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Abstract

Coupled flows over patterned surfaces occur in a variety of natural phenomena, biological systems and
industrial processes. By treating the patterned surface as a permeable layer, we formulate a system of
coupled Navier-Stokes/Brinkman equations, which is amenable of analytical solution for the mean
filtration velocity inside the pattern. The latter is used to derive self-similar velocity and shear profiles by
means of intermediate asymptotic analysis in the limit of infinitely small permeability, and for both
laminar and turbulent regimes over the permeable layer. We show that a spatial length scale, related to the
pattern thickness, naturally emerges from the limiting process and suggests a more formal definition of
thin and thick permeable layer. Finally, we employ this effective-medium framework to model channel
turbulent flows over 1) arrays of carbon nanotubes, which can freely deflect under the shear exerted by
the fluid flowing through and over the forest [1,2], and 2) superhydrophobic ridged surfaces [3]. The
model predictions agree with laboratory experiments for a large range of channel velocities.
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