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Summary In this work, we consider a single non-Brownian mobile anxiffie fiber immersed in Poiseuille flow in a channel consigtin
of two parallel infinite walls. The dynamics of the fiber is kxaed numerically from the Stokes equations by a multipulde
HYDROMULTIPOLE. Investigating the fiber dynamics we found out that fibersratgto a critical position across the channel. The
distance between the wall and a limiting position dependsefiber elongation and flexibility. For more stiff fibers ttrétical position
results from the interplay between their tendency to drifay from the channel and the repulsive hydrodynamic intemaavith the
wall. For less stiff fibers the limiting position is not infloeed by the presence of the wall. Differences between thieaiposition for
different fibers can be used in the process of microfibersragpa by the flow.

INTRODUCTION

Migration of fibers in Poiseuille flow [1, 2, 3, 4, 5] is the fumtiental problem of modern lab-on-chip hydrodynamics,
important in various biological, medical and industriahtexts. Dynamics of flexible fibers in simple shear and Pdliseu
flows has been analyzed theoretically, numerically and ixyatally in numerous publications [6, 7, 8,9, 10, 11, 13,1

In our previous papers [14, 15] we investigated dynamicsbefrfi in Poiseuille flow. In particular, in Ref. [15] we found
out that the migration rate towards the central plane of thenoel can be increased by a suitable choice of the fiber
stiffness, aspect ratio and distance from the wall. But &tain values of these parameters, fibers migrate away fiem t
central plane. As we showed in [16], the migration procesh#@acterized by a critical distanegfrom the wall where
fibers tend to accumulate. In this paper we describe in detailv the accumulation points depend on stiffness and
aspect ratios of fibers.

SYSTEM AND METHOD

We study motion and shape deformation of a single non-Bramwfiexible fiber in Poiseuille flow with negligible inertia.
The fluid is bounded by two planar solid wallsat= 0 andz = h, with the Poiseuille flow velocityw, = 4v,,z(h —
z)/h?%. The stick boundary conditions are satisfied at the surfa¢eeofiber and at the solid walls, which confine the
fluid. At infinity, the fluid velocityv = vq. To characterize a single fiber the bead model is used [17]. & lrand

is constructed out oV solid spherical particles of diametémwhich can move with respect to each other. The relative
motion of the beads results from elastic and bending for€he.stretching parametérof Hook's law of a fiber is large
and fixed. We change the bending stiffness of a fiber which igsmed as the ratid of the bending force to a force
related to the ambient Poiseuille flow of a given amplitugle The straight configuration is the equilibrium configuratio
of the fiber. Initially the fiber is straight and placed alohg flow with distances between the bead surfaces very small
with respect tal. Therefore the motion of the fiber takes place in a singleqldihe dynamics of the fiber is calculated
by the multipole method of solving the Stokes equations,[iBplemented in the numerical coger DROMULTIPOLE
[19]. From now on distances will be normalized by the fibeckhiessd, velocities by the maximal velocity,,, of the
Poiseuille flow, forces by, = nndv,,, and time byty = d/v,,.

RESULTS

Dynamics of fibers has been evaluated for initial configoratiwith different initial distances from the wal) and
different values of the fiber elongatio and stiffnessA. We have considered fibers witi = 5,10 and 20 beads,
shorter than the channel width= 50, for several value of the stiffness parameftein the range).025 <A<2. Fig. 1
shows evolution of a fiber center-of-mass(t), starting from different values,, for fiber elongationV = 5 and10, and
the stiffness parameter = 0.025, 0.2 and1. Positions of the fibers, which move towards (away from) theti@al plane
of the channel are plotted in red (blue). Each fiber migratestds a certain critical distance from the wall The value
of z. is a function of the stiffnesd and the elongatioV, as shown in the caption of Fig. 1.

We have found out that for a large stiffness, shorter fibeih(W = 5) accumulate at a critical position much closer
to the wall than the longer ones (wiffi = 10), only a bit smaller than the fiber length,</N. However,z. significantly
increases and exceedswhen A becomes sufficiently small. For short and stiff fibeds &€ 5, A = 0.2, 1) the critical
position is equal ta:;. = 4.3 £0.1 (Fig. 1 a,b), but for more flexible fibersi(= 0.025), it becomes much (more than
three times) larger,. = 16.81 +0.05 (Fig. 1 c). The same tendency is observed for longer fibets Wit= 10. For more
stiff fibers (V = 10, A = 1), the critical distance. = 7.5 +0.1 (Fig. 1 d); but more flexible4 = 0.2) fibers accumulate
at a much larger critical distance from the wall,= 15.9 +0.1 (Fig. 1 e). It seems that accumulation of stiff fibers is
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Figure 1. Evolution of a fiber center-of-mass,, starting from different positions,,(0) = zo, and for different values of fiber
elongationN and stiffnessA. Here,z =0 andz = 25 correspond to the wall and the central plane of the chanegpectively. Fiber
centers of mass tend to reach a critical distanciom the wall, withz. = 4.3, 4.3, 16.81, 7.5, 14.45 for the panels a, b, c, d, e,
respectively.

caused by the wall, which prevents them from escaping. Blefibers accumulate owing to their shape deformation and
the flow curvature, independently of the wall. This expl&mais confirmed by simulations performed in the same system
but without walls. For more flexible fibers, is practically the same both with and without the walls. Hegre more
stiff fibers in the absence of walls migrate out of the chapmbhtever is their initial position across the flow; therads
accumulation points, in contrast to the system with theswvall

CONCLUSIONS

We have proposed a method to separate non-Brownian flexiblefibers, depending on their length and bending stiff-
ness. Our key finding is that fibers with different lengths aliféerent ratiosA of the bending stiffness to the flow
amplitude, tend to accumulate at significantly differeitical distances. from the wall.
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