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Abstract: Cavitation commonly occurs in pressure dropping regions and leaves undesirable material
failure yet can be applied as beneficial tools such as ultrasound cleaning. These are all due to the high
pressure waves and possible jets during a bubble collapse. However, the nature of this phenomenon is
extremely fast in time and any exterior existence can sharply impact the bubble dynamics, making
cavitation intractable for researchers. In this study, we propose an approach to measuring the bubble
dynamics with PIV techniques for single and double laser-induced bubbles with and without walls. The
walls consist of three different materials featuring hard (plexiglass), medium (silicon rubber), and soft
(polypropylene plastic) properties. We find for a hard wall, the bubble collapse will be prolonged,
resulting in a jet toward the wall; for a medium wall, this effect will be relieved; for a soft wall, the bubble
will collapse faster compared to the free collapse and the jet goes away from the wall. For the doublebubble cases, as we change the distance and the relative sizes of the bubbles, one collapse interacts with
the other as dynamic pressure fields or they merge together if they are close enough. These findings reveal
that the bubble-bubble and bubble-wall interactions can vary sharply depending on the configurations.
Keywords: laser-induced cavitation, single bubble, double bubbles, near wall collapse, PIV.

1. Introduction
Cavitation is common where the flow is moving fast and low in pressure. These small clouded bubbles
grow and collapse very fast. At the end of a collapse, a great shock forms. Specifically, when a bubble
collapses near a wall, a jet will form in addition. Researches show the shock and the jet may damage the
wall surface [1–3]. However, these achievements are mostly one point based, or one dimensional
measurements, thus a relatively complete and integrated data set is in demand for thoroughly
understanding the nature of cavitation. Specifically, almost all numerical simulations manage to reveal the
complexity of the velocity field during the bubble collapse with the presence of other obstacles nearby [4]
even with the freedom of wall parameter selection [5]. More complicated cases involving two bubbles are
also studied both experimentally [6] and numerically [7], among which, there is clearly a validation gap. In
addition to the complexity of the cavitation bubble itself, the restricted access to accurately creating,
positioning, and measuring two bubbles can merely yield limited case studies. Thankfully, the PIV
technique makes it possible to measure the velocity field and is already applied to related areas such as
cavitating flow measurements [8]. Researchers usually apply this method in a large-scale or/and
continuously flowing applications in which the particles move relatively slowly or/and are naturally mixed
well during the experiments. The PIV technique does provide a 2D even 3D perspective in terms of velocity
fields and theoretically it should be capable of validating the numerical simulations for single, double
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bubbles, and their interaction with different boundaries. Vogel and Lauterborn [9] conducted an early
attempt to measure the velocity field for a single bubble collapsing near a solid boundary with the PIV
technique. They used a continuous laser as well as a deflector instead of a pulsed laser and had two testing
cases in which the standoff distances and bubble sizes were both different. Shangguan et al. [10] later
explored the bubble dynamics in a single case drug delivery application in which the boundary is made of
gelatin. This experiment showed the velocity of some interesting fields but the velocity vectors. Kröninger
et al. [11] confirmed the solidity of the PIV technique for measuring bubble collapse by comparing the
velocity field for a free bubble and a bubble collapsing near a solid boundary experimentally and
numerically. The discrepancy typically stayed within 1% and 3% at the bubble’s maximum but higher at
the time of collapse. They studied two cases with both different standoff distances and bubble sizes with
denser velocity vectors as opposed to studies mentioned above. Yang et al. [12] created bubbles in a cylinder
at four different stand-off distances and visualized the vortices during collapse. This experiment
demonstrated a wider perspective for PIV measurements on cavitation related applications.
To our best knowledge, the current PIV measurements on single and double cavitation bubbles are
limited. We have already learnt a bubble interacts with a boundary differently depending on the material
type. A second bubble also intuitively adds considerable complexity to the whole system. Among available
resources, the case studies are usually insufficient, or the focus is only partially on the velocity
measurement itself. In light of this, a relatively more detailed comparison with testing case integrity is in
demand for better illustrating what is happening in the flow field of different configuration and thus a
more comprehensive understanding for fluid-structure interaction can be hopefully achieved. In this work,
we present a framework for the bubble creation and material setup, with PIV measurements compatible.
This enables us to measure the velocity field up to two bubbles with/without a boundary and the bubbles’
relative sizes, the distances between bubbles, a bubble and the wall, and the wall material can all be chosen
as needed.
2. Experimental Setup
The schematic of our setup is shown in Figure 1. We use two 532 nm Nd:YAG lasers expanded to two
beams to create bubbles. Each beam has a diameter of 35 mm and is focused by a parabolic mirror to create
a bubble. Parabolic Mirror 1 is movable in all three directions, granting us the freedom of establishing any
possible two-bubble configuration. The material plate is mounted on a translation stage as well, which
further improves the system flexibility. The 527 nm dual-headed PIV laser (DM30–527–DH) has a frequency
of 2,500 Hz and a minimum delay of 7 μs at this frequency. The camera we use is a Photron FASTCAM SA
1.1 at 512 x 512. The system is synchronized using a pulse generator (BNC Model 577). The PIV processing
software is powered by DaVis [13]. The particles’ diameters are 1 – 20 μm.

3. Results
We present 5 cases in this part: single bubble with plexiglass (hard), silicon rubber (medium), and
polypropylene plastic (soft) boundaries (1/8’’ inch thickness) at the same standoff distance; two bubbles
with the same and different relative sizes and the same distance between bubble centers. Based on the
experimental configuration, the viewed particle boundaries do not address the actual bubble size. They
only account for about 78% in one dimension. The data start from when the bubble has reached its
maximum (larger bubble if it applies), denoted by Time 0, and followed by several velocity profiles until it
collapses. The field of view is 13 x 13 mm2. The max range for the velocity is 30 m/s. The results are shown
in Figure 2–6.
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Figure 1. The experimental water tank. In addition to the listed components, the dashed square denotes the
view of the camera and the springs mean the material plate and Parabolic Mirror 1 are movable. The
intersections of the two laser beams denote the positions of the two bubbles respectively.

Figure 2. The measured velocity field and its bubble evolution in the views of particles for plexiglass, timed
at 0, 350, 440, and 460 μs.
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Figure 3. The measured velocity field and its bubble evolution in the views of particles for silicon rubber,
timed at 0, 250, 320, and 400 μs.

Figure 4. The measured velocity field and its bubble evolution in the views of particles for polypropylene

plastic, timed at 0, 110, 170, and 210 μs.
It is important to connect the material property to water when we choose materials given they are in
two different states, solid and fluid. Inspired by Cao et al. [5], acoustic impedance, the density multiplied
by sound of speed, is suitable for such connection. In this sense, we consider that, a hard material typically
has one more order of acoustic impedance than that of water, medium close, and soft one order less. We
see that for hard materials shown in Figure 2, it takes longer, about 460 μs from its maximum, for the bubble
to collapse and during the collapse, compared to Figure 3 and 4, a strong jet is formed, potentially damaging
the material surface. We obtained a velocity about 30 m/s with the current laser configuration. This can be
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Figure 5. The measured velocity field and its bubble evolution in the views of particles for two identical
bubbles, timed at 0, 220, 240, and 260 μs.

Figure 6. The measured velocity field and its bubble evolution in the views of particles for two different

bubbles, timed at 250, 320, 400, and 440 μs.
observed in Column 4, Figure 2. A medium material has less impact on the bubble dynamics at smaller
standoff distance compared to harder materials. Although the maximum velocity at bubble collapse is
comparable, a strong jet is not observed as shown in Figure 3. However, the soft material will direct the jet
away from the wall. This is due to the material softness makes it easier to deform than the water movement,
as we find a rightward velocity field between the bubble and the boundary at the very early stage of the
bubble collapse, which is shown in Column 1, Figure 4. Comparing Column 2, Figure 4 and Column 4,
Figure 3, we see the jet is also more concentrated for the medium material. Column 3 and 4, Figure 4 also
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illustrates the toroidal bubble is rotating towards its center as it collapses, rebounds, and moves away from
the wall.
The dynamics is more complex for two bubbles because each bubble will be affected by the other and
the velocity field is coupled. For two identical bubbles, they stay apart before collapse as there is a
stagnation line in the middle, which is shown in Column 2 and 3, Figure 5. The rebound is squeezed up
and down vertically as we see in Column 4, Figure 5, forming a toroidal cavity. The maximum captured
velocity is around 20 m/s, indicating this process is “milder” than the cases in Figure 2 and 3. In Figure 6
we have a smaller bubble on the left and a larger on the right. The smaller bubble will prolong the bigger
bubble, introducing vorticity during the collapse of the bigger one. This can be seen in Column 2, Figure 6.
Also, a ring cavity is formed before collapse, but the geometry is different from the case for two identical
bubbles (compare Column 3, Figure 6 and Column 4, Figure 5). We may read the velocity generally smaller
compared to Figure 2 and 3. The collapse time for the larger bubble is significantly lengthened with the
presence of a smaller bubble compared to a larger one. Here it takes 400 to 440 μs for the larger bubble to
collapse from its maximum, while for two identical bubbles, this time is 240 to 260 μs. We can conclude the
estimate of the maximum velocity should be based on the bubble size, the lifetime, as well as the bubble
configuration. Among these cases, a single bubble with a hard boundary nearby tends to create the largest
velocity and jet at the bubble collapse.
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