
POSTER SESSION OF THE XVIII SPANISH-FRENCH SCHOOL Jacques-Louis Lions
ABOUT NUMERICAL SIMULATION IN PHYSICS AND ENGINEERING

Las Palmas de Gran Canaria, June 25-29, 2018

Energy stable numerical schemes for a chemo-repulsion model with
linear production term

F. Guillén-González∗, M. A. Rodríguez-Bellido∗ and D. A. Rueda-Gómez∗†

Keywords: Chemorepulsion-production model, finite element approximation, unconditional energy-stability, mass-
conservation.

Mathematics Subject Classification (2010): 35Q92, 65M60, 92C17.

This work is devoted to study unconditionally energy sta-
ble numerical schemes for the following parabolic-parabolic
repulsive-productive chemotaxis model (with linear production
term):

∂tu−∆u = ∇ · (u∇v) in Ω, t > 0,
∂tv −∆v + v = u in Ω, t > 0,
∂u
∂n = ∂v

∂n = 0 on ∂Ω, t > 0,
u(x, 0) = u0(x) ≥ 0, v(x, 0) = v0(x) ≥ 0 in Ω,

(1)

in a d−dimensional open bounded domain Ω, d = 2, 3, with
boundary ∂Ω. The unknowns for this model are u(x, t) ≥ 0,
the cell density, and v(x, t) ≥ 0, the chemical concentration.
The problem is well-posed ([2]), because there exist global
in time nonnegative weak solutions of model (1) and, for 2D
domains, there exists a unique smooth classical bounded uni-
formly in time solution.

By using a regularization technique ([1, 3]), we propose two
fully discrete Finite Element (FE) approximations. The first
one is a nonlinear approximation in the original cell and chem-
ical variables; while the second one is a linear approxima-
tion constructed using the energy quadratization technique,
in which, other auxiliar variables are introduced. In addi-
tion to proving well-posedness of our numerical schemes, we
show that both unconditionally energy stable schemes satisfy
the mass-conservation property which is characteristic of the

chemotaxis models. As far as we know, for chemorepulsion
models with linear production, there are not works studying
FE schemes satisfying the property of energy-stability. Finally,
we compare the behavior of these schemes throughout several
numerical simulations.
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