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Development of new microfluidic devices based on collective motion control of
magnetic rotors
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In this research project, our aim was to explore various patterns of

collective motion exhibited by a group of magnetic micro-objects, specifically magnetic droplets and
magnetic swimmers, when suspended in a fluid and subjected to an external magnetic field. We
analyzed these phenomena from a mechanical perspective and aimed to construct a comprehensive
theoretical framework for controlling collective motion. Through this project, we successfully
demonstrated that the rheological properties and collective motion of ferromagnetic droplets can be
manipulated by applying an external magnetic field in the presence of shear flow. Furthermore, we
observed the emergence of diverse collective motion patterns (such as axial focusing, clustering,
and condensation) of magnetic swimmers under Poiseuille flow, depending on the conditions of the
magnetic field. Our findings are published in five international academic journals.
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