Wall-bounded stably stratified turbulence at large Reynolds number
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Wall-bounded stably stratified turbulent flows are a common occurrence in many industrial and natural
processes. Examples include cooling in nuclear reactors, fuel injection and combustion in gasoline engines,
the dynamics of the nocturnal atmospheric boundary layer or the transport of organic species in the ocean.
In this work, we focus on stably stratified turbulent channel flow at high shear Reynolds number Reτ . We
performed an extensive campaign of pseudo-spectral direct numerical simulations (DNS) of the governing
equations (momentum and energy equations written under the OB approximation) in the shear Richardson
number space Riτ = Gr/Re2τ , where Gr is the Grashof number. In particular, we fix the Reynolds number
Reτ = 1000 and we change Gr so to cover a broad range of Riτ values. We recall that Reτ is the ratio
between inertia and viscous forces, whereas Riτ is the ratio between buoyancy and inertia forces. Our
results of stratified turbulence indicate that the average and turbulent fields undergo significant variations
compared to the case of forced convection, in which temperature is a passive scalar (Riτ = 0). We observe
that turbulence is actively sustained only near the boundaries, whereas intermittent turbulence, also flavored
by the presence of non-turbulent wavy structures (Internal Gravity Waves, IGW) is observed at the core of
the channel. This situation is clearly visible in Fig. 1, where temperature contours are used to visualized
the flow structures on a (x − z) streamwise section for the case Riτ = 0 (top panel) and Riτ = 25 (bottom
panel). The flow goes from left to right and is bounded at the bottom and top wall. Internal waves are found
in a narrow region around the channel centerline (Fig. 1, bottom panel) and constitute a sort of a thick
interface (thermocline) that separates the channel into two parts, a top and a bottom one, which are almost
independent and interact only slightly. Naturally, this alters also the overall transfer rates of momentum
and heat, as well as the mixing efficiency of the flow. We believe that the present results may give important
contributions to future turbulence parametrization and modeling in this field.

Fig. 1: Panel a) Contour map of the temperature field for Riτ = 0 (top panel) and for Riτ = 25 (bottom panel) on
a streamwise section located at the center of the channel. The flow goes from left to right and is bounded at the top
and bottom wall.
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