
Abstract: Ultrasonic cavitation represents a widely used process in the industry. Lately, it has been 
applied in modern and effective methods for industrial air pollution control. The phenomenon of 
ultrasonic cavitation, applicable in air pollution control in auto service facilities is based on the principle 
of fragmenting pollutant particles using the ultrasonic frequency produced by a set of ultrasonic 
transducers mounted on the bottom of a tank containing water. The particles, thus transformed into fine 
powder, settle at the bottom of the tank and are purged after a certain time. Polluted air from auto body 
shops is forced to pass through the water tank where the transducers vibrate. Afterward, the 
decontaminated air is expelled through the top of the ultrasonic tank and released into the atmosphere. 
The advantage of this method lies in the fact that polluted industrial spaces can be more easily 
decontaminated at lower costs compared to traditional pollution control methods based on the use of 
mechanical filters. 
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the acoustic intensity Ia , through the equation: 

 Pa CLIa)1/2,   

where  is the density of the liquid medium and CL sound 
speed. 

The initial pressure inside the cavitation bubble is 
given by the equation: 

 Pg,e = P0 – Pvap  R0,   

where P0 is the hydrostatic pressure; Pvap = 3.0 kPa vapor 
pressure in the liquid;  = 0.072 N/m  surface pressure at 
a temperature of 300 K. 

As long as the gas pressure during isothermal 
expansion decreases by a factor z = (Rmax / R0)3 while 
regarding Pvap it is assumed that the chemical composition 
of the gas remains constant when the cavitation bubble hits 
Rmax is a z function. 

Starting from R = Rmax, dR / dt = R (0) the cavitation 
bubble contracts under the external pressure: 

 Pext = P0 Pa,  

where = (2 )
 

 is the acoustic 

pressure at time t. As long as 25 µs, which represents half 
a period at the frequency of 20 kHz of the ultrasonic wave, 
is a much longer time than the implosion time of the 
cavitation bubble, which is only a few µs it can be 
assumed that Pext can be considered constant. This 
approximation works well even at higher frequencies 
because the bubble implosion times are proportionally 
smaller. Therefore, the mechanical work done by the 
liquid in the contraction of a cavitation bubble of radius R 
is given by the equation: 

 = 4 ( )/3 + 4 ( ). 

The outer mechanical work Wext, from which any heat 
is subtracted Hd dissipated in the liquid during the 
implosion of the bubble, must be converted into the kinetic 
energy of convection of the liquid shell of the bubble KEliq, 
plus mechanical compression Wg performed by the gas 
bubble: 

 = + = 2 + , 

where KEliq 2 for an incompressible liquid. The 
power transmitted to the gas is given by the equation: 

 = = [ /(1 )]4 , , 

where Pg is the instantaneous total pressure of the gas 
inside and in the immediate vicinity of the bubble, is the 
density of the gas, kB is Boltzmann's constant, T is the 
temperature of the environment and b = 3.05 E – 2M is 
the Van der Waals constant of water. This mechanical 
action results in heating the gas and changing its chemical 
composition. 

 Wg = Hg + Q.  

The heat Hg = n Cv (  – ) and the chemical 
energy = ( ) can be evaluated from the 
instantaneous chemical composition of the mixture and its 
and from the temperature n which represents the number 
of molecules = , = (0).  

The relation Cv  = kB  is the average 
molecular heat capacity of the mixture,  = Cp / Cv  and 

HFi  is the heat required to form a bubble in J/molecule. 
The values HFi  and  are calculated for the 

temperature of 2000 K. For example, for Pg,e = 1 atm and 
Rmax / R = 10, z = 1xE3 at a temperature of 298 K, the 
polytropic index 

 =
. .

.
10 = 1.34  

is considerably smaller than  = 1.66. 
Losses of water vapor from the bubble during the early 

phase of implosion can slightly increase its values 
compared to those calculated at Rmax. Thus the equation   
Tamb = 300 K becomes: 

 = 300 + ( 1)/ , 

  + . 

At equilibrium, all possible reactions between O- and 
H- containing two atoms can occur (O2, H2), of three 
atoms (HO2, O3) and four atoms (H2O2) Xi as presented 
below: 

+  + + , 

+ + + , 

+H + , 

2 + , 

+ + , 

2 + + , 

2 + + , 

+ + + , 

2 + , 

2 + + , 

+ + , 

+ + . 
 
3.  PHASES OF THE APPEARANCE OF THE 

CAVITATION BUBBLE IMPLOSION  
 

The four phases, filmed, of the appearance and 
implosion of a cavitation bubble are shown in Fig. 1. 

The formation of the cavitation bubble takes place as a 
result of a stretch-compression process with ultrasonic 
level frequencies, as can be seen in Fig. 2. 

 

 
Fig 1. Formation and implosion of a cavitation bubble: 

a – the formation of the cavitation bubble; b – expansion of the 
bubble; c, d – implosion of the cavity bubble. 

 
Fig. 2. The stretching-compression process with ultrasonic 

frequency that leads to the formation of the cavitation bubble. 
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Table 1 
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