SHIYBREL k 2 10° m?/s 2.19
SCNIH Wi E 19 10! Pa 2.11
SCNIHFALL v 019 / 0.33

3 HERGWI
3.1 BEHPENENRZRERR

AN P iR I A N S R S s I R
Kl 2 fiR, Ho S e A i i) 2 B 43 B3R A
TSR AT, PR LT S AR T B 1) K S
PR P, o8 0.4Pg B, SHUIRZARFFERIE, DIABR
it R AR s A, MK g A ek 3 22 AL B A
i, AR o PR 35 2K 43 2 B R o, e
Z4PR. H RAA Sk J ) W ERARAE SERE AK
B, B A . 3 JRR T ORTR R R4
PR AR TR A Al R B A T e K 5 R
.Y SIARFR R I, R KR e IMASER 30 Ry
8.95x10713 m3 Fl 3.32x1013 m3, F KJEIR A 2 4>
KA, BRG] LAk F] 2.43 m/s. i 5r 244k
Dt TERI IR B BE (0—23 ps), UMRFRIE I AK,
FRAFHAT LUAE] 3.935%10 12 m3([&] 3(a)), <
WILHRRR 7.5 5. B SRR, 78 31.17 ps
KA, FHGHE 2 A R4, TR ™= 16 MPa
W) 3R T 160 m/s BP0 (B 3(b)), mm TRs
A BRI, AR TIRIR B 5 T S A AR

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

Y] 32 2 3R Acta Phys. Sin. Vol. 73, No. 18 (2024)

184301

(2) @D 0 1s / /i/é
e

(b) \x\\
(b1) O ps /J///é
o
R

T—a

&l 2
Fig. 2. Bubble morphology and distributions of acoustic field and
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®) e p
m Um
4750
1200
4500 ZT
800 | z
=
1250 2
400 | ‘
410
0F
0.5 1.0 1.5 2.0
P,/Pg
[ A AEfk s (b) e K75 H Bdme K i 5 75 JE IR IR P, G R

Fig. 3. Correlation between bubble dynamics and ultrasonic amplitude: (a) Bubble volume versus time; (b) maximum sound pres-

sure and maximum sound flow versus sound pressure amplitude P,.
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Fig. 4. Stress distribution on the secondary branch during bubble oscillation at a sound pressure amplitude of 0.4Pg: (a) Stress dis-

tribution on the lower surface of the secondary branch; (b) stress on the secondary branch root at different heights.
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Fig. 5. Changes of the deflection angle of the secondary branch with time under different sound pressures: (a) P, = 0.4Pg; (b) P, =

Pg.
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Fig. 6. Mechanism of secondary branch breakage under different sound pressures: (a) Pressure difference between inside and outside

the bubble at 0.4Py and Pg; (b) variation of stress at point A with time at the ultrasonic amplitude of 0.4 Pg; (c) variation of stress

at point A with time at the ultrasonic amplitude of Pg; (d) variation of fragmentation cycle number with sound pressure ampli-

tude P,.
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Fig. 7. Correlation of bubble volume and maximum pressure with the distance of dendrites under acoustic pressure amplitude Pg:
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where the sugfigure shows the morphology of the bubble with the smallest volume; (e) evolution of the maximum pressure in the

fluid with time.
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Fig. 10. Comparison of the numerical results and K-M equation for volume oscillation: (a) Ry = 10 pm; (b) Ry = 50 pm.
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Motion law of cavitation bubbles in ultrasonic field and
mechanism of their interaction with dendrites”

Zhang Xin-Yi ~ Wu Wen-Hua  Wang Jian-Yuan
Zhang Ying  Zhai Wei! Wei Bing-Bo
(School of Physical Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)

( Received 23 May 2024; revised manuscript received 14 August 2024 )

Abstract

Ultrasound treatment (UST) has been demonstrated to be an effective approach to refining the
microstructures of metallic alloys during solidification. The cavitation-induced fragmentation is considered as
the major mechanism for grain refinement in the recent study, but the interaction between dynamic bubble
motion and dendrite behaviour has been rarely investigated previously. In this work, the dynamic behaviour of
cavitation bubbles and their interactions with succinonitrile (SCN)-2% (mole fraction) water organic
transparent alloy are systematically investigated by high-speed digital image technique and numerical
simulation. It is found that increasing the driving pressure transforms the bubble oscillation mode from volume
oscillation to splitting oscillation, which significantly enhances the transient pressure and flow strength in the
liquid. When a dendrite exists below the bubble, the fracture mode of the secondary branch undergoes a
transition from high peripheral fatigue fracture to low peripheral fatigue fracture and to overload fracture with
the increase of the driving acoustic pressure, and the fracture period is shortened in the form of a power
function trend. The closer the bubble is to the dendrite, the longeritudinal radius of the bubble is gradually
larger than the transverse radius during compression, and with the bubble shrink time increasing, the minimum
bubble volume decreases. In addition, the decrease in distance between bubbles and dendrites leads to a
significant reduction in the maximum pressure generated by bubble collapse, while the maximum flow rate
shows a trend of first increasing and then decreasing. When the root radius of the secondary branch decreases
or its length increases, the number of fatigue fracture cycles of the secondary branch decreases significantly. The
calculated bubble expansion and contraction and secondary dendrite rupture processes are basically consistent
with the experimental results, which indicates that the model constructed in this work can accurately predict

the bubble motion and its interaction with dendrite in ultrasonic field.
Keywords: power ultrasound, bubble dynamics, dendrite fragmentation, finite element simulation
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