
A posteriori error estimates, stopping criteria, and
adaptivity for multiphase compositional Darcy flows in porous media

Soleiman YOUSEF*, Daniele DI PIETRO†,  Eric FLAURAUD* and Martin VOHRALÍK‡

*
IFP Energies nouvelles, 

1 & 4 av. Bois Préau, 92852 Rueil-Malmaison, France
e-mail: soleiman.yousef@ifpen.fr, eric.flauraud@ifpen.fr

†  University of Montpellier 2, 
I3M, 34057 Montpellier 5, France

e-mail: daniele.di-pietro@univ-montp2.fr

  ‡INRIA Paris-Rocquencourt,
 B.P. 105, 78153 Le Chesnay, France

e-mail: martin.vohralik@inria.fr

ABSTRACT

In this paper we derive a posteriori error estimates for the compositional model of 
multiphase Darcy flow in porous media [1], consisting of a system of strongly coupled 
nonlinear unsteady partial differential and algebraic equations. We show how to control the 
dual norm of the residual augmented by a nonconformity evaluation term by fully 
computable estimators. We then decompose the estimators into the space, time, linearization,
and algebraic error components [2]. This allows to formulate criteria for stopping the 
iterative algebraic solver and the iterative linearization solver when the corresponding error 
components do not affect significantly the overall error. Moreover, the spatial and temporal 
error components can be balanced by time step and space mesh adaptation. Our analysis 
applies to a broad class of standard numerical methods, and is independent of the 
linearization and of the iterative algebraic solvers employed. We exemplify it for the 
two-point finite volume method with fully implicit Euler time stepping, the Newton 
linearization, and the GMRes algebraic solver. Numerical results on two real-life reservoir 
engineering examples confirm that significant computational gains can be achieved thanks to
our adaptive stopping criteria, already on fixed meshes, without any noticeable loss of 
precision.
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