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Motivation
Understanding the impact of transport and precipitation of salt on evapora-
tion from highly saline porous media is crucial in arid areas, salt-marshes,
saline lakes, building materials etc.
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Figure 1: Relevant interface processes for evaporation [3]

This project focuses on modeling the effect of salt distribution and pre-
cipitation on drying characteristics of the medium under the influence of
atmospheric processes, such as laminar/turbulent free flow and solar radia-
tion. Our group has developed a REV-scale model concept which allows
the coupling between a single-phase laminar free flow and a multi-phase
porous-media flow.
We extend this concept to describe transport and precipitation of salt dis-
solved in the fluid phase and include further influence of phenomena such
as wind turbulence, radiation.
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Figure 2: Overview of the model concept

Development of a coupled model composed of:
Porous-medium flow (non-isothermal two-phase three-component flow
described by Darcy’s law)
Laminar/turbulent free flow (non-isothermal single-phase two-component
flow described using the Navier-Stokes equation)
Continuity of fluxes and local thermodynamic equilibrium [3]
Implementation within the modeling framework of DuMux/ DUNE

Ideas and challenges
Describe salt transport and precipitation using REV-scale approach
Influence of salt concentration on the evaporation rate in different drying
regimes
Variation of porosity and permeability due to salt precipitation is not well
understood and rarely discussed
Non-Darcy flow regime at the free-flow – porous-media interaction
Currently, no turbulence model is available in DuMux or DUNE PDELab
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Equations
For each component considered in the model concept a mass balance
equation is solved:
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−qk = 0 ∀ α ε {l, g}, k ε {a, w,NaCl}.

One energy balance equation is considered for the whole system (thermal
equilibrium):
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As a first step, the effect of salt precipitation on porosity and permeability will
be accounted as follows [2]:
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Experiments

Figure 3: Experimental setup at Boston University, Boston, MA [1]

Evaporation experiments for a series of sand columns saturated with differ-
ent concentrations of NaCl solution are conducted using an environmental
chamber at Boston University. The idea is to use following measurements for
the validation of the numerical model:

Evaporation rate, free-flow velocity, humidity
Salt concentration and precipitation distribution
Surface temperature distribution

Outlook
Following issues need to be addressed in detail:

If given relationships are valid/sufficient to describe the porosity and
permeability change?
How does the change in salt concentration and resulting porosity and
permeability affect the evaporation rate?
If salt should be considered as a third phase?
Which turbulence model should be used for free-flow (e.g., k-ε)?
Which approach is suitable to describe free-flow – porous-media interface
(e.g.,Forchheimer)?
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