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ABSTRACT. The two term Forchheimer law is considered for
incompressible single-phase steady-state flow filtration in anisotropic
heterogeneous porous media. The resulting system can be rewritten in
term of non-linear elliptic equation for the pressure only characterized by
a heterogeneous permeability tensor depending on the pressure gradient
norm. The use of this model in fine scale geocellular simulator is
straightforward, and it would require very little effort to replace the
existing linear models. On the other hand, goecellular models typically
require 107 – 108 computational cells, while existing simulators can handle
normally in between 105–106 cells. A variety of approaches for gridding
and upscaling of detailed geocellular models have been introduced for
Darcy case spanning from local, extended local, global and quasi global
techniques. All these models aim to replace the permeability tensors on
a fine vertical scale with an equivalent permeability tensor on a coarse
scale. In this work we explore the possibility of extending some of
the upscaling models to the non-linear Forchheimer law. A flow-based
coarsening approach is used, where the equivalent permeability tensor
is first evaluated following the streamline of the existing linear cases,
and successively modified in order to take into account the non-linear
effects. Coarse scale simulation results are presented. These illustrate
the capabilities of non-linear upscaling procedures and demonstrate the
levels of accuracy attainable using the various approaches.


