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Structure of a Base Liner
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Processes in a Base Liner
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Conceptual Model (1)
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Conceptual Model (2)
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Flow and Transport Model (1)
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Flow and Transport Model (2)
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Mass Balance Equations

K ∈ {w, a}
α ∈ {w, g}

formulation for
each component
→ 2 balance
equations

constraints:
Sw + Sg = 1
pg = pw + pc(Sw)

∂(
∑
α φ%

mol
α xKα Sα)

∂t︸ ︷︷ ︸
storage

−
∑

α

div

{
krα
µα

%molα xKα K( grad pα − %mass,αg)

}

︸ ︷︷ ︸
advective transport

− div
{
DK
pm%

mol
g gradxKg

}
︸ ︷︷ ︸

diffusive transport in gas phase

− qK︸︷︷︸
sink/source

= 0
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Balance Equation for Thermal Energy

K ∈ {w, a}
α ∈ {w, g}

assumption of
local thermal
equilibrium
→ 1 balance
equation for the
entire fluid-filled,
porous medium

∂ (
∑
α φ%mass,αuαSα)

∂t
+
∂ (1− φ) %scsT

∂t︸ ︷︷ ︸
storage

− div (λpm gradT )︸ ︷︷ ︸
thermal conduction

−
∑

α

div

{
krα
µα

%mass,αhαK ( grad pα − %mass,αg)

}

︸ ︷︷ ︸
convective transport

−
∑

K

div
{
DK
pm%mol,gh

K
g M

K gradxKg
}

︸ ︷︷ ︸
thermal transport due to diffusion

− qh︸︷︷︸
sink/source

= 0
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Structural Alterations (1)
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Structural Alterations (2)
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Structure Parameter
swelling / shrinking factor

ε =
V

Vo
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ϕeff =
Vpore

Vo
= ϕ ε

relative total mass of water
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V
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Shrinking Factor
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Permeability
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Capillary Pressure
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Coupling Flow + Structural Alterations

PSfrag replacements

flow and transport

1st step within one time step

compute flow and
transport

compute mass of water,
mass of air and energy

φ
PSfrag replacements

structural alterations

2nd step within one time step

update structure
parameters

compute new state va-
riables while maintaining
mass and energy conser-
vation and thermodyna-
mic equilibrium

. – p.19/25



Universität Stuttgart Institut für Wasserbau, Lehrstuhl für Hydromechanik und Hydrosystemmodellierung
home/sandra/VORTRAG/19e_WORKSHOP_Freudenstadt_03-2006/comparison_2p2cni-shr_1.tex

Model Comparison (1)
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Model Comparison (1)
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Model Comparison (2)
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Model Calibration and Validation
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Final Remarks
model concept that includes – on a phenomenological
basis (rigid porous matrix) – the effects of swelling/shrinking
within a non-isothermal multiphase multicomponent flow
and transport model

integration of additional constitutive relationships into
existing model

application example shows reasonable results

comparison with experimental data in preparation

parameter-identification strategy requires further develop-
ment
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