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Introduction – Processes
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Models – Porous Medium Model
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Models – Porous Medium Equations
I mass balance∑

α∈{l,g}

{
φ

(∂%αSα)

∂t
+∇ · (%αvα)− qα

}
= 0

I momentum balance
kr,α

να%α
K (∇pα − %αg)− vα = 0

I component mass balance∑
α∈{l,g}

{
φ
∂ (%αSαXκ

α )

∂t
+∇ · (%αXκ

αvα)−∇ · jκα,pm,diff − qκα

}
= 0

I energy balance∑
α∈{l,g}

{
φ
∂ (%αSαuα)

∂t
+∇ · (%αhαvα)

}

+ (1− φ)
(∂%scsT )

∂t
−∇ · (λpm∇T )− qT = 0
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Models – Free Flow Model
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Models – Free Flow Equations
I mass balance

∂%

∂t
+∇ · (%v̄) = 0

I momentum balance

∂ (%v̄)

∂t
+∇ · (%v̄ v̄ᵀ)−∇ · ([%ν+%νt]∇ (v̄ + v̄ᵀ)) +∇p− %g = 0

I component mass balance

∂
(
%X̄κ

)
∂t

+∇ ·
(
%X̄κv̄

)
−∇ · ([Dκ+Dκ

t ] %molMκ∇x̄κ)− qκ = 0

I energy balance

∂ (%ū)

∂t
+∇ ·

(
%h̄v̄

)
−∇ ·

(
h̄κjκff,diff

)
−∇ ·

(
[λ+λt]∇T̄

)
− qT = 0
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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 1
I mass [(

%gvg
)
· n
]ff

= −
[(
%gvg + %lv l

)
· n
]pm

I momentum (tangential)[(
vg +

√
(Kt i) · t i

αBJ%gνg
τn

)
· t i

]ff

= 0

with:

τ = νg%g∇ ·
(
vg + vᵀ

g
)

I momentum (normal)[({
%gvgvᵀ

g − τ + pgI
}

n
)
· n
]ff

= ppm
g
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Models – Coupling Equations 2
I component [

Xκ
g
]ff

=
[
Xκ

g
]pm

[(
%gXκ

g vg − jκg,ff,diff

)
· n
]ff

= −
[(
%gXκ

g vg − jκg,pm,diff + %lv lXκ
l − jκl,pm,diff

)
· n
]pm

I energy
[T ]ff = [T ]pm

[(
%ghgvg − ha

gja
g,ff,diff − hw

g jw
g,ff,diff − λg∇T

)
· n
]ff

= −
[(
%ghgvg + %lhlv l − λpm∇T

)
· n
]pm
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Models – Turbulence Modeling

DNS LES

RANS RSM

Eddy Viscosity

algebraic 1 PDE 2 PDEs
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Baldwin-Lomax
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k -ε,
k -ω,
...

νt (y , ∂u/∂y) νt (y , k) νt (k , ε)
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Models – Boundary Layer
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Models – Boundary Layer and Modeling

wall treatment

lmix or k -ε

u = u∞

laminar turbulent

Models Slide 14/24



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
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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 coupled turbulent free flow–porous-medium flow model,
based on [Mosthaf et al., 2011]

I Navier-Stokes and k -ε on staggered grid

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 – Work Plan

I Free Flow
I turbulence models (wall treatments)
I roughness
I water saturation
I boundary layer interaction
I gravity + component + energy transport

I Coupled Model
I couple staggered grid
I revise coupling
I pore-scale effects

I Toolbox
I DNS (TU Braunschweig)
I wind tunnel experiments (Colorado School of Mines)
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Summary and Outlook

Thank you for your attention!
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