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Introduction – Motivation
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I salinization
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Introduction – Processes
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Models – Concept

free flow

interface
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Models – Porous Medium Model

porous-medium
flow

I REV concept, Darcy’s law

I two fluid phases (gas, liquid)
I two components (air, water)
I non-isothermal
I pg, Sl, X w

g , T

Models Slide 5/24



Models – Porous Medium Model

porous-medium
flow

I REV concept, Darcy’s law
I two fluid phases (gas, liquid)

I two components (air, water)
I non-isothermal
I pg, Sl, X w

g , T

Models Slide 5/24



Models – Porous Medium Model

porous-medium
flow

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

I non-isothermal
I pg, Sl, X w

g , T

Models Slide 5/24



Models – Porous Medium Model

porous-medium
flow

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

I pg, Sl, X w
g , T

Models Slide 5/24



Models – Porous Medium Model

porous-medium
flow

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

g , T

Models Slide 5/24



Models – Free Flow Model

free flow

I laminar/ turbulent

I single phase (gas)
I two component (air, water)
I non-isothermal
I pg, v , X w

g , T
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Models – Coupling Model

interface

I local thermodynamic equilibrium
I continuity of fluxes
I [Mosthaf et al., 2011]
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Models – Coupling Equations
I mass

I
[(
%gvg

)
· n
]ff

= −
[(
%gvg + %lv l

)
· n
]pm

I momentum (tangential)
I u = 0
I Beavers-Joseph slip-velocity condition

I momentum (normal)
I
[({

%gvgvᵀ
g − τ + pgI

}
n
)
· n
]ff

= ppm
g

I component
I
[
Xκ

g
]ff

=
[
Xκ

g
]pm

I continuity of fluxes

I energy
I [T ]ff = [T ]pm

I continuity of fluxes
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Models – Boundary Layer

laminar turbulent
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Models – Boundary Layer and Modeling

wall treatment

turbulence
model
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Models – Turbulence Modeling

DNS LES

RANS RSM

Eddy Viscosity

algebraic 1 PDE 2 PDEs

Prandtl,
Baldwin-Lomax

...

Spalart-Almaras,
...

k -ε,
k -ω,
...

νt (y , ∂u/∂y) νt (y , k) νt (k , ε)
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Models – Numerical Simulator DuMux

I OpenSource
I written in C++
I on Unix OS
I based on DUNE
I www.dumux.org

I www.ohloh.net/p/dumux
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Models – Numerical Simulator DuMux

I modularity
I numerics
I simulation control
I material laws and fluid properties
I model concepts
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Models – Numerical Simulator DuMux

I flow and transport models
I porous medium (Darcy, Richards)
I free flow (Stokes, Navier-Stokes)
I coupled free–porous-medium flow models
I geomechanics
I co2

I grids
I discretization techniques
I decoupled and implicit
I parallelization
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Current Status – Coupled Setup
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Current Status – Coupled Results
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Current Status – Oscillations
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Current Status – Staggered Grid

cell centered staggered grid

pg, k , ε,
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Current Status – Cavity Flow Re=1000
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Current Status – Cavity Flow Re=1000
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Current Status – Pipe Flow Pressure
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Current Status – Summary

Achievements

I extended coupled model [Mosthaf et al., 2011]:
I algebraic turbulence models

I free flow:
I stable discretization
I Navier-Stokes
I algebraic turbulence models
I k -ε model

Challenges

I improve the turbulent free flow model
I couple staggered-grid free flow with porous-medium flow
I integrate pore-scale effects into REV-scale model
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Work Plan – Free Flow

I turbulence models with focus on viscous sublayer
I roughness
I water saturation
I boundary layer interaction (mass, momentum, and energy)
I include gravity, component, and energy transport
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Work Plan – Coupled Model

I couple staggered grid
I revise coupling
I slip-velocity condition
I pore-scale effects
I soil patterns
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Work Plan – Toolbox

I DNS
I experiments
I reference simulations
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Summary and Outlook

Thank you for your attention!
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