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We consider the flow of dilute polymer solution through model porous media consisting of an array of cylin-
ders. Our recent results (Mokhtari et al. 2022) demonstrate that birefringent strands are key in understanding
viscoelastic effects in such systems. These strands act as a distribution of tangential forces that reduce the
velocity in their vicinity and induce a complete reorganization of the flow on large scales within porous struc-
tures.

While being simple, arrays of cylinders have proven useful in capturingmany important mechanisms inherent
to viscoelastic flows past obstacles and have recently attracted a lot of attention (Walkama et al. 2020; Haward
et al. 2021). Walkama et al. (2020) showed that introducing disorder in a staggered geometry locally reduces
polymer stretching and enhances flow stability with a delay in transition to chaos. Haward et al. (2021)
showed a very different arrangement of the strands in staggered and aligned geometries and demonstrated
instead that stagnation points control this transition, independently from the disorder. This raises the question
of the role of the strands in the transition to chaos: Could it thus be that birefringent strands also control the
transition to chaos in porous structures?

Here we use numerical simulations to study the role of the birefringent strands on the flow stability through
crystalline structures of cylinders. Our approach combines a recently developed numerical scheme for vis-
coelastic models of dilute polymer solutions (Mokhtari et al. 2021) with high performance computing. We
find that the strands yield an angle between the direction of the imposed pressure gradient and the average
flow, favouring certain flow directions. This causes a hysteresis of the flow angle and multistability, which
may be fundamental to understand experimental results and transition to chaos.
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