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Direct numerical simulation of porous-walled channel flows with structural roughness
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To investigate the influence of roughness over permeable walls on turbulence, direct numerical simulation in
turbulent porous-walled channel flows with porous-ribs are performed by the lattice Boltzmann method. The

porous media presently applied are made of Kelvin cells (tetrakaidecahedra) which imitate open cell foam. From

the instantaneous and statistical results, it is found that when the roughness elements have permeability, the
friction and turbulent kinetic energy becomes weaker near the bottom wall compared with the results of an

impermeable rough wall. These trends could be occured by flows through the roughness elements and relaxation

of the recirculation behind the roughness elements.
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Fig. 1: Computational domain and geometry of the
channel.
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Table 1: Flow characteristics of the simulation.

Case ϕ K/H2 Reb ReK Rep
τ

p0 0 0 3023 0 384

p60 0.60 1.77× 10−5 2972 2.89 322

p95 0.95 1.48× 10−4 2979 8.31 320
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Fig. 2: Iso-surfaces of the second invariant of the veloc-
ity gradient tensor IIt+ = 0.05 for case p95 colored by
the streamwise vorticity, blue-red colors correspond to
−0.5 < ωt+

x
< 0.5.
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Fig. 3: Plane averaged mean velocity profiles.
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Fig. 4: Plane averaged Reynolds shear stress profiles.
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Fig. 5: Plane averaged turbulent kinetic energy profiles.
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