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Fig. 1. Schematic of experiment and numerical model: (a) In
situ observation experiment setup of uniaxial ultrasonic so-
lidification; (b) position of SCN-8.3% H,O solution in equi-
librium phase diagram; (c) numerical model of stress distri-
bution inside dendrite under a stable bubble oscillation. a
stable bubble oscillation.
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Table 1.  Values of parameters in numerical simulation.
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Fig. 2. In situ observation of dendritic growth under the action of stable cavitation: (a) t = 0's; (b) t = 1.02s; (¢c) ¢ = 2.96 s; (d) t =

5.94 s.
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Fig. 3. Influence of dendritic growth velocity induced by a stable cavitation bubble: (a) Evolution of primary dendritic length with

time; (b) variation of local undercooling in one oscillation period; (c¢) relationship between dendritic growth velocity and undercool-

ing by LKT model.
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B4 mFEA AT RSO SRR KA EEN  (a) t=0s;(b) t=024s;(c) t=0.82s; (d) t="5.04s; (e) t =T7.42s; (f) t =
11.26 s

Fig. 4. Images of the interaction between the stable bubble migrating into solid phase and growing dendrites: (a) ¢t = 0's; (b) t =
0.24s; (¢) t=10.82s; (d) t =5.04s; (e) t =742 s; (f) t =11.26 s.

K5 2 RASRG S B A A — B R i BRI SR (a) = 0 ms; (b) ¢ = 2.34 ms; (c) ¢ = 4.68 ms;
(d) t =8.19 ms; (e) t = 9.36 ms; (f) t = 10.11 ms

Fig. 5. Continuous bending until fragmentation of the secondary dendritic arm induced by the stable oscillation bubble: (a) ¢
0 ms; (b) ¢ = 2.34 ms; (¢) t = 4.68 ms; (d) ¢ = 8.19 ms; (e) ¢ = 9.36 ms; (f) ¢ = 10.11 ms.

JEFTIA 12°, 25 Kk 187 AN BRI 9 55 fn 2k, A F L = OCH E ASR A A RS T B
R e X ARSI | i v BT RE (4) AT AR BRI 4R FAE 290 35 pm 1S

RS S IR IR A At i 145 5 1 ) WAE— MR N () 50 ps) B4 R KRS P,
RIS P, PR AT TR W R AR R, i 6(b) Bz, K 6(b) ol LA
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Fig. 6. Effect of a stable oscillation bubble on stress-strain distribution inside the secondary dendritic arm: (a) Bending angle of the

secondary dendritic arm changing over time; (b) radius and pressure calculated by Rayleigh-Plesset equation in one period with an

initial bubble radius of 35 pm; (c) stress distribution at different positions inside the secondary dendritic arm.
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Fig. 7. Evolution process of the free fragments attracted by a neighboring stable bubble at liquid-solid interface with a transforma-
tion into spherical grains: (a)—(e) Images of real-time observation at ¢ = (a) 0's, (b) 2.42 s, (c) 5.20 s, (d) 6.08 s, (e) 8.40 s. (f) The
bubble radius and adsorbed layer thickness over time.
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Fig. 8. Principle of dendritic fragments attracted to a stable cavitation bubble with transformation into spherical grains: (a) Lin-
early oscillation of a steady-state bubble under the ultrasonic wave; (b) dendritic fragments attracted to a bubble and transformed

into spherical grains.
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Mechanism of effect of stable cavitation on dendrite
growth in ultrasonic field”
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(School of Physical Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)
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Abstract

Ultrasonic waves used in liquid alloys can produce refined grain structures, which mainly contributes to
ultrasonic cavitation and acoustic streaming. According to the bubble lifetime and whether they are fragmented
into “daughter” bubbles, acoustic cavitation can be divided into transient cavitation and stable cavitation.
Compared with the transient cavitation, the interaction between stable cavitation bubbles and solidifying alloys
have been rarely investigated previously . In this work, the effect of stable cavitation on the dendritic growth of
succinonitrile (SCN)-8.3% (mole fraction) water organic transparent alloy is systematically investigated by high-
speed digital image technique and numerical simulation. It is found that when the bubble migration direction is
consistent with that of dendritic growth, the periodic high pressure generated in bubble oscillation process
increases the local undercooling, speeding up the dendrites growth effectively. Meanwhile, the concentrated
stress inside dendrites induced by the linearly oscillation of cavitation bubble can break up dendrites into
fragments. Specifically, if there exist stable cavitation bubbles suspended around the liquid-solid interface,
periodically alternating flow field and high shear force in their surrounding liquid phase is produced. As a result,

the nearby dendritic fragments will be attracted to those bubbles and then transformed into spherical grains.
Keywords: power ultrasound, stable cavitation, dendrite growth, undercooling induced by pressure
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