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3D X-Ray Visualization of Rayleigh-Bénard
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In geological storage of carbon dioxide (CO2), CO2 captured from large emission sources, such as thermal
power plants, is injected into the brine-saturated reservoir under a supercritical conditionwith a density of 600-
700 kg/m3. One of the primary concerns in geological storage is the leakage of CO2 due to buoyancy force. The
dissolution of CO2 into formation brine improves CO2 storage security. Because natural convection between
CO2-saturated and CO2-free brines governs the dissolution processes, many works have been reported on the
onset of natural convection and its mass transfer using Rayleigh-Bénard convection. In this work, we report
a three-dimensional (3D) experimental investigation on the onset of Rayleigh-Bénard convection in a porous
medium and its mass transfer. A packed bed with plastic particles saturated with water was used as a 3D
porous medium. In contrast, alkaline acid soap containing sodium iodide (NaI) was used for the top boundary
to model the dissolution from a rigid solid surface. The dissolution of alkaline acid soap into water forms an
unstable density profile, triggering Rayleigh-Bénard instability in a porous medium. The fingering structures
of Rayleigh-Bénard convection were visualized by using the X-Ray micro-computed tomography scanner (X-
Ray CT). The experimental conditions cover the Rayleigh number (Ra) range between 2700 and 8100. Because
the critical wavelength decreases with an increase in Ra, the finer fingers appear on the top boundary for the
higher Ra. The fingers merged into the large fingers, which extended vertically downward with time. The
onset time of convection reduces with Ra, and the mass transfer increases with it. These results are compared
with the previous numerical works. Finally, we discuss the appropriate modeling of natural convection in
geological storage.
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