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Abstract:
The objective of this study is to investigate bubble parameters that govern the microjet velocity and
their effect on a microjet velocity in order to improve the generation efficiency of a laser-induced
microjet. Furthermore, this study is aimed to investigate the optimum bubble parameters that
maximize the microjet velocity.

Initially, we numerically investigated pressure waves propagating from laser-induced bubbles,
which are the source of laser-induced microjet generation, and clarified the pressure wave path and
the pressure field structure. This study focused only on the number of bubbles, which has been
suggested to be one of the bubble parameters governing microjet velocity. Furthermore, from a
discussion using the volume expansion history of the bubbles, it was concluded that the impulse
decreases as the number of bubbles increases due to inhibited bubble expansion caused by pressure
wave interaction.

Next, we optimized the bubbles to maximize the impulse, which affects the microjet velocity by
using an optimization algorithm. From these results, a semicircular bubble on the microchannel wall
surface was obtained as the optimal solution. Furthermore, the set of solutions obtained during the
bubble optimization process was analyzed using data analysis techniques to obtain the bubble
parameters governing the microjet velocity. The position, number, and volume of bubbles were
obtained as the governing parameters in this investigation.

Finally, bubbles were optimized to maximize energy efficiency (I/E), which is the ratio of total
energy in the bubble E to impulse I, and data obtained in the optimization process was analyzed. A
semicircular bubble on the microchannel wall surface was also obtained as the optimal solution in
this optimization. On the other hand, the position, number of bubbles, volume, and total energy E
were obtained as the governing parameters of the microjet velocity. The reason that E is the governing
parameter was also confirmed by the derivation of an analytical solution that describes the
relationship between E and energy efficiency.




