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ABSTRACT

In this work, we analyze the applicability of several existing SPH models for the simulation of natural
convection phenomena at high Gay-Lussac numbers (Ga). The majority of such models in literature use
the Boussinesq approach to incorporate thermally induced flow dynamics [1][2]. However, in processes
where high temperature gradients result in significant density variations, the Boussinesq approximations
become invalid. We found mainly two different modeling attemps within the framework of WCSPH to
simulate natural convection at high Ga. One approach consists of incooperateing the density variations
into an equation of state [3][4]. Then, thermally driven flow dynamics are introduced through a pressure
gradient in the momentum equation. In order to assure stable simulations, an additional stability criterion
is required to account for thermal expansion effects. While the model in [4] considers the static pressure
increase in closed heated systems we find it to suffer from high numerical dissipation. Hence, the ther-
mally induced motion of the fluid is significantly reduced. When the equation of state is instead used
to enforce the incompressibility constraint this spurious behavior is avoided [5]. We compare different
models based on simulations of the differentially heated square cavity at high Ga numbers and highlight
the advantages and drawbacks of the respective approaches.
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