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Abstract:
Ultrasonic cavitation is the phenomena in which ultrasonic waves are passed through the liquid to produce cavitation bubbles. Owing to the pressure exerted by the collapse of the cavitation bubbles, it erodes the surface of the vessel containing the water. In this work, a piezoelectric transducer is used to produce the ultrasonic sound waves. Then, the acoustic pressure exerted by the cavitation bubbles is determined experimentally and theoretically by simulation. The results indicate that the acoustic pressure is maximum at the cavitation zone near the  horn tip of the transducer and the aluminum foil which is near to the horn of the transducer undergo strong cavitation effect.
Introduction:
It is known that the object in the liquid when subjected to ultrasonic  waves, due to the cavitation bubbles it gets eroded as well as cleaned (ultrasonic cleaning) [1,2]. It is due to the phenomena of ultrasonic cavitation [3]. Ultrasonic waves are the waves with frequency more than 20 kHz. A piezo electric transducer is used to produce the ultrasonic waves and these waves are passed through the water and it produces the cavitation bubbles. At such high frequency, these bubbles begin to collapse each other and produce a local high pressure on the surface of the object thereby causing erosion [4, 5] or cleaning the test piece [6]. Here, I present the results of the effect of the ultrasonic cavitation in the aluminium foil both experimentally and theoretically.
Sonotrode:
A transducer produces both longitudinal and radial vibration modes. A longitudinally vibrating transducer produces a cavitation causing erosion in the aluminium alloy plate in Fig.1&2 [2]
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Fig.1 Erosion of a 0.6 mm aluminum alloy plate during a 3 min exposure in model SR-31
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Fig.2 Erosion of a 1.5 mm aluminum alloy plate during a 5 min exposure in model SR-42 (50 kW).
If the cavitation zone is created away from the metallic vibrating surfaces; there will be no contamination of the liquid with erosion products [7, 8]. The operating parameters of the process will be varied like pressure, power and frequency. The power used for producing concentric cavitation zone is 4kW and a frequency of about 45 kHz [2].
Operating pressure:
The operating pressure system of the transducer have the capability of operating above atmospheric pressureand have very high acoustic cavitation efficiency at a constant power given to the electric generator [9].
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Fig.3For a constant driving voltage 20V, the cavitation efficiency is 40 times higher at 4atm than at 1atm and 80 times greater at 10atm [9] 

Frequency:
                 High frequency ultrasound is generally achieved in the range of 10 and 100 kHz [10]. The frequency depends on the amount of power required for the transducer to produce ultrasonic waves at high frequencies and the power is inversely proportional to the square of the frequency [11]. Frequency depends on the dimensions of the emitter. Povey and Mason 1998 reported that when the emitter length is doubled, the frequency is decreased half [8].
Power intensity:
It is a measure of intensity of the power transmitted from the surface tip of the sonotrode to the medium.It is given by the equation [12]
Pi = P/A [W/m2]........ (1) 
(Neis and Blume, 2003) gave the equation for power intensity [13] for a sonotrode of circular area,
Pi = P/πr2 [W/m2]........ (2)
A power of 360W given to the ultrasonic generator of sonotrode 1cm radius produces power intensity of 114.59W/Cm2.  At the same power, when a sonotrode of smaller radius of 0.5Cm is used, it produces a power intensity of 458.37W/cm2.Thus, we can conclude that power intensity is inversely proportional to the sonotrode radius [10].When the sonotrode radius increases, power intensity decreases and the radius decreases, power intensity increases.
Experimental setup:
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Fig4. Experimental setup of the ultrasonic cavitation
A transducer used is sandwich piezoelectric ultrasonic transducer. It consists of 4 piezoelectric rings made up of piezo ceramic material, cover, nut, horn and Schreiber made up of titanium alloy. The horn of the transducer is 28mm. The signal generator is the IDS Digital phase control 500/100K which is designed and manufactured in Institute of dynamics and Vibration research [14]. Both current and voltage channel is connected to the input of the DPC. The operating paramaters of the DPC are amplifying voltage, current, power, frequency, feedback current and feedback phase. The frequency is set into 22.3 kHz longitudinal mode resonant frequency at λ/2 mode of the transducer.The feedback current and phase is turned on. All the paramaters set in the DPC is saved and loaded into computer control. The output of the Digital phase control 500/100K is connected to the input channel of the Power amplifier QSC 4050 to amplify the signals generated from the DPC [15, 16]. The output of the amplifier is connected to the input of the transducer. The dimensions of the glass vessel are noted using the digital vernier caliper. The glass vessel containing the aluminium foil and water is placed on the moving table under the horn tip of the transducer. Then, the horn tip of the ultrasonic transducer is partly immersed inside the water and the DPC is allowed to run under the specified operating conditions for 30 seconds. During these experiments, the power (feedback current) is also varied to evaluate the cavitation effect on the aluminium foil for each 0.1A

Results and discussions.
Simulation Results:
Before done the experiments, I did the simulation under real conditions. We designed the sandwich piezoelectric transducer in the Solid edge software. Then, I did the simulation in ANSYS Workbench 16.2 version Harmonic response for evaluating the acoustic pressure of the ultrasonic cavitation. I simulated the transducer whose horn tip is partly immersed inside the water containing in the glass vessel and outside the glass vessel there is air (which modeled in the ANSYS design modeler) like what going to do really in lab experimentally.
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Fig.5 ANSYS simulation results of the acoustic pressure of the ultrasonic cavitation.
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Fig. 6 Simulation results of the acoustic pressure probe of the cavitation.
From the figure 5 &6, I came to find the result that the acoustic pressure is maximum ( Red color region ) at the cavitation zone near the horn tip of the transducer.
Experimental Results:
Then, I did the experiments to evaluate and compare the results of my simulation with the experimental one. During my experiment, I varied the feedback current also to evaluate the cavitation effect with respect to the feedback current from 0.5A to 1.1A. 
The following figures will show the effect of acoustic pressure of the ultrasonic cavitation on the aluminium foil at different power values. The dimension of the aluminium foil is 50×60 mm. 
Conclusion:
             The area of the aluminum foil eroded due to ultrasonic cavitation at 1.1A is more and the area of the eroded region decreases when the power is low. From the results, which I got, I conclude that the Stronger cavitation is near the horn tip of the ultrasonic transducer thereby eroded the aluminium foil more which matches with my simulation results. 
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