Transition from quasi-2D to 3D regimes in convective dissolution under con-
finement
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Convective dissolution is a key mechanism controlling the efficiency and long-term security of geolog-
ical CO4 sequestration, as it enhances the downward transport of dissolved CO5 and limits leakage
risks. Within a porous medium, dissolution of COs into the underlying brine forms a denser boundary
layer which, above a critical density gradient, becomes gravitationally unstable and generates downward
plumes. This process has been extensively studied in Hele-Shaw cells, whose geometric confinement pro-
vides a convenient analogue of porous media with direct optical access. However, the validity of this
analogy remains debated. In particular, the parameter e2Ra, with ¢ the anisotropy ratio and Ra the
Rayleigh-Darcy number, has been proposed to distinguish quasi-two-dimensional and three-dimensional
regimes, with a transition at e?Ra ~ 1, without exploring extensively the transition behaviour[1,2].
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The core analysis is based on con-
fronting the experimental velocity of
plumes with theoretical models (Darcy, Darcy-Brinkmann, 3D Stokes). Our results identify a transi-
tion from a Darcy-like regime to one in which transversal three-dimensional effects become significant.
The mean plume velocity follows Darcy scaling at strong confinement (b < 0.8 mm) and deviates from
the model when the confinement is reduced (b 2 1.6 mm).

Further insight is obtained from the analysis of the plume width, §. We find that the ratio §/b
decreases below unit when £2Ra > 1, indicating that plumes no longer span the full gap and that
confinement across the thickness starts to disappear. The threshold provides a consistent way to separate
the datasets into distinct regimes. Below it, the transport is well described by Darcy-based scaling, while
above it, the data are better described by models accounting for three-dimensional effects. In particular,
the Sherwood number exhibits distinct scaling behaviours in the two regimes, highlighting the change in
the dominant transport mechanism.

These findings demonstrate that geometric confinement plays a fundamental role across all regimes
and set quantitative limits on the validity of Hele-Shaw models as analogues of porous media.
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