InterPore2022

@ InterPoreZSgrg Khalifa University

14" Annual Meeting
30 May - 02 June 2022 -

iy United Arab

ellite Short Courses 29 May & 03 June

Contribution ID: 73 Type: Oral Presentation

Simulation of reactive transport in heterogeneous
porous media with a Newton-Krylov method

Tuesday, 31 May 2022 10:30 (15 minutes)

Reactive transport modeling in porous media involves the simulation of several physical and chemical pro-
cesses: flow of fluid phases, transport of species and chemical reactions between species. After discretization,
one obtains a highly nonlinear system of partial differential for transport, coupled to algebraic equations for
chemistry.

In [1], we have presented a globally coupled approach, where transport and chemistry are solved in a fully
coupled manner, while transport and chemistry modules are kept separate. The method uses the same fixed
point formulation than the Standard Iterative Approach, but, at each time step the nonlinear system of al-
gebraic equations that couples all chemical species at all mesh points is solved by a Newton-Krylov method.
The linear system at each Newton step is solved by the GMRES method, with a Jacobian free implementation
where the required matrix by vector product may be approximated by a finite difference quotient or computed
exactly.

Linear and nonlinear preconditioners must respect the block structure of the system in order to remain matrix-
free. We have shown that block Gauss-Seidel preconditioners is closely related to a non-linear elimination
method, and that both give a method where the number of both Newton and GMRES iterations do not grow
when the mesh is refined [2].

In this talk, we recall the main features of the method, and we present an extension to handle mineral precip-
itation and dissolution reactions using an interior point Newton method [3]. We also study the performance
of the method on 2D heterogeneous geometries.

Acceptance of the Terms & Conditions

Click here to agree

MDPI Energies Student Poster Award

No, do not submit my presenation for the student posters award.

Country

France

References

Laila Amir, Michel Kern, “A global method for coupling transport with chemistry in heterogeneous porous
media”, Computat. Geosci., 14 :465-481, 2010.

Laila Amir, Michel Kern, “Preconditioning a coupled model for reactive transport in porous media”, Int. ]J.
Numer. Anal. Model., 16(1) :18-48, 2019.



Laila Amir, Michel Kern, “Jacobian free methods for coupling transport with chemistry in heterogenous porous
media”, Water (13), 370, 2021.

Time Block Preference

Time Block A (09:00-12:00 CET)

Participation

Unsure

Primary authors: Dr AMIR, Laila (Laboratoire d’Ingénierie Informatique et Systémes); KERN, Michel (In-
ria)

Presenter: KERN, Michel (Inria)

Session Classification: MS07

Track Classification: (MS07) Mathematical and numerical methods for multi-scale multi-physics,
nonlinear coupled processes



