Dispersion, stretching and direct visualization in 3D
porous media
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Résumé

Geomaterial are complex porous material presenting a wide diversity of structures, which
set the flow kinematic of any fluid through it. The understanding of the mechanisms control-
ling the flow kinematics at the pore scale is however decisive to predict and control transport
processes (dispersion and mixing). Because of the opaque nature of geomaterial, direct vi-
sualizations are particularly challenging in porous material such as soils. However, recent
development of experimental techniques including index matching, allow to develop trans-
parent porous media to perform direct visualization of the flow in these artificial materials.
I will here discuss about how such approach allows to study porous media composed of ran-
domly packed solid monodisperse spheres, allowing to directly visualize the flow within
the bulk of the 3-D media, and to investigate how a blob of dye stretches and get mixed when
injected within such 3-D porous media. Using Particle Image Velocimetry techniques (PIV),
successive scans of the velocity field are used to provide highly resolved experimental recon-
struction of the 3-D Eulerian fluid velocity field in the bulk of the porous media. From the
experimentally measured 3D velocity field, the stretching process (how fluid material
line gets elongated within the flow) and the dispersion process (how a blob of dye explores
its surrounding media) are characterized, and an explanation for the reported anomalous
dispersion will be discussed.
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