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Stratification is induced in fluids by the presence of
gravity. The latter sets a preferential direction
generating vertical profiles of active and passive scalars
in natural as well as laboratory flows.

In order to characterize the large-scale intermittency
observed in stratified turbulent flows we employed
direct numerical simulations (DNS) of the Boussinesq
equations to explore a parameter space compatible
with that of geophysical fluids (below is the rendering of
one of the component of the simulated horizontal
velocity).

Figure 1. Potential temperature in the ocean. The profiles are
measured along the ship track shown in the insert [1].

Density and temperature profiles, as observed in the
atmosphere and the oceans [Figure 1], make stratified
fluids anisotropic and allow for the propagation of
internal gravity waves. The dynamics of stratified
turbulent flows is therefore determined by the interplay
of turbulent motions and gravity waves.

Large-scale Intermittency
Observations have shown in many cases that the
velocity field in geophysical fluids is characterized by
non-Gaussian statistics at the scale of the mean flow.
This suggests the existence of intermittent phenomena
affecting their large-scale dynamics together with the
usual small-scale (or internal) intermittency.
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With this fundamental fluid mechanics approach we are
able to reproduce the large-scale intermittency
observed in nature, identifying a regime of the
governing parameters where strong vertical drafts
emerge at the scale of the mean flow as a result of the
competition of gravity waves and turbulence.This
behavior is also captured by a simple one-dimensional
model developed in [3].

Figure 3. 3D rendering of
the vertical component of
the velocity from the DNS
of a stratified turbulent flow.
Only regions corresponding
to the vertical drafts (with
the velocity exceeding three
standard deviations) are
displayed in solid colors [3].

Our research allowed as well to conclude that the
observed vertical drafts are associated with regions of
the flow prone to develop instabilities.
Figure 2. (Left): Probability density function (PDF) of the vertical
velocity in the Pacific Ocean obtained from measurements collected
with floaters [2]. (Right): PDF of the vertical velocities (red) of 1.5 million
of Lagrangian tracers released in the DNS of a stratified flow with high
Reynolds number and relatively strong background stratification [3].
Non-Gaussian tails are observed in both cases.
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