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We study the Lagrangian dynamics of steady three-dimensional (3D) Stokes flow over granular media con-
sisting of simple cubic (SC) and body-centered cubic (BCC) lattices of closed-packed spheres, and uncover the
mechanisms governing chaotic fluid advection. Due to the cusp-shaped sphere contacts, the topology of the
skin friction field is fundamentally different from that of continuous (non-granular) media (e.g. open pore
networks), with significant implications for fluid advection. Weak symmetry breaking of the flow orientation
with respect to the lattice symmetries imparts a transition from regular advection to strong chaotic advection
in the BCC lattice, whereas the SC lattice only exhibits weak advective mixing. Using a numerical simulation
of the flow at various flow orientations, we quantify the strength of chaotic mixing from the Lyapunov expo-
nent, and examine how it is distributed over the parameter space of mean flow orientation [1]. We furthermore
analyze the flow topology and show that the occurrence of chaotic advective mixing is controlled by the exis-
tence within the flow of transverse intersections between stable and unstable manifolds originating from the
spheres [1]. These insights are used to develop accurate predictions of the Lyapunov exponent distribution
over possible flow orientations [2]. The difference of behavior observed for the SC and BCC lattices, which
share the same symmetry point group, results from their different space group symmetries: a glide symmetry
of the BCC lattice allows the occurrence of chaotic advection [1]. These results point to a general theory of
advective mixing and dispersion based upon the inherent symmetries of arbitrary crystalline structures.
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