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Numerical simulation of acoustic modal characteristics of cavity structure of
dry ultrasonic cleaning head
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Abstract ; This article aims to explore the flow field and sound field characteristics of the cavity structure of the dry
ultrasonic cleaning head. According to the ultrasonic sounding mechanism of the dry ultrasonic cleaning head, a
3 mm cavity (small cavity) structure that generates sound through the hydrodynamic interaction between fluids and
a 10 mm cavity (large cavity) structure that generates sound through the resonant interaction between fluid and
acoustic mode are designed. The designed square cavity is numerically studied by the computational fluid dynamics
( computational fluid dynamics, CFD) method. The results show that the two structures have similar flow field
characteristics, and the flow-induced oscillation of the small cavity is more intense under the same pressure. As the
pressure increases, the maximum velocity in the cavity increases and the growth rate of the maximum velocity
decreases. The growth rates of the maximum velocity and the maximum velocity are similar for different cavities
under the same pressure. Both structures can produce ultrasonic waves. The ultrasonic sound generation mechanism
is related to the size of the cavity, and the occurrence mechanism is consistent with the predicted value. The
research shows that the design of the channel structure of the dry ultrasonic cleaning head is not limited to the small
cavity where the hydrodynamics interaction between fluids makes the sound, and the large cavity can also produce
strong high-frequency ultrasound, which provides a reference for the structural design of the dry ultrasonic cleaning
head.
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Fig.1 Schematic diagram of dry ultrasonic cleaning mechanism
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Fig.2  Schematic diagram of cavity fluid-induced oscillation
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Fig.3 Schematic diagram of fluid and acoustic modal resonance
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Fig. 13 Frequency domain curve of sound pressure at monitoring points of cavity

F2 NERETNNE S SERIMZERIE
Tab.2 Verification of predicted frequency and actual frequency

of small cavity

&7/ B WE,  EbRE/ T AE T
kPa B m kHz kHz TR2/ %
10 1 19.06 26.72 28.67
20 1 23.17 26.58 12.83
30 1 25.73 27.55 6.61

®3  KERETNNE S SERIMZERIE
Tab.3  Verification of predicted frequency and actual frequency

of large cavity

K1/ ARRD7 SR BUNE, SEPRE/ BUE A

kPa n, ny kHz kHz TRE/ %
1 1 24.04  23.46 2.47
10 1 2 38.01  41.44 8.28
3 4 85.00  82.28 3.31
2% 1 1 24.04  24.51 1.92
1 3 53.76  54.59 1.52
1 1 24.04  23.48 2.39
30 1 2 38.01  41.62 8.67
3 4 85.00  84.90 0.12
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