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Sedimentation of elastic circular microfibres1

RADOST WASZKIEWICZ, PIOTR SZYMCZAK, MACIEJ LISICKI, University
of Warsaw, Institute of Theoretical Physics — We study the gravitational sedimen-
tation of a thin, flexible filament bent into the shape of a loop in a viscous fluid
depending on its stiffness. In the Stokesian regime, with a vanishing Reynolds num-
ber elastic forces, gravity, and hydrodynamic drag on the filament balance out to
zero. We account for hydrodynamic interactions using the local slender-body theory
(resistive-force theory), in which the local velocity is linearly related to the local hy-
drodynamic drag force. We model the elastic forces according to the Euler-Bernoulli
beam theory. Depending on the relative strength of gravity and stiffness of the loop,
we observe various regimes of motion. We analyse the stability of a circular solution
known for an infinitely stiff loops when increasing the fibre elasticity. By linear
stability analysis, we identify a single dimensionless parameter (stiffness vs gravity)
that controls the dynamics and find the threshold value determining the stability
of a sedimenting loop. We verify this stability criterion in simulations and analyse
the transition towards the unstable region. Our results give intuitive grounding to
the preference for horizontal orientation seen in sedimenting red blood cells and in
DNA loops which break at locations corresponding to large stress in our model.
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