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Numerical study of the generation of metachronal waves in lay-
ers of beating cilia using a Lattice Boltzmann method. Application to
the generation of fluid motion at the cell scale. JEAN MERCAT, ZHE
LI, JULIEN FAVIER, UMBERTO D’ORTONA, Aix Marseille University, M2P2
UMR7340, France, SEBASTIEN PONCET, Sherbrooke University, Qubec, Canada,
M2P2 TEAM — Cilia are flexible elongated whip-like structures which are ubiqui-
tous in nature. Indeed, the collective beating of arrays of thousands of cilia can
transport fluid (mucus in airways) or induce locomotion on microorganisms swim-
ming in water. From a purely hydrodynamical point of view, cilia do not beat
randomly, but rather generate typical metachronal waves at their surface. In this
work, we study the self-organization of the beating motion of large fields of beating
cilia in a two-component flow environment, made of water and a much more viscous
fluid. The numerical solver is based on an immersed boundary-lattice Boltzmann
method in the context of single- and multi-component fluid flows, and in the pres-
ence of fixed or moving solid boundaries. The solver has been validated in previous
studies. Various parameters are varied, such as length, spacing and phase motion of
individual cilia. The energetic performances of different kind of waves are studied
to understand the emergence of antiplectic metachronal waves, commonly observed
in nature. It is found that a purely hydrodynamical coupling between fluid and cilia
can explain the onset of metachronal waves in cilia arrays, and that these waves are
maximizing a performance ratio.
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