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The finite element method can be a useful tool to simulate the magnetization decay in
porous media. These problems can be simulated by a diffusion-reaction equation with
Robin boundary conditions [1]. Due to the usual value of the coefficients, explicit time
integration algorithms tend to be numerically unstable, except at very low time-step
values. On the other hand, the size of image-based pore systems tends to be very large
(to the order of millions of degrees of freedom), which makes implicit solutions expensive.

The present work deals with image-based simulations of porous media. The images are
obtained via micro-CT scanning with a resolution of the order of a micrometer. We use
the regular nature of the image representation in an assembly-free FEM implementation
that does not require any coefficient vector or matrix to be kept in memory.

Within this context, we compare two explicit and unconditionally stable time integration
methods: the DuFort-Frankel [2] method applied to the problem as is, and the Leap-frog
method applied in a hyperbolized [3] version of the differential equation. Both methods
have the same memory cost, are explicit, and have a second-order convergence rate in
time. However, the hyperbolization method requires an arbitrary coefficient to be added
to the problem.

We show the relative time costs for these two algorithms, and also for the explicit Euler
method as a baseline. With a fixed convergence threshold, we see which method requires
less computational time for benchmark problems. The selected problems are a set of
infinite gaps, and an arrangement of infinite cylinders, both modeled as 2D images.
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