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Abstract 
     Computer simulations of bubble oscillations in 
liquid water irradiated with ultrasound are performed 
under various amplitudes of ultrasound and various 
ambient pressures. In the computer simulations, non-
equilibrium evaporation and condensation of water 
vapor at the bubble wall and that of chemical 
reactions of gases and vapor inside a bubble are taken 
into account. The oxidants such as OH radicals, O 
radicals, H2O2 molecules, and O3 molecules are 
created from water vapor inside a bubble when a 
bubble collapses violently and the temperature inside 
a bubble increases dramatically. The computer 
simulations have revealed that there exists the optimal 
bubble temperature, which is about 5,500 K, for the 
production of the oxidants inside an air bubble 
because at higher bubble temperature the oxidants are 
strongly consumed inside a bubble by oxidizing 
nitrogen. Inside an oxygen bubble, on the other hand, 
the amount of the oxidants created inside a bubble 
increases as the temperature inside a bubble increases 
because nitrogen is absent . 
 
Introduction 
   When a liquid is irradiated by a strong ultrasound, 
many tiny gas bubbles appear, which is called acoustic 
cavitation[1]. The tiny bubbles repeat expansion and 
contraction according to the pressure oscillation of 
ultrasound[2]. The speed of the bubble collapse 
sometimes reaches the sound velocity of the liquid[3] 
and the temperature and pressure inside a bubble 
increases dramatically because the work done by the 
liquid to compress the bubble is converted to heat 
which does not escape from the bubble so much by 
thermal conduction due to the high speed of the 
collapse[3,4]. The temperature and pressure inside a 
bubble at the collapse sometimes reach 10,000 K and 
10,000 atm, respectively[3,4]. As a result, water vapor 
inside a bubble is dissociated and oxidants such as OH 
radicals, O radicals, H2O2 molecules, and O3 
molecules are created inside a bubble[5].  The 
oxidants diffuse out of the bubble into the surrounding 
liquid and solutes such as pollutants are dissociated by 
them[6]. Chemical reactions induced by ultrasound 
is called sonochemical reactions[6]. 

In the present study, computer simulations are 
performed for bubble oscillations in water irradiated 

by ultrasound of various pressure amplitudes under 
various ambient pressures in order to study the 
correlation between the bubble temperature at the 
collapse and the amount of oxidants created inside a 
bubble. In the literature[7], it was believed that the 
amount of oxidants created inside a bubble increases 
as the bubble temperature at the collapse increases. 
The present study has revealed that there exists an 
optimum bubble temperature for air bubbles, which is 
about 5,500 K, for the sonochemical production of 
oxidants and that at higher bubble  temperature the 
amount of the oxidants created inside a bubble 
decreases considerably.  
 
Model 
   In the present model, a spherical bubble is 
oscillating according to the pressure oscillation of 
ultrasound with the pressure and temperature inside a 
bubble being spatially uniform except at the thermal 
boundary layer near the bubble wall[8]. In the present 
model, the effect of non-equilibrium evaporation and 
condensation of water vapor at the bubble wall, of 
chemical reactions of gases and vapor inside a bubble, 
of thermal conduction both inside and outside a 
bubble, and of the liquid compressibility are taken 
into account[3,5,8]. Details of the present model is 
described in Refs.[3,5,8].  

In the present study, computer simulations are 
performed for an air bubble and an oxygen bubble. 
For an air bubble, 93 chemical reactions and their 
backward reactions are taken into account. The most 
important chemical reactions are listed in Ref.[5]. 
 
Results 

Computer simulations of bubble oscillations are 
performed under the experimental conditions of 
Refs.[9,10] for various acoustic amplitudes and 
various ambient pressures. The experiment of Ref.[9] 
is for air bubbles and that of Ref.[10] is for oxygen 
bubbles. 
 
(A) Air bubbles 
At first, we will see the calculated results for air 
bubbles under the experimental condition of Ref.[9]. 
The frequency of ultrasound is 140 kHz and the liquid 
temperature is 20oC[9]. The ambient pressure studied 
ranges from 0.29 atm to 1 atm[9](In the calculation, 
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the ambient pressure of 2 atm is also studied). The 
ambient bubble radius is assumed to be 5  µm in the 
present computer simulations because it is a typical 
value at ultrasonic frequency of 140 kHz[11]. The 
computer simulations have revealed that the amount 
of oxidants created inside a bubble, which is OH 
radicals, O radicals, H2O2 molecules and O3 molecules, 
is correlated with the bubble temperature at the 
collapse and that there exists an optimum bubble 
temperature for the production of oxidants, which is 
about 5,500 K[5]. 

It should be noted here that as there exists an 
optimum bubble temperature for the production of the 
oxidants there exists a corresponding optimum 
acoustic amplitude as described in detail in Ref.[5].  
 
(B) Oxygen bubbles 

Now we will see the calculated results for an 
oxygen bubble under the experimental condition of 
Ref.[10]. The frequency of ultrasound is 1 MHz and 
the liquid temperature is 20oC[10]. The ambient 
bubble radius is assumed to be 0.5 µm in the present 
computer simulations because it is a typical value at 
ultrasonic frequency of 1 MHz[11,12]. The ambient 
pressure studied ranges from 1 atm to 3 atm[10]. 

Calculated results show that for an oxygen bubble 
the amount of the oxidants created inside a bubble 
increases as the bubble temperature at the collapse 
increases because nitrogen is absent and the oxidants 
are not consumed much inside a bubble[5]. 
 
Conclusion 
 Computer simulations of bubble oscillations under 
various acoustic amplitudes and various ambient 
pressures have revealed that there exists an optimum 
bubble temperature for the production of oxidants 
such as OH radicals, O radicals, H2O2 molecules, and 
O3 molecules from water vapor inside an air bubble at 
the collapse because at higher bubble temeparture the 
oxidants are strongly consumed by oxidizing nitrogen. 
Correspondingly, there exists an optimum acoustic 
amplitude. For an oxygen bubble, on the other hand, 
the amount of the oxidants created inside a bubble 
increases as the bubble temperature at the collapse 
increases because nitrogen is absent and the oxidants 
are not consumed much inside a bubble. 
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