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Fig. 1. Property changes of ultrasonic cavitation of
the double bubbles with different sizes in one period:
(a) Radius of bubble; (b) secondary Bjerknes force;
(c) temperature of bubble.
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Fig. 3. Property changes of ultrasonic cavitation of the
double bubbles with different distances in one period:
(a) Radius of bubble; (b) secondary Bjerknes force;
(c) temperature of bubble.
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Fig. 4. Property changes of ultrasonic cavitation of the double bubbles with different noble gas in one period: (a) Radius
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Abstract

When the distances between bubbles are small enough, the pressure acting on the bubble is not the same as
the external driving pressure, because of the radiation pressure wave of the neighboring bubbles. The force between
two bubbles due to the bubble-radiated pressure waves by the neighboring bubbles is called the secondary Bjerknes
force. Considering the bubble-radiated pressure waves and using the modified Keller-Miksis equation and van der Waals
equation, the changes of the radius, the secondary Bjerknes force and the temperature of the double bubbles, which
have different sizes, interspaces in between, and noble gases, in the process of ultrasonic cavitation are calculated. The
calculations are based on the assumption that the locations of double bubbles stay unchanged in the oscillation process
and their shapes always keep spherical. The double bubbles can also oscillate synchronously under the influence of
the driving ultrasonic field. Because the sound propagation speed in water extremely fast, the time-delay effect on the
secondary Bjerknes force is neglected. From the calculated results, the following conclusions can be drawn: when the
sizes of double bubbles are different, the smaller bubble is more restrained and the temperature change is larger. When
the sizes of double bubbles are the same, the Bjerknes force is negative, indicating that the coupled double bubbles are
attracted to each other during the oscillation and the Bjerknes force has two radial oscillations in one driving period.
As the interspace between double bubbles increases from 100 pm to 1 cm, the secondary Bjerknes force decreases from
107* N to 1078 N, indicating that the interaction between double bubbles increases with the decreasing of the distance
between the bubbles. The coupling double bubbles with different noble gases have only a small difference in maximum
radius in the stage of expansion, but have different oscillation patterns clearly in the stage of rebound. This is because
the bubble expansion process can be seen as an isothermal process, the effective polytropic exponent +y is approximately
equal to 1. The collapse process can be regarded as an adiabatic process, so the effective polytropic exponent v of noble
gas with large molecules changes rapidly, and the influence of the oscillation of the bubbles becomes large. Our work
provides a theoretical basis for establishing the acoustic cavitation model of different-number bubbles, and calculating

the interaction force between different-number bubbles.
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