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Abstract 

Cavitation bubble dynamics in narrow gaps confined by rigid boundaries greatly differs from a liquid 
half-space. There exists a regime, where the bubble is created on one side of the gap and collapses on 
the opposite side [1]. Additionally, the jet velocities may be considerably larger. The oscillating 
bubble and the impacting jets form complex boundary layer flows with greatly increased wall shear 
stress. The observations have implications for cleaning applications in narrow spaces. The 
experimental results show that the shear flow generated is active much longer after the collapse of the 
bubble. The results show approximately a 3-fold increase of the shear stress as compared to a liquid 
half space. We also present a space-time graph from numerical simulations. Additionally, the fluid 
dynamics is studied with the motion of particles attached to a substrate and the effect of shear on 
adherent biological cells.   
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Introduction 
Cavitation near boundaries generates large forces on boundaries through normal and tangentially acting stresses. 
Viscosity is responsible to transmit tangential surface forces, which are particularly important for cleaning and 
biological cell applications. After studying the flow in greater detail [2, 3] we became interested on the flow 
occurring between two parallel plates separated by a thin gap [1]. We revealed that cavitation bubbles created might 
migrate from the location where they are created to the opposite plate. Thus the aforementioned forces occur at some 
distance from the bubble creation. This could lead to applications of cleaning in thin gaps such as in stacks of 
membranes for water treatment or to induce forces on cells while preventing a physical contact of the bubble 
generator to the cells.   
Besides the translational movement we have seen considerably higher velocities of the jet using inviscid boundary 
element simulations. This suggests that the wall shear stresses could also be higher in a thin gap as compared to a 
similar sized bubble in a semi-infinite liquid. To test this hypothesis we measure the wall shear stress and 
additionally conduct viscous computational fluid mechanics simulations.  
Then we present results on cleaning and cell removal/drug delivery to show the advantages of the geometry. All 
bubbles presented here are created with a spark discharge using a simple high-voltage sparker. 

Bubble Dynamics 
The experimental setup consists of a piezoelectric igniter connected to two electrodes where the cavitation bubbles 
are created, an oscilloscope (LeCroy HRO 64zi, 2 GHz maximum sampling rate), and a high-speed camera (Photron 
SAX2). The electrodes on a printed circuit board (PCB) are made of copper by an etching method as described by 
[4]; the thickness of the wires is ~125 µm and the separation between them is ~ 150 µm although these dimensions 
vary ~ ±20 µm due to the etching process. The piezoelectric igniter starts the events; it creates a spark between the 
electrodes, which creates a hemispherical cavitation bubble originating from the PCB. To measures the wall shear 
stress a hot film anemometer 55R46 (Dantec Dynamics, 10 kHz bandwidth) is flush mounted in the boundaries, see 
figure 1a. The hot film anemometer and the electrodes were submerged in a cubic container of 75 mm in side and 
mounted on a 3-axis stage; in this way the relative position of the electrodes and the wall shear stress sensor can be 
adjusted accurately. The rising signal detected by the anemometer starts the data acquisition process, the 
oscilloscope triggers then the high-speed camera. The relevant experimental parameters are depicted in figure 1b; H 
is the distance between the walls, Rx the maximum radius attained by the bubble in the horizontal direction and δ is 
the horizontal distance between the center of the bubble and the hot film sensor.  
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Abstract
In order to investigate the potential of the acoustic emission technique in predicting cavitation erosion, laboratory tests were
conducted in a high-speed cavitation tunnel. One face of a cylindrical stainless steel sample was subjected to an annular cavitation
field created by the PREVERO cavitation tunnel [1]. Acoustic emission was measured from the back surface of the sample in order
to detect impacts caused by cavitation bubble or cloud collapses. Cavitation aggressiveness was varied by changing the operating
parameters of the cavitation tunnel. Two different operating points were compared. Collapsing cavitation bubbles lead to impacts
towards the sample surface and they induce elastic waves in the material. A resonance type acoustic emission sensor with a
resonance frequency of 160 kHz captured these waves during the cavitation tests. The acoustic emission waveform was measured
with a sampling frequency of 5 MHz. The sensor was mounted behind the sample using a wave-guide that maintained a transfer
path for the elastic waves to travel from the impacted surface to the sensor. The elastic waves reaching the sensor were observed
as distinguishable bursts in the acoustic emission waveform. Acoustic emission from cavitation impacts was estimated to be about
100 times stronger than acoustic emission from other sources, such as hydrodynamic events or machine vibration. This means that
the signal was almost entirely induced by cavitation. The bursts contain multiple reflections that attenuate in time and that have a
frequency content corresponding to the sensor frequency response. The bursts attenuate quickly enough not to overlap, as the
cavitation events occur with a large enough temporal separation. The hypothesis in this study is that the maximum amplitude of
the acoustic emission event voltage correlates with the strength of the cavitation bubble collapse impacting the surface. Voltage
peak value counting was applied to the acoustic emission waveform data. As the bursts contain multiple amplitude peaks due to
sensor resonance, an envelope function was fitted to the waveform for peak counting. Using this method, each counted voltage
peak value is expected to correspond to a single cavitation impact event. The pulse distribution shows an exponential decrease with
a decreasing voltage peak value rate as the peak voltage increases. This compares well with earlier studies, such as [2] and [3],
where an exponential distribution of bubble collapse amplitudes was found. The results of this study prove acoustic emission as a
direct and non-intrusive method that can be used to monitor cavitation impacts from outside of the cavitation field.
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Introduction

The impact load induced by a cavitation bubble collapsing near a solid boundary has been studied by multiple methods,
both experimental and computational. In a cavitating flow, the impact load determines material damage in a boundary
caused by a single bubble or bubble cloud collapse. Another important factor in material damage is the impact
frequency, as cavitation erosion tends to be a cumulative process [4-6]. The impact distribution that combines the
impact frequency and amplitude of the cavitation impact loads is essential in determining the cavitation intensity of a
flow.

Cavitation impact loads have been measured by various methods. Franc et al. [2] measured the impact loads in the
PREVERO cavitation tunnel with conventional pressure sensors flush-mounted in the cavitation closure region. Hujer
et al. [3] used PVDF pressure sensors, also flush-mounted in the same tunnel. Both of them observed exponential
impact distributions. Hattori et al. [7] studied the impact pressures in an ASTM G-32 vibratory device and Okada et
al. [8] used the same device to calibrate pressure sensors for a Venturi nozzle test. In the vibratory test, the impact
distribution also follows an exponential law. Franc et al. [9] also observed the pits formed by cavitation impacts and
they observed an exponential distribution in the pit size distribution. The pit shape factor or the ratio between pit depth
and pit diameter increases with increasing cavitation intensity, meaning that larger impacts lead to deeper pits [10].

Several authors have studied acoustic emission (AE) as a method to detect and characterize cavitation and cavitation
erosion. Boorsma and Fitzsimmons [11] created a cavitation monitoring method for ship rudders and propellers.
Yongyong and Zaiyang [12] connected the AE-event energy to mass loss in an ASTM-G32 vibratory cavitation
apparatus. Schmidt et al [13; 14] worked on a cavitation detection system based in AE on a prototype Kaplan turbine.
They discovered that with properly placed sensors, cavitation leads to increase in AE root mean squared voltage value,
event energy and fluctuation of both. Van Rijsbergen et al. [15] found that acoustic emission sensors in direct contact
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