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Fig. 1. Trajectory diagram of particle motion in a theoretical

vortex field.
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Fig. 2. Bubble fragmentation probability as a function of
bubble radius at different rotation speeds.
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Fig. 3. Variation of bubble fragmentation probability with
rotation speed for different initial bubble radii.
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Fig. 4. Fragmentation characteristics of cavitation bubbles in a turbulent flow field: (a) Schematic diagram of bubble fragmentation

with different initial radii at 1500 rad/min and 2000 rad/min speeds; (b) schematic diagram of bubble fragmentation with different

initial radii at speeds of 1000 rad/min and 1100 rad/min; (c) schematic diagram of bubble fragmentation temperature at different

initial radii at 1500 rad/min and 2000 rad/min speeds; (d) schematic diagram of bubble fragmentation temperature at different ini-

tial radii at speeds of 1000 rad/min and 1100 rad/min.
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123 pm WS, A kAR SIS, RA WG
BALTF 123 pm A BER AR SR, T
IR LA (B S B, 3k 223 AR I AN R
K2 HECR WK, AR T &2 (RO, AR S
Wk [27) BORIFSE, ST I3 32 2 BT Y)Y
YERR, & 7E S 8 L= A B 22 T S BU AR T
S, 25500 HA — /N T R R X P, )
R B L BT YR T Re b, e B
SRR T T A RRIE SR A o e e ) AT
LRI S REIR . IR T S = A A A FH s
HAFAURI TAI B AR I B8, 3852 B BAE
FHE ISR, I8 T A4 7™ A S92k b A S A
HAEF#S— BAFE T T B hi A 54, Bk
Bt B BB AR R & AR T AR B NI LR TR AR B L
PeMG FLh . 2k B i e R 52 8] iR
RIS LK B0 S AR ik 31 <o i e
1) % 1 T 2 A AR

EARTE A, MU 6 o S 3%

FERCREREAR I SR R 2 —, A RE v Kk 75
)23 A B L 25 R BRM L i A2 £k B0 | 38
A2 ROBE S [n) 8, 4 23 7E 5 Be i ox Ak 2L F AT R
g DB AR ARG I P 23 RO, 5 B3 S A 15
TGS A R AR

P 1B T AN B 3T X L ) A R A2
SR SEAE SR BN R, B A HER
AN 0. GnEl 3 7, fEH# 1000 rad/min [
i, A PRFR IEARA S 122.1 pm B, i
LI L TE, BRSNS 0. SR R AH R 1Y 4
K7k, 43 B2 %1 T 500—2000 rad /min %55 451
TRPIIR R SRR R A O R R, B A
WERANT N O B A I AR BRAS R T8 1 B
PEEAR LS. 3 1 AT, 53R 2000 rad /min
F, AR Tk A2 55.5 wm B4 K AR
e, TRIREAESE 3 2000 rad/min BIR T, 7S
IR IK B2 55.5 wm, 7] BESBEAT B K 2 Fe K (H
R AE RIS . 75 25 AR AICR R K s it A
23 AR I RAREE . A 2 I e R
PFE R = e 2 ARy, B0 e R s e (T i
B A AERE IR Y R v R AR, Ok R a3 fk
RN, 1 BUBEAR b2 ARRICR AR, BT USRI i A
FlFRz k.

Fe 1 RIS R B

Table 1. Bubble fragmentation radius corresponding to

different stirring speeds.

T/ Wi T/ T
(rad-min 1) 22 /um (rad-min 1) 22 /um
500 251.1 1200 90.6
600 200.2 1300 85.4
700 175.1 1400 82.5
800 159.3 1500 78.0
900 136.6 1600 71.5
1000 122.1 1800 62.4
1100 99.5 2000 55.5

3.4 HAOWREILSXINLERMNEIE

R T BRI TR TR A AR R, BT
A 75 I [ A LA e Sk 0] 0 STV P 366 T 3 R 1 o fi %
B S8 (FH 2588 /KL AL 10 mg /L 37 F 3 5 7K
V). WA SCRk [33-35] A, SEREVE FHAE 3
— 5 TS T IE VA N 1 3550 A, (A5 75 300 A
AR A), NI R T 23 ARSON 9 IX 38R, 55— 7 T
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R AS R T 75 25 A iy kA=, B AR 1) 76 0 7R
600—1000 rad/min Z [H]. & 5 BRIFFE 25 S X
i L A AR, 33 th P A M ) I e LB L f )
WIXFE RSB EE T, W 1 R, BB 4,
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Troa SRR, X 530K [33] IF R4 R —
B Ak, BEAE B Sy, ] I8 e (U T T
AR AL IR X, 38 F 2B WA EE A K,
ZE AR RIVE T AW SR A T IR
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ROR; RIS, W AE A b i OB AE R I E T 2
] o i 0 SR A, TERAE R R b, RSBk,
T B A0 T BE S RBCRE, RS ANBERY , SR B
123 MR P RE A% 38 B0) Sz ALCRBEAIG, 21T
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Fig. 5. Effect of cavitation in a turbulent flow field on the

degradation of methylene blue.
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Abstract

The liquid vortex flow field plays a crucial role not only in the transfer of matter and heat but also in
significantly affecting the distribution of sound fields, which in turn influences the behavior of bubbles in the
flow. This ultimately affects the phenomenon of acoustic cavitation. Based on the combination of the theory of
bubble fragmentation and the theory of funnel-shaped vortex, in a three-dimensional vortex field. The effect of
the vortex flow field (flow field generated by stirring) on the bubble breakup probability, as well as its
modulation of acoustic cavitation, is investigated in this paper. In addition, the phenomena observed in
experiments are explained. When the stirring speed reaches 1000 rad/min, the degradation effect no longer
shows a monotonic increase, but instead begins to decline.

It is demonstrated that with the increase of stirring speed, the probability of bubble breakup increases
significantly. For instance, when the stirring speed is 1000 rad/min, the probability of bubble breakup is about
0.17%. At a stirring speed of 1500 rad/min, the breakup probability rises to 23%, and at 2000 rad/min, it
reaches 44%. Moreover, the critical radius for bubble breakup decreases. The critical radius, as defined in this
study, refers to the bubble radius at which the probability of breakup becomes nonzero. Experimental data
show that at 600 rad/min, the critical radius for bubble breakup is about 200 pm, while at 2000 rad/min, it
shortens to 55.5 pm. This indicates that in a high-speed rotating vortex field, bubbles may rupture before
reaching their maximum cavitation radius, thus losing their effective cavitation effect.

Further analysis shows that in the vortex flow field, for bubbles with an initial radius smaller than 22.5 pm,
the temperature inside the bubbles upon collapse can reach as high as 2217.3 K (corresponding to an initial
radius of 22.5 pm). For bubbles with an initial radius of 20 pm, the collapse temperature can even reach 2264.3 K.
For bubbles with an initial radius of 40 pm, when the stirring speed does not exceed 1500 rad/min, the bubbles
can still collapse under the action of the sound field, and the temperature inside the bubble upon collapse can
reach 1659.6 K, which is sufficient to trigger off the cavitation effect. However, when the stirring speed exceeds
1500 rad/min, bubbles may break up too quickly and lose their cavitation capacity, thus failing to produce the
expected cavitation effect.

Experimental results further verify that at moderate stirring speeds (600—1000 rad/min), the acoustic
cavitation effect is most pronounced, while excessively high stirring speeds suppress the enhancement of the
degradation effect. This phenomenon suggests that the introduction of the vortex flow field makes the factors
affecting acoustic cavitation more complex. The optimization of the acoustic cavitation effect requires not only
the consideration of the sound field distribution and mass transfer but also the comprehensive factors such as
gas entrainment, bubble aggregation, and breakup. Therefore, a thorough analysis and regulation of these
factors are crucial for the widespread application of acoustic cavitation technology in engineering, with
important theoretical value and practical significance, providing scientific basis and direction for further
optimizing the acoustic cavitation process.

Keywords: acoustic degradation, vortex field, bubble breakage, acoustic cavitation
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