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EXTENDEDABSTRACT

Introduction: Laser-induced cavitation and the resulting bubble formation
are of great significance, particularly in the context of laser material
processing in liquid environments [1, 2]—and especially in biomedicine and
biophotonics, where precise laser surgeries are performed on transparent cells
and tissues [3]. When a laser beam is focused on a point within a liquid, the
target material (the liquid) undergoes a sudden phase transition, causing the
bubble to expand; this expansion generates a transient acoustic wave that
evolves into a shock wave [4]. The expanding bubble creates a cavity within
the liquid, which subsequently collapses, again emitting an acoustic wave [5].
In this context, the characteristics of the laser itself play a crucial role; the
pulse duration is particularly significant, especially when nanosecond lasers
are employed. Furthermore, the intensity or power of the laser beam can
substantially influence cavitation dynamics.

Methodology: The model employed in this study is the more realistic
Gilmore model for a compressible liquid. This equation allows for the
analysis of the temporal evolution of the bubble radius, the pressure inside
the bubble, and the pressure within the surrounding liquid; surface tension
and liquid viscosity are accounted for in this model. Unlike previous
studies—where simulations typically begin at the point of maximum radius—
the simulations here encompass the entire process, including laser-induced
bubble growth and the expansion to the maximum radius.

Result: The target fluid selected for this simulation is human blood, which is
compared with water. Regarding the temporal evolution of the bubble radius
for the two fluids, the following result was obtained based on the Gilmore
model.

Table 1. Results obtained from the comparison of bubble radii

Liquid Rinax1 (M) Rppgao (um) Rppin (nm)tys(ns)
water 45 12 70.03 736
blood 3.96 7193 86.9 697

Analysis of the pressure within the formed bubble reveals that the
pressure rises more significantly for a bubble in blood than for one in water.
This increase occurs because the bubble reaches its minimum radius sooner,
and the pressure continues to rise until the maximum radius is attained. Over
time, oscillations in the pressure of the bubble in blood virtually disappear,
and the internal gas pressure stabilizes at a constant value; conversely,
pressure oscillations persist in the bubble in water, and their magnitude
exceeds that observed in the blood-based bubble.

Conclusions: In this study, a comprehensive numerical simulation was
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conducted to model bubble formation and growth within blood induced by
laser irradiation. Given the significant advancements in laser surgery,
understanding the effects of laser exposure on the surgical site and the
surrounding blood is crucial, as these effects can be either beneficial or
detrimental to the intended outcome. Consequently, research of this nature—
even if theoretical—can contribute to optimizing conditions for such
surgeries. Although this study focused specifically on laser-induced bubble
formation in blood, several critical factors influencing this phenomenon—
such as laser type and irradiation location, which can alter bubble
dynamics—remain unexplored and offer promising avenues for future
research. The numerical simulation results demonstrated that when blood
serves as the target medium, the resulting bubble exhibits a smaller radius,
fewer oscillations, and, consequently, a lower wall velocity compared to a
bubble formed in water.
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ABSTRACT

Human blood, as a liquid, can be the target of laser radiation most of the time
during laser surgeries. In this case, the bubbles grow under the influence of
the energy received by the liquid from the laser. In this work, for the first
time, using the real Gilmore model for a compressible liquid, the dynamics of
a single spherical bubble induced by laser in human blood and the oscillations
of a bubble inside the blood numerically investigated. For comparison with a
similar liquid, the results will be compared with ordinary water. The
numerical results show that when the base liquid is blood, the radius of
oscillation as well as the number of oscillations of the bubble decreases. The
bubble wall moves at a much slower speed than water.
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