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Understanding thermal flow and phase instabilities in geothermal systems
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Abstract % This study explores the instability of the liquid-vapour interface in a geothermal system bounded by
isothermal surfaces. Through a two-dimensional linear stability analysis of the isothermal base state, it is found that the
Rayleigh—Taylor mechanism predominantly drives the onset of instability. A conditional expression for the critical modified
Rayleigh number is derived, accounting for various heat transport mechanisms. The results highlight that spontaneous
instability arises primarily due to two simplifications: neglecting thermal advection and assuming the phase change front is

equidistant from the liquid and vapour boundaries.
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