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In contrast to simple homogeneous 1D and 2D systems, no appropriate analytical solutions exist to test onset of
thermal convection against numerical models of complex 3D systems that account for variable fluid density and
viscosity as well as permeability heterogeneity (e.g. presence of faults).
Owing to the importance of thermal convection for the transport of energy and minerals, the development of a
benchmark test for density/viscosity driven flow is crucial to ensure that the applied numerical models accurately
simulate the physical processes at hands. The presented study proposes a 3D test case for the simulation of thermal
convection in a faulted system that accounts for temperature dependent fluid density and viscosity. The linear
stability analysis recently developed by Malkovsky and Magri (2016) is used to estimate the critical Rayleigh
number above which thermal convection of viscous fluids is triggered.
The numerical simulations are carried out using the finite element technique. OpenGeoSys (Kolditz et al., 2012)
and Moose (Gaston et al., 2009) results are compared to those obtained using the commercial software FEFLOW
(Diersch, 2014) to test the ability of widely applied codes in matching both the critical Rayleigh number and the
dynamical features of convective processes. The methodology and Rayleigh expressions given in this study can
be applied to any numerical model that deals with 3D geothermal processes in faulted basins as by example the
Tiberas Basin (Magri et al., 2016).
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