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Motivation
Most simulations of multiphase flow 
scenarios require vast computer 
resources. This is caused by the large 
timespan of interest or the huge size of 
the simulation domain. Such cases 
include:
● Remediation of contaminated soils,
● Nuclide transport from nuclear storage 

caverns,
● Sequestration of CO2 in the 

subsurface.

Most often, only small sub-domains are subject 
to complex physical processes or are of major 
interest:

Model complexity differs locally.
Detail of approximation differs locally.
Adaptive modeling!

Simulation of CO
2
-storage.

Numerical Model
Pressure equation

For compositional compressible flow:
•Sinlge Phase:

•Multi-Phase (volume balance):

•Taking the non-wetting pressure as the primary variable:

Transport equation
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vw = ¡¸wK (r pn ¡r pc ¡ %wg);

vn = ¡¸nK (r pn ¡ %ng);

Domain for CO
2
-storage.

Injection of CO
2
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Multi-physics Framework

Fluxes near refined Cells

When regular grids are locally refined, irregular faces evolve that need 
special numerical treatment: The standard approach to calculate the 
flux using a two-point stencil does not capture the complex geometry.
An alternative is a Multi-Point Flux Approximation.

Adaptive Grids

Multiphysics concept

The global simulation domain is divided into sub-domains, where 
different numerical models are applied. These sub-domains are 
adapted after each time-step.

Example: Johansen Benchmark

Injection of CO
2
 over 25 years.

Simulation of 50 years on 54756 cells.
Breakdown of Computational efforts:

Adaptive refinement of the grid.

Preliminary Results

Refinement indicator

We develop appropriate indicators where to 
refine / coarse depending on the underlying 
problem at hand. Their effects in 
combination with the numerical scheme is 
examined.

Future Work

2D Example to compare with fully refined reference solution:
● Injection of CO

2
 over 2 years from the left side.

● Simulation on a grid with vertical edges and with edges normal to 
the flow direction.
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Transport step
Adaptation of 
sub-domains

Adaptation of sub-domains.

CO
2
 Plume after 50 years of injection.
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Transport
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● A refinement of the injection front and convective mixing processes 
would increase simulation quality.

● Further potential to increase efficiency lies in reducing the global 
degrees of freedom.
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Two-Point Flux Approximation
(TPFA)

Multi-Point Flux (MPFA)
on one interaction region.

Multi-Point Flux (MPFA2he) 
on two interaction regions.

Error CPU Time

Reference - 473 s

Tpfa 125.4 E-3 78 s

Mpfa 7.57 E-5 74 s

Mpfa 2he 0.82 E-5 75 s

● The Mpfa can represent fluxes through 
irregular faces, and show significant 
improvement compared to the TPFA.

● A Mpfa that only regards the one unique 
half-edge might be a good compromise 
between computational effort and 
accuracy.

Saturation distribution after injection. Local error in saturation.

Extension to 3 dimensions

Here, each face consists of one unique interaction region and three 
more sub-faces that require extensive non-local calculations, strongly 
dependant on the surroundings.
Is the compromise we learned from 2D even more promising here?

Tpfa (top) versus Mpfa
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