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ABSTRACT:
In this paper, we study the turbulent heat transfer at a fluid-porous interface where the flow is parallel to the interface (turbulent Poiseuille flow over a porous medium). To study this problem thoroughly, a reference solution of the turbulent velocity and temperature fields is obtained by an original direct numerical simulation (DNS) at the microscopic scale where the pores are described individually and all the turbulent structures are captured. To model this problem at the macroscopic scale, a k-epsilon model is used. The DNS results show that the turbulent thermal diffusivity within the porous medium cannot be modeled by the classical Prandtl model. This shows that, within the porous medium close to the interface, the turbulent heat transfer mechanisms are different from the momentum transfer mechanisms. A new model is proposed and proves to better model the turbulent heat transfer mechanisms. Moreover, the boundary conditions to apply to this k-epsilon model at the fluid-porous interface are proved rigorously by applying a two-step up-scaling approach. For the temperature conditions, we show analytically that the temperature is continuous and that the heat flux may encounter a jump at the interface depending on the heating conditions applied in the porous medium.
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