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Optically Engineered Fluid Metamaterials
— Synchronization and Fluid Transport in Bubble Arrays —
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Abstract

Manipulation of fluids in microscale channels is important for applications ranging from compact cooling devices
to biochemical analysis. Photothermally generated microbubbles undergo self-excited oscillations at sub-MHz
frequencies and induce local flows reaching 1 m/s. Multipoint laser irradiation enables control of flow direction and
arbitrary bubble arrangements. When arranged in arrays, the bubbles interact through oscillation coupling, giving
rise to collective oscillation modes. These modes expand the variety of flow patterns, enabling fast and complex
manipulation of fluids in microscale channels.





