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Fig.1 Dynamics of the coupled driven colloid-active nematics system at strong confinement
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Fig.2 Dynamics of the coupled driven colloid-active nematics system at medium and weak confinement
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Controlling the dynamics of active nematics with driven colloidal particles

Guo Zihan, You Zhihong

(College of Physics and Technology., Xiamen University, Xiamen 361005, China)

Abstract: We study the dynamics of active nematics controlled by colloidal particles with external driving. Basing on the
overset dynamic mesh technique provided by the OpenFOAM package, we develop a solid-fluid interaction model. We analyze
the effects of driven colloids on the active flow fields at different degrees of confinement. In strongly-confined systems, a small
driving on the colloid can guide the symmetry breaking of active nematics, allowing us to control the direction of active flow dy-
namically. At medium confinement, the driven colloid can disrupt the self-organized structured coherent flow, and promote a
simpler uni-directional flow whose direction coincides with that of the external driving. In the case of minimal confinement, the
active nematics exhibits active turbulent flow. In this case, the colloid has limited effects on the flow field due to the inherent
chaotic dynamics. Finally, we also take advantage of this setting to measure the effective viscosity of the active nematics, which
decreases with the activity and shows strong dependence on the flow alignment parameter. Our results shed new light on the
control of dynamics of active fluids, which can potentially benefit fields such as microfluidics and biomedicine.

Keywords: active nematics; colloids; self-organization; flow control;rheology
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