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A B S T R A C T

Ultrasonic cavitation peening is a potential surface enhancement process. During this process a high input power
is necessary to obtain an effective process result. A small gap, usually less than 1mm, between the sonotrode tip
and the treated surface is also required to avoid substantial energy loss. Due to the high vibration of the so-
notrode, many cavitation bubbles are generated, forming a thin bubbly liquid layer in the small gap. The ca-
vitation bubbles in the layer seriously disturb the sound wave propagation and interact with each other. The
disturbances and interactions change the intensity and the spatial distribution of cavitation bubbles, resulting in
the different interactions between cavitation bubbles and workpiece surfaces. The variations of the interactions
cause different surface properties of the workpieces after ultrasonic cavitation peening. Therefore, quantifying
the ultrasound field in different conditions is of great important to improve the ultrasonic cavitation peening
process. A current model of the sound propagation in the bubbly liquid was already developed but did not
include the bubble interactions. In this work, the bubble interactions are taken into account to improve the
current model. The calculated results of the sound field with the improved model are validated by sonochem-
iluminescence experiments in various standoff distances and vibration amplitudes. Both of the experimental and
the calculated results show that the highest sound pressure is generated when the vibration amplitude is around
25 µm. The strongest cavitation intensity occurs at the gap width of 0.5–0.7 mm.

1. Introduction

Ultrasonic cavitation peening is a novel metal surface enhancement
technology that takes the advantage of the incubation period of metal
materials caused by the power ultrasound [1]. It is inexpensive to
perform and completed without the obvious increase of the surface
roughness. The main part -. a piezoelectric transducer that generates
vibrations, has a compact structure and is easy to control [2]. Fur-
thermore, this surface enhancement process is considered as an en-
vironmentally friendly technology since no polluting effluents are
produced [3].

Several investigations on ultrasonic cavitation peening have been
reported in the last decades. Sriraman et al. [5] used a 1.5mm gap
width between the sonotrode tip and the specimen surface to improve
the residual stress introduced by ultrasonic cavitation. The gap width is
defined as the standoff distance Mathias et al. [4] explored the effects of
ultrasonic cavitation on specimen texture at a standoff distance of
0.7 mm. Gao et al. [6] found that the higher vibration amplitude of the
sonotrode can increase the surface hardness when the standoff distance
is 1mm. Sasaki et al. [7] utilized the influences of cavitation peening on

the treated surface to enhance the fatigue life, keeping the standoff
distance at 1mm. Kim et al. [8] used a standoff distance of approxi-
mately 1mm to investigate the damage behavior of Al alloy by ultra-
sonic cavitation. They found that the weight loss increases with the
increase of vibration amplitude. Bai et al. [9] treated an Al alloy spe-
cimen surface utilizing ultrasonic cavitation at a standoff distance of
0.7 mm. It is found that the most significant improvement of micro-
hardness occurs at the end of incubation period. From the sources [5–9]
it can be seen that during ultrasonic cavitation peening, a small standoff
distance is required, usually less than 1mm. After the treatment, the
surface properties are improved significantly. Thus, the investigations
on the cavitation bubbles in thin liquid layers are necessary and im-
portant for the ultrasonic cavitation peening process.

The dynamics (growth and collapses) of cavitation bubbles is
greatly affected by the standoff distance. When the maximum volume of
a cavitation bubble is limited by the standoff distance, the bubble is no
longer spherical. Along with the reduction of the standoff distance, the
shape of cavitation bubbles at the maximum volume changes from an
ellipsoidal shape to a flattened hourglass shape [10]. Correspondingly,
the collapse form changes from splitting collapse to neutral collapse
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[11] When the ratio of the standoff distance to the maximum bubble
diameter is larger than 2.2, the cavitation bubble shows a spherical
form at the expansion stage [12]. To investigate the bubble structures in
a small gap, high-speed photographs were synchronously captured with
the sinusoidal wave signal from the vibratory generator while the fea-
tures of the eroded specimen surfaces were revealed by a scanning
electron microscopy [13]. It is found that the dominant cavitation
erosion is caused by the shock wave from the collapse of the bubble
cluster. To simply and accurately visualize ultrasonic cavitation field,
increasing interests has been paid to the use of sonochemiluminescence
(SCL) [14]. SCL is a phenomenon emitting light which is produced by
the OH− and the sonochemically oxidized luminol. A blue fluorescence
can emit when luminol reacts with the hydroxyl radicals generated by
acoustic cavitation [15]. Many researchers [16–18] studied the cavi-
tation field by taking advantage of SCL which can describe the super-
position of ultrasound waves. The emission can be recorded and eval-
uated by photo with a long time exposure [19].

During ultrasonic cavitation peening, the physical effects of ultra-
sonic cavitation at water-metal interface are utilized to improve the
workpiece surface properties. Thus, the cavitation bubbles near the
workpiece surfaces significantly affect the process results. The dy-
namics (growths and collapses) of cavitation bubbles greatly disturb the
sound field and the bubble sizes depend on the sound pressure. Apart
from the dynamics of bubbles, there are interaction between cavitation
bubbles, disturbing sound field as well. The aim of this paper is to
provide a theoretical and experimental analysis to evaluate the in-
tensity and distribution of cavitation bubbles at different standoff dis-
tances and input power. Although a previous model was developed to
evaluate the sound propagation in a bubbly liquid, the bubble inter-
actions was not considered. To more precisely identify the sound dis-
tribution, in this paper a combination of the sound propagation model
with the bubble interactions and a sound field distribution model is
developed. Then, to verify the model, the SCL experiments are carried
out to show the mean and local distributions of the cavitation bubbles
in the thin bubbly liquid layers.

2. Theory

During ultrasonic cavitation peening, a small standoff distance is
usually used to avoid undesired energy losses. Even a small change of
the standoff distance could have a significant effect on the growth and
collapses of cavitation bubbles. Consequently, the results of ultrasonic
cavitation peening changes with various standoff distances. The gen-
eration of sound waves requires two basic conditions: a wave source
and an elastic medium of sound propagation. In order to describe the
wave motion, the relationship between the sound pressure, the particle
velocity, the changes in density and sound speed has to be established.
By neglecting gravity and assuming the ambient fluid velocity to be
zero, the ambient pressure is then constant. Based on the previous
works [20], the wave motions in an ideal medium can be liberalized as
the modified Helmholtz equation, which is shown in Eq. (1).

∇ + =p k p 0m
2 2 (1)

where p represents the pressure, ∇ is the gradient operator and km is the
wavenumber.

When the sound wave propagates in the bubbly liquid, the incident
sound wave will be scattered by the small bubbles in the liquid, which
leads to a scattering sound field. Besides, the vibrations of the bubbles
also radiate sound field to the ambience. Therefore, these phenomena
interact with each other when the sound wave propagates in the bubbly
liquid.

In the classical linear theory, the average sound speed, density and
pressure are used to describe the related physical parameters in the
bubbly liquid. For the bubbles in the medium, it is assumed that all the
bubbles have the same equilibrium radius and the number of the

bubbles is the same in a unit volume. According to the studies by
Wijngaarden et al. [21], the complex wavenumber km is defined as:
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In this equation, ω is the frequency of the wave and c is the sound
speed in the pure liquid. ω0 and b are the resonance frequency of
bubbles and the damping factor, respectively. a is a bubble radius. The
distributions of the bubble radii are considered as a Gaussian dis-
tribution f(a) as shown in Eq. (3). It is assumed that the bubble radii
ranging from a1 to a2.
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σ is the standard deviation and B is used as a scaling factor for matching
the gas volume fraction. a0 has a value of (a1+ a2)/2.

Based the classical theory, Fuster et al. [23] took into consideration
of the interactions among cavitation bubbles and used Eq. (4) to im-
prove Eq. (2).
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where I0 is the potential from the surrounding bubbles. Pge is the initial
gas pressure, which gives mechanical equilibrium under the reference
liquid pressure P0. Φ is a complex function.
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where Df is the gas thermal diffusivity.
Then the modified resonance frequency and the damping coefficient

are shown in Eq. (7) and Eq. (8), respectively [23].
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The complex wave vector km contains all of the information needed
to calculate the propagation of sound waves in a two phase medium.
Thus the speed of the sound wave and the attenuation coefficient is
deduced in Eq. (9) and Eq. (10), respectively [22].

=c ω
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m (9)

=α kIm( )m m (10)

In the case of a linear relationship of approximately × −2 10 9/Pa
between the bubble volume fraction β and the acoustic pressure am-
plitude p [24], the final volume fraction value can be calculated from
the Eqs. (1) and (2) [29].

The schematic diagram of a typical ultrasonic cavitation peening
system is shown in Fig. 1. In this configuration, cylindrical coordinates
(Rs, θ, z) are used, where Rs is the radius from the center of horn tip, θ
the angle of that radius, and z a length in the direction normal to the
specimen surface. The sound field to be considered can be simplified
and described as follows: the vibration of the horn tip is piston-like and
generates a sound beam in front of it. Then, it is assumed that the ra-
diation surface is a fixed rigid wall at z=0 and the workpiece surface is
a rigid wall at z= L. The sound wave first travels through the cavitation
field in z direction from the radiation surface to the specimen surface in
z direction. Then it gets reflected by the specimen surface and
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propagates towards the radiation surface again. The reflection of the
wave goes on and on in the small gap until the wave totally dissipates in
the bubbly liquid. The other surfaces, i.e. water surface, are considered
as ideal pressure release boundaries.

In the case shown in Fig. 1, the sound source is a flat disc and vi-
brates harmonically in z direction. The flat disc reflects and constrains
the radiation into the half-space with the entire acoustic energy. The
point source is considered as the infinitesimal area dS′. The distance
from point M to the source is r′M while to the center of the flat disc is
rM. Therefore, the total pressure from all the elemental areas is ex-
pressed in Eq. (11) in frequency domain if there is no boundary in front
of the sonotrode tip [24].
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where u0 is the peak amplitude of the transducer velocity. According to
[25], the water surface where pressure vanishes can be assumed as an
ideal pressure-release boundary. In this work, only the sound field in
the gap is calculated. Thus the boundaries excepting the surface of
treated specimen are assumed to be ideal pressure release boundaries.
Eq. (12) describes this situation.

=p r( ) 0M (12)

Regarding the rigid wall, a vanishing derivative of the pressure
normal to the boundary is determined in Eq. (13).
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The sound pressure at any point M is obtained from Eq. (11) using
the complex wave number km with the consideration of bubble inter-
actions. Then, the sound filed without boundary in front of the sono-
trode tip is calculated. Since the standoff distance is small in our model,
the liquid is considered as a liquid with a homogeneous distribution of
cavitation bubbles. The workpiece surface is considered as a rigid wall
which is infinite and directly converts the wave propagation direction.
As a result, the original sound field is overlaid with the reflection sound
filed. The sound pressure is overlapped again and again until the sound
pressure tends to zero. Therefore, the acoustic field with the con-
sideration of bubble interactions is simulated by following the above
description.

3. Simulation of the sound field in bubbly liquid

The sound speed and attenuation coefficient in the bubbly liquid are
initially calculated. The parameters that are needed in the simulations
are provided in Table 1. As validated by Dähnke et al. [25], the bubble

radii ranging from a1=5 µm and a2=3mm while the standard de-
viation σ is set to be 2mm.

According to Eqs. (9) and (10), the attenuation coefficient and the
propagation velocity of sound waves were calculated. Fig. 2(a) shows
the changes of the attenuation coefficient with and without the inter-
action of bubbles. Since the typical volume fraction caused by ultra-
sonic cavitation liquid is up to 1%, in the calculation the range of the
volume fraction is up to 1.7%. It can be seen that the attenuation
coefficient increases with increasing the vapor volume fraction. The
attenuation generally is generally caused by the scattering, absorption
of the incident waves as well as the heat transfer. In the case of bubble
interaction, the attenuation coefficient first increases to its maximum
value at the volume fraction of about 1% and then decreases. Fig. 2(b)
describes the decreasing tendency of the sound speed in the bubbly
liquid with the increase of the volume fraction. As shown in this figure,
the decrease of the sound speed becomes slower at high volume frac-
tions in the both cases. At a high volume fraction both the attenuation
coefficient and the sound speed with bubble interaction is smaller than
those without bubble interaction. Partly compared to the previously
reported experimental data [26], these numerical results with bubble
interactions show a better agreement than the results without bubble
interactions. Thus, these simulation results with bubble interactions
will be used in the following modeling of sound field distribution in a
thin bubbly liquid.

Since high vibration amplitude is required during ultrasonic cavi-
tation peening, in the following simulations, the vibration amplitude of
25 µm, 30 µm, 35 µm and 40 µm, which are corresponding to the
driving current of 0.208 A, 0.250 A, 0.292 A and 0.333 A are in-
vestigated. Moreover, the vibration amplitude of the sonotrode is pro-
portional to the driving current with a relationship of 120 µm/A [28].
The radius and the height of the calculated spatial volume are 5mm
and 8mm, respectively. To obtain the sound field distribution, the in-
tegral in Eq. (11) has to be conducted at each point in the bubbly liquid.

Fig. 1. Scheme of the ultrasonic cavitation peening system.

Table 1
Values of the physical parameters used in the model.

Physical parameters Unit Values

Density ρ (kg/m3) 998.21
Surface tension coefficient σ (N/m) 0.07236
coefficient of viscosity µ (Pa/s) 0.001
Static pressure P0 (Pa) 1.013× 105

Vapor pressure Pge (Pa) 2.34× 103

polytropic exponent K 1
Sound speed of the host liquid c (m/s) 1500
Ratio of specific heats γ 1.4
Gas thermal diffusivity D (m2/s) 2.4×10−4
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In Fig. 3(a)–(d), the sound pressure at the driving currents of 0.208 A,
0.250 A, 0.292 A and 0.333 A are mapped, respectively. From the fig-
ures, some trends can be derived The highest sound pressure always
occurs at the location close to the end of the sonotrode and the dis-
tribution is not uniform due to the sound near-field effects. With in-
creasing the driving current, a very strong damping at the sound source
is caused. This is due to the high bubble density caused by the high

pressure value. As a result, the sound speed will decrease which has
been shown in Fig. 2. Consequently, the sound pressure near the end of
the sonotrode decreases although the vibration amplitude increases.
The simulation distance is 8mm. In this distance the sound pressure
decreases gradually until it tends to vanish due to high attenuation.
Thus, the simulation distance is enough for the following sound pres-
sure analysis.

Fig. 2. Variation of attenuation coefficient (a) and sound speed (b) with the increase of vapor volume fraction.

Fig. 3. Pressure fields for different driving currents at the resonance frequency of 23 kHz: (a) 0.208 A, (b) 0.250 A, (c) 0292 A and (d) 0.333 A.
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Owing to the circular symmetry, the pressure in the XZ plane can be
used to infer the distribution of the sound pressure. As shown in Fig. 4,
the average sound pressure distributions can in brief reflect the dis-
tribution of cavitation bubbles under different situations. The average
pressure means the sum of the sound pressure values along Z direction
are divided by the calculated number of the standoff distances. It can be
seen that the average pressure at the center (Rs=0) becomes smaller
with increasing the driving current. A similar trend takes place at the
edge of the sonotrode surface, but the change is much smaller. There-
fore, the largest difference of the sound pressure distribution occurs at
the central area of the calculated volume.

Using the boundary condition in Eqs. (12) and (13), the distribution
of sound pressure in a small gap can be calculated after several over-
lapping as described in the theory section. Fig. 5 shows the distribution
of sound pressure between the sonotrode and the workpiece at the

standoff distance of 0.3mm (top), 0.7 mm (middle) and 1.3mm
(bottom) and at the driving current of 0.333 A. The figure shows that
the highest sound pressure occurs at the central regions on the sono-
trode tip and the workpiece surface. The strongest cavitation intensity
is also expected to be generated at the central area of the treatment
surface. Nevertheless, the distribution of sound pressure at the standoff
distance of 0.3mm is more even than that at the other standoff dis-
tances. At this standoff distance, the growths and the collapses of the
cavitation bubbles are affected by the small gap, which leads to the
relative small impacts on the workpiece surface. When the standoff
distance increases to 0.7mm, the sound pressure on the workpiece
decreases and the distribution of the sound pressure becomes uneven,
but the impacts are expected to be the largest. It is because there is no
gap limitation and the energy loss is less compared to that at the
standoff distance of 1.3 mm. Thus, the standoff distance of around
0.7 mm is considered as the optimal standoff distance. This was vali-
dated in the previous study of ultrasonic cavitation peening [28], in
which the most severe erosion occurs at the central area and at the
standoff distance of about 0.7 mm. From these figures, the distribution
of sound pressure on the workpiece surface can be directly obtained
instead of the further calculations. The distributions will be analyzed in
the following sections.

As described in this simulation section, the complex wave number
with the consideration of bubble interactions is used in the calculation
of sound field. Then, the sound field with and without boundaries is
obtained. The simulation results will be validated in the following SCL
experiments.

4. Experimental setup and methods

Fig. 6 shows the experimental setup for the investigation of cavi-
tation bubbles in small gaps. The sonotrode was partly immersed in the
reaction solution. The distance between the solution surface and the
sonotrode tip was always kept at 10 mm. The diameter of the tip end is

Fig. 4. The average sound pressure at different driving currents.

Fig. 5. The distribution of sound pressure in different gaps at the driving current of 0.333 A.
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5mm. A Nikon D3100 camera was set below the glass vessel to capture
SCL images (f3.5-6.3, ISO400, focal length 262mm and exposure time
90 s). The transducer used here is a classical sandwich transducer and
ran at its first longitudinal resonance frequency at ∼23 kHz. The
transducer was driven at resonance by a digital phase control unit (IDS
Digital-Phase Control 500/100 k) [27] with a power amplifier QSC
4050. The variations of the standoff distances are adjusted and con-
firmed by a displacement sensor (Solartron LVDT AS/150). In re-
sonance, the vibration displacement amplitude X is proportional to the
current amplitude î [28]. A current probe (Tektronix P6021) was used
to measure the current values.

The solution used in the experiments consisted of luminol
(C8H7N3O2) (0.004mol/L), NaOH (0.1mol/L) and pure water. The
standoff distance was varied between 0.1mm and 1.3mm with the
interval of 0.1 mm. Different driving currents 0.125 A, 0.208 A,
0.250 A, 0.292 A and 0.333 A were applied. At each standoff distance
and with each driving current, five photos were taken corresponding to
different driving currents. All of the experiments were carried out in a
dark room.

5. Experimental results and discussion

In this section, the simulation results and the experimental results
will be compared and analyzed. In order to minimize the distraction of
the background light, the relative light intensity which is the difference
between the original light intensity and the background light intensity
was used. According to the previous investigation [30], the energy of
the light radiated is proportional to the energy stored in a bubble.
Therefore, with the same initial bubble size, the larger the maximum
diameter of the bubble, the stronger the light intensity. The maximum
bubble size depends on the sound pressure. Thus, the distribution of
sound pressure can be identified by the SCL relative intensity. The mean
values of the SCL relative intensities are shown in Fig. 7.

When the driving current is 0.125 A, the SCL relative intensity
fluctuates in the range of 1 and 6. The value of the SCL relative intensity
at this low driving current is smaller than that at other high driving
currents, since low driving current does not have enough energy to
generate strong cavitation. Thus, at the driving current of 0.125 A, the
SCL relative intensity is weak and less influenced by the variation of the

standoff distance.
The values of SCL relative intensity at the standoff distance of

0.1 mm are nearly the same for the driving currents of 0.208 A, 0.250 A,
0.292 A and 0.333 A. With the increase of the standoff distance, the
values of SCL relative intensity increase while a lower driving current
exhibits higher values. This is because that the growth and collapses of
the cavitation bubbles are limited by the small gap, the cavitation in-
tensity does not increase even when the input energy becomes higher.
When the driving current increases, both of the sound pressure and the
speed decrease, but the decrease rate of the sound speed is quicker,
which leads to the generation of more cavitation bubbles with smaller
sizes. As a result, both of the concentration of the luminol in the solu-
tion and the cavitation intensity of the single bubble decrease. Thus, the
values of the SCL relative intensity get weaker.

With the increase of the standoff distance, the dynamics of cavita-
tion bubbles is not limited while much energy is emitted. When the
standoff distance increases continuously, many cavitation bubbles exist
in the gap. The cavitation intensity at the bottom of the glass is weaker
than that near the transducer surface. The light caused by SCL is re-
flected, scattered and absorbed by the bubble layer near the surface of

Fig. 6. The SCL experimental setup.

Fig. 7. Mean light intensity distribution at different standoff distances and
driving currents.
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the glass. As a result, the SCL relative intensity decreases again as the
light of SCL is weakened when it travels through the cavitation bubble
layers.

Under our experimental conditions, the mean SCL relative in-
tensities with different driving currents have the similar tendency along
with increasing the standoff distance. The strongest cavitation occurs at
the range of a standoff distance between 0.5 mm and 0.7 mm, since
there is less attenuation and less limitation of rigid walls. The change of
the mean SCL relative intensity at different driving current is also si-
milar to the change of average sound pressure as shown in Fig. 4.
Therefore, this range can be considered as the optimal treatment
standoff distance during ultrasonic cavitation peening. Compared to the
peening results by ultrasonic cavitation in the previous investigation
[28], there are the similar tendencies at different driving current.
However, the results from the SCL experiments should be more precise,
since there are almost changes of the topographies during cavitation
process due to the strong corrosion resistance of the glass bottom.
Therefore, the distribution of the cavitation bubble in the small gaps is
not affected by the change of the workpiece surface topographies.

The mean distributions of cavitation bubbles at different conditions
have been introduced above. However, the local distributions of cavi-
tation bubbles are still essential to investigate, since the near sound
field results in different treatment surface properties on a same work-
piece after ultrasonic cavitation peening process. The local distribution
of the cavitation in small gaps is further studied by analyzing the case at
the driving current of 0.208 A and the standoff distance of 0.7mm. In
order to obtain better results, the photos were rotated every 45 degree
and then the average values were calculated. As shown in Fig. 8(a) the
light intensity is the highest at the centre area. There is a ring area
where the cavitation intensity is higher comparing to other areas except
the centre area. The values of the SCL relative intensity along the dia-
meter is plotted in Fig. 8(b).

Following the above process method, the SCL relative intensities at
the driving current of 0.208 A, 0.250 A, 0.292 A and 0.333 A are shown
in Fig. 9. The strongest SCL relative intensity always occurs at Rs=0. It
is found that at a low driving current, the SCL relative intensity is
stronger than that at a high driving current. The reason has been in-
troduced in the above explanation. Compared to the calculation results,
there is a big difference at the standoff distances between 0.1mm and
0.4 mm in the experiments. In the simulation results, the sound pressure
becomes higher with reducing the standoff distance while for the ex-
periments the cavitation intensity becomes lower along with decreasing
the standoff distance due to the limitation of bubble growth and col-
lapses.

From the above description, the effects of different standoff dis-
tances on the SCL relative intensity are clearly illustrated. However, the
distributions of cavitation bubbles at a fixed standoff distance but dif-
ferent driving currents are still required for a complete understanding
of the issue. In order to compare the calculation results and the

simulation results on the workpiece surface. The sound pressure on the
workpiece is calculated, since the main effect is caused by the cavita-
tion bubbles near the treated surface. To show the change tendency at
different driving current clearly, the driving current of 0.083 A, 0.125 A
and 0.167 A are simulated additionally. The distribution of the sound
pressure at the standoff distance of 0.3 mm, 0.7mm and 1.3mm are
shown in Fig. 10(a), (b) and (c), respectively. The figures show that the
strongest sound pressure distributes in the central area. The sound
pressure in the central area increases first and then decreases with the
increases of the driving current. It is because that the increase rate of
the vibration amplitude is less than the decrease rate of the sound speed
when the driving current is more than 0.208 A. It also can be seen that
the distribution of the sound pressure become complicated with the
increase of the driving current. This is because the number of the side
lobes of the sound beam increases with the increase of the wave
number. At the same driving current, the output power from the so-
notrode is the same, but the energy density decreases with the increase
the standoff distance. Therefore, the sound pressure decreases with the
increase of the standoff distance.

Fig. 11(a)–(c) show the local distributions of SCL relative intensity
corresponding to the conditions in Fig. 10(a)–(c), respectively. The
primary variation tendency of the SCL relative intensity is similar to the
corresponding variation of the sound pressure. The intensity of the SCL
relative intensity decreases from Rs=0, then a slightly increase occurs
and finally decreases along with the increase of the Rs. The increase
shows a ring area of SCL light when it is observed from the SCL photo.
This is because the effects of the side lobes of the sound beam increase,
which is shown in Fig. 5 as an example. However, the main lobe is still
dominant, which leads to the strongest SCL relative intensity in the
central region. Thus, during ultrasonic cavitation, ring erosion patterns
on the treated workpiece surfaces would be produced. At the standoff
distance of 0.7mm, the ultrasonic cavitation peening process at dif-
ferent driving currents were carried out [9]. The erosion patterns on the
workpiece surfaces are similar as the distribution of the cavitation
bubbles which are captured by the SCL experiments.

From the comparison between the calculation results and the ex-
perimental results, it is found the highest sound pressure and the
strongest cavitation intensity occur at Rs=0. These studies can provide
an estimation of the surface treatment effects for the ultrasonic cavi-
tation peening.

6. Conclusion

In this paper, the sound field distribution model is improved with
the consideration of bubble interactions. Then the SCL experiments
were carried out to compare with the simulation results. In the simu-
lation the sound speed and the attenuation coefficient are calculated
with and without the bubble interactions. It is found that the sound
speed with bubble interactions decreases more rapidly than that

Fig. 8. Photo of SCL and light intensity distribution at the driving current of 0.208 A and the standoff distance of 0.7 mm.
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without bubble interactions at the high volume fraction while the at-
tenuation increases more slowly. As a result, the sound pressure first
increases to a peak at the vibration amplitude of 25 µm and then de-
creases with increasing the vibration amplitude from 10 µm to 40 µm.
Then the mean SCL relative intensity was investigated. The results show

that the strongest SCL relative intensity occurs at the vibration ampli-
tude of 25 µm. In the range of the vibration amplitude between 25 µm
and 40 µm, the strongest cavitation intensity occurs at the standoff
distances of 0.5–0.7mm. For the local distribution of cavitation bub-
bles, the SCL experiments show that the strongest cavitation intensity

Fig. 9. SCL relative intensity distribution at driving currents of (a) 0.208 A, (b) 0.250 A, (c) 0.282 A and (d) 0.333 A.

Fig. 10. The distribution of the local sound pressure distribution at standoff distances of (a) 0.3 mm, (b) 0.7 mm, (c) 1.3 mm.
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occurs at the center of the treated region, which can be validated by the
previous investigations of ultrasonic cavitation peening. Compared to
the calculation results, the big difference is at the range of standoff
distance between 0.1mm and 0.4mm because of the limitation of the
bubble growth and collapses. Due to the interactions of cavitation
bubbles, the violent cavitation reaction always concentrates at the vi-
cinity of Rs, which leads to the slightly difference from the simulation
results as well. However, both the model and the SCL experiments
verify the primary tendency of the cavitation intensity and distribution
at the range of standoff distance between 0.5mm and 1.3mm, which
can provide a guideline for the ultrasonic cavitation peening process.
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