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Project description

The project focuses on the modeling and interpretation of evapo-
ration from porous media under the influence of atmospheric pro-
cesses, such as wind and radiation. Our group has developed an
REV-scale model concept which allows the coupling of a laminar
single-phase free flow and a two-phase porous-medium flow under
non-isothermal, compositional flow conditions.

We extend this concept for turbulent flow conditions in the atmo-
spheric part of the model domain and include further processes like
radiation and infiltration.

Free flow

Porous medium

Turbulent free flow

Situation
turbulence cannot be neglected
modeled with the Navier-Stokes equation
expensive simulation
direct numerical simulation (DNS) would limit domain

Ideas and challenges
use Reynolds-averaged Navier-Stokes (RANS)
start with simple turbulence model like k -ε
maybe special wall treatment may be necessary

Coupling

Situation
coupling exists for laminar free flow (Mostaf et al. 2011)
boundary layer effects occur near the interface
Darcy’s law is not valid for high Reynolds flows near the inter-
face

Ideas and challenges
free-flow simulation needs special treatment near interface
include quantified effects and surface roughness from dedi-
cated simulations as effective parameters

Flow in porous media

Situation
creeping flow in the pore spaces
averaged in a representative elementary volume
modeled with Darcy’s law

Ideas and challenges
Forchheimer approach for non-Darcy flow may be necessary

Software

Situation
DuMux in use for Darcy flow and laminar Stokes flow
no RANS solver in DuMux or DUNE PDELab
OpenFOAM contains RANS solver, boundary conditions and it
is widely-used

Ideas and challenges
write own RANS solver
use RANS from OpenFOAM and create efficient interface be-
tween two programs

Free flow

Porous medium

DuMux, DUNE PDELab or OpenFOAM

DuMux

November 2011 Lehrstuhl für Hydromechanik und Hydrosystemmodellierung


