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Given a linear system of equations, it is well known that its solution by means of iterative methods
is highly affected by the condition number of its related coefficient matrix: the more ill-conditioned,
the poorer the convergence. For this reason, preconditioning results a crucial tool in order to modify
the spectrum of the system being solved and improve the performance achieved by iterative methods.
Nevertheless, a proper balance between the reduction in the number of iterations and the overhead of
the construction and application of the preconditioner needs to be sought to actually decrease the total
execution time of the solver. In this sense, the optimal preconditioning and solution of the variable
coefficients Poisson equation represents a major challenge, specially in the most ill-conditioned situations
(such as in multiphase flows, where there is a high contrast in the coefficients, or when an intense adaptive
mesh refinement is applied, giving rise to large mesh aspect ratios). Among the challenges it poses, let us
emphasize the tremendous cost of updating the preconditioner at each iteration and the fact that, in many
occasions, the full matrix is only available in a factored form. Hence, the aim of this work is to propose
an excellent alternative to the Jacobi preconditioner which, as was introduced in [1], in such situations
gives excellent results in combination with deflation techniques. More concretely, applying the fully-
conservative discretization presented in [2] to ∇ ·

(
ρ−1∇p

)
= ∇ · up, the variable coefficients Poisson

equation reads: MR−1Gph = Mup
h , such that R = diag(ρh) and the gradient and divergence operators

satisfy: G =−Ω−1Mt , where Ω is a diagonal matrix containing the sizes of the discrete control volumes.
Therefore, our proposal is to precondition the system using ΩR, as this effectively corrects the high
contrasts inherited by the variable operator L̃ = −M(ΩR)−1Mt from R−1 and Ω−1. This constitutes an
extremely affordable, highly-parallelizable and easy-to-implement preconditioner that has shown great
improvements in the rate of convergence of the conjugate gradient method (among other Krylov subspace
methods) without any need to explicitly build L̃ at each iteration.
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