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The solution adopted by most of the principal CFD codes such as OpenFOAM or ANSYS-
FLUENT are finite-volume discretizations on unstructured meshes. These discretizations
are usually preferred over staggered ones due to its simplicity, but some errors arise from
this approach, such as an improper gradient formulation for pressure correction. Besides,
many discretizations for the gradient operator have been proposed, but some of them do
not conserve energy or lead to an unstable pressure gradient solution, especially for high
aspect ratio meshes. In this framework, a continuous-mimicking property argument[1] is
used to find a proper symmetry-preserving gradient. It turns out to be the same gradient
found by Trias et. al. [2], adopted in order to achieve conservation of energy:

G = −Ω−1
s M∗, (1)

where G is the cell-to-face discrete gradient operator, Ωs is a diagonal matrix containing
the staggered volumes and M is the face-to-cell discrete divergence operator. Then, a
fully-conservative discretization method for unstructured grids proposed in [2] is used to
study the stability of the pressure gradient[3]. Using the same notation as [2], the velocity
correction reads:

un+1
c = up

c − Γs→cGpc, (2)

where uc is the collocated velocity, pc is the cell-centered pressure, and Γs→c is the face-
to-cell interpolator. The interpolation stability was studied in [3]. Finally, a new way of
studying mesh rotations and its stability is introduced.
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