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In this study, we performed microfluidic experiments to elucidate the
fundamental flow principles that guide the controllability of fluidity in soft particle suspension
systems. Specifically, we investigated the flow of monodisperse water droplets in a continuous oil
phase at various droplet densities using a quasi-two-dimensional microchannel with a thickness much
shorter than its planar dimensions. As a result, we identified the spatial structure of deformation
and the underlying mechanisms of droplet interactions in low and high density conditions. In
low-density flows, hydrodynamic interactions, which are mediated by the flow field generated around
each droplet, were dominant, whereas in high-density flows, contributions from hydrodynamic
interactions and contact interactions with multiple droplets became dominant.
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