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Motivation
Focus: modeling and interpretation of evaporative salinization under the
influence of atmospheric processes
At hand: REV-scale model concept, coupling of single-phase
compositional laminar free-flow and a multi-phase compositional
porous-media flow
Project: describe transport and precipitation of dissolved salts
Goal: Determine the limits of state-of-the-art models and improve the
predictability of evaporative salinization
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Figure: Relevant interface processes [1]

Model concept
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Figure: Overview of the model concept

Non-isothermal porous-medium
flow (salt transport)
Non-isothermal laminar (Stokes)
free-flow
Implementation within the modeling
framework of DuMux

Porous media
For each component a mass balance equation is solved:∑

α∈{l,g}

∂(φ%mol,αSαxκα)
∂t

−
∑

α∈{l,g}

∇ ·
{
krα
µα
%mol,αx

κ
αK(∇pα − %αg)

}
−
∑

α∈{l,g}

∇ · (Dκ
pm,α%mol,α∇xκα)−

∑
α∈{l,g}

qκα = 0 ∀ κ ∈ {w, a, s}

qκα =

{
∂(φ%mol,lSl(xsl−xsl,max))

∂t for κ = s, α = l
0 else

One energy balance equation (Local thermal equilibrium):∑
α∈{l,g}

∂ (φ%αuαSα)
∂t

+ ∂ (φsS%sScsST )
∂t

+ (1− φ0)
∂ (%ScST )

∂t

+
∑

α∈{l,g}

∇ · (%αhαvα)−∇ · (λpm∇ T )− qT = 0

Conservation of the precipitated salt and porosity and permeability change
[2] :

∂(φsS%smol,S)
∂t

+ qsł = 0

φ = φ0 − φsS
K

K0
=
(
φ

φ0

)3(1− φ0

1− φ

)2

Free flow
Component mass balance:

∂(%mol,gxκg)
∂t

+∇ · (%mol,gxκgvg)−∇ · (Dκ
g%mol,g∇xκg)− qκg = 0 ∀ κ ∈ {w, a}

Phase mass balance:
∂%g
∂t

+∇ · (%gvg)− qg = 0
Stokes equation for momentum balance [1]:

∂(%gvg)
∂t

+∇ ·
[
pgI− µg(∇vg +∇vTg )

]
− %gg = 0

Energy balance:
∂(%gug)
∂t

+∇ · (%ghgvg)−∇ · (λg∇T )− qT = 0
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Interface
Normal and tangential traction contribution [1]:

n · [(pgI− τ )n]ff = [pg]pm
[(

vg +
√
ki

αBJ µg
τn

)
· t

]ff
= 0

Continuity of fluxes:

[%gvg · n]ff = −[(%gvg + %lvl) · n]pm

[(%mol,gvgxkg −Dg%mol,g∇xkg) · n]ff = −[(%mol,gvgxkg −Dg,pm%mol,g∇xkg
+%mol,lvlxkl −Dl,pm%mol,l∇xkl ) · n]pm

[(%ghgvg − λg∇T ) · n]ff = −[(%ghgvg + %lhlvl − λpm∇T ) · n]pm

Local thermal equilibrium:
[T ]ff = [T ]pm

Local chemical equilibrium:
[xkg]ff = [xkg]pm ∀ κ ∈ {w, a}

Results
Decoupled model:

Initial:

Figure: Evaporative drying Figure: Salinization

Non- isothermal
porous-media flow
Salt transport,
accumulation and
precipitation, mainly
at the top surface
and the
heterogeneity
interface

Change in porosity and permeability resulted from salt precipitation

Coupled model:

Figure: Evaporative drying Figure: Salinization

Isothermal porous-media
flow
Salt transport,
accumulation and
precipitation at the top
surface
Change in porosity and
permeability
So far, no precipitation is
observed along vertical
heterogeneity interface

Outlook
Following issues need to be addressed in detail:

Extension of the coupled model to handle non-isothermal scenario
Test alternative models to describe change in porosity and permeability
Transport for dissolved salt species (e.g. Na+ and Cl−) and reactive
precipitation
Validity of chemical equilibrium at the interface
Effects of turbulence and solar radiation on salinization
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