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Underground storage of gas (H2, CO2, etc.) and geothermal energy has become a major research area in the
ongoing energy transition. In this context, it is important to model and simulate single- and multiphase flows
in highly heterogeneous porous media, characterized by very irregularly distributed permeability profiles
featuring fractures, channels and macropores.

Flows in these media might not follow Darcy’s law; Forchheimer’s quadratic law is more adequate in the
high-Reynolds zones, and applying it globally in the domain is very accurate but costly numerically because
of the nonlinearity introduced. Instead, keeping Forchheimer’s law only where necessary should improve
computing cost without losing much accuracy. The difficulty with coupling the two laws lies in determining
which regions of the porous medium require Forchheimer’s model and which ones can be treated linearly, a
question with no clear answer yet.

Two adaptive models have been recently proposed to couple the two laws and answer the above question;
given a fixed threshold on the flow velocity’s magnitude, these models locally select the more appropriate
law as they are being solved. At the end, each mesh cell is flagged as being in the Darcy or Forchheimer
subdomain.

In the first model [1], the interface separating the two subdomains is tracked throughout a fixed-point algo-
rithm. More precisely, the velocity is iteratively re-evaluated and, comparing the velocity’s magnitude to the
fixed threshold, the cells are reflagged as being Darcy or Forchheimer cells. Also, a remeshing is performed:
if the opposite edges of a cell have velocities with higher and lower magnitudes than the threshold, then the
interface is moved at the center of the cell and a new mesh is generated such that the interface coincides with
the edge of two newly created neighboring cells.

In the secondmodel [2], the interface is not localized sharply. Instead, a regularized law is introduced resulting
from a smooth average of Darcy’s and Forchheimer’s laws; this law gradually passes from Darcy’s to Forch-
heimer’s, and vice-versa, in so-called transition zones which surround the interface. A classical fixed-point
algorithm is then directly run on the regularized law.

In this presentation, we will define these two models in detail, prove their well-posedness using tools from
monotone operator theory and variational calculus, and illustrate their behavior via some numerical results
obtained on simple, preliminary one- and two-dimensional test cases.
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