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Motivation
This project focuses on understand-
ing and modeling the relevant pro-
cesses of evaporation. Evaporation is
strongly influenced by the interaction
of different physical processes:

in the free flow
at the interface
inside the porous medium

The main goal is to describe these
processes and to simulate porous-
medium flow with an adjacent free
flow. The developed concept can be
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Figure 1 : Relevant processes for modeling
evaporation from bare soil.

used for improving soil salinization simulations, analyzing water balance re-
lations or technical applications, like fuel cells or drying and cooling processes.

Concept
Porous Medium

REV concept
Darcy’s law
two fluid phases (gas, liquid)
two components (air, water)
non-isothermal

Free Flow
laminar/ turbulent (νt)
Reynolds-averaged Navier-Stokes
single fluid phase (gas)
two component (air, water)
non-isothermal

Coupling
local thermodynamic equilibrium
continuity of fluxes
extension of [5] to turbulent conditions
wall functions for rough interfaces [1, 4]

implementation
monolithic, fully implicit
time: implicit Euler
free flow: box, (future: staggered grid)
porous medium: box, (future: cc)

Analysis
The analysis focuses on the influence of properties and processes like
roughness, boundary layers, heterogeneities, and obstacles on the coupled
free-flow porous-medium interactions.
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p̄ = 1 · 105 Pa
ū = 0.55 − 3.65 m/s

X̄w
g ≈ 0.003

T̄ ≈ 313 K
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Figure 2 : Setup for laboratory evaporation experiments [2], setup of the corresponding numerical
simulation and their results [3].
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Figure 3 : Influence on the porous-medium quantities [3].

Heterogeneity
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Figure 4 : Evaporation rates from heterogeneous soils.

Outlook
Short-Term

further evaluation of heterogeneity results
implementation of new coupling concept (staggered grid-cc)
coupling a simple transport model for the free flow to porous medium (cc-cc)
including gravitational forces

Long-Term
analysis of pore scale effects
reduction of model complexity
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Simulations are performed using the open-source
simulator DuMux.
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