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A localized turbulence evolving in a stably stratified fluid is studied by direct numerical simulations (DNS). The turbulence is

bounded by a stably stratified non-turbulent flow, where internal gravity waves can propagate. DNS data is analyzed with a special

focus on the interfacial layer that separates the turbulence from the non-turbulent region, which is called a turbulent/non-turbulent

interfacial TNTI layer. The statistics near the TNTI show that the flow properties, such as isopycnals, energy dissipation rate, and

vorticity, drastically change across the TNTI layer, where the buoyancy Reynolds number near the TNTT has a strong influence on the

flow characteristics. The statistics near the TNTI layer enable us to evaluate the wave energy flux across the TNTI. It is found that the

amount of kinetic energy extracted by internal gravity waves is comparable to the kinetic energy dissipation in the turbulent region.

Keywords: Stably stratified turbulence, internal gravity wave, turbulent/non-turbulent interface, shear layer

Turbulence in the environment is often localized, where
the turbulent region is bounded by non-turbulent (or weakly
turbulent) fluids. These turbulent and non-turbulent fluids
have different properties, such as mixing efficiency, kinetic
energy, and temperature, and the mixing between these fluids
is crucial in the flow evolution. When a localized turbulence
evolves in a stably stratified environment, it can excite internal
gravity waves, which transfer momentum and energy from
the turbulence [1]. Field measurements have observed the
interaction between turbulence and waves [2,3,4]. Accurate
modelling of the influence of internal gravity waves is important
in numerical simulations in meteorology and oceanography.
In the present study, direct numerical simulations (DNS) are
performed for investigating a localized turbulence in a stably
stratified fluid that excites the internal gravity wave.

DNS are performed for a temporally evolving shear layer
in a uniformly stratified fluid with a constant background
density gradient in the vertical direction dp/dz. x, y, and z are
the streamwise, spanwise, and vertical directions, respectively.
The initial mean velocity profile is given by <i>=U, tanh(2Z/
hy), where U, and h, are the initial velocity difference and the
initial vorticity thickness, respectively. Here, the tilde represents
the dimensional variables. The flow evolves with time in a
computational domain with periodic boundary conditions in x
and y directions. The buoyancy frequency for dp/dz is defined as
N, = \/W (p,: constant reference density; g: the
gravitational acceleration). Three non-dimensional parameters,
Reynolds number Re, Prandtl number Pr and Froude number
Fr, are defined as Re=U,h/v,Pr=v/k, and Fr=2U,y/h, N,, where v
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is the kinematic viscosity and « is the diffusivity coefficient. The
governing equations are the Navier-Stokes equation under the
Boussinesq approximation, which are solved with the DNS code
used in our previous studies [5]. In this report, we present the
results from the DNS database with Re=6000, Fr=10, and Pr=1.
The detail of the numerical simulations are presented in [6].

Figure 2 shows potential enstrophy /7°/2=(®-Vp)’/2 and
enstrophy ©°/2=(w-®)/2. Potential enstrophy is not transferred
by internal gravity waves, and therefore, it is a good marker
of an active turbulent region [7]. In contrast, the flow outside
the turbulent region possesses enstrophy, which is generated
by internal gravity waves. In the present study, the turbulent
fluid is detected by thresholding potential vorticity magnitude
|71, where the outer edge of the turbulent region is given by
isosurface of |/1|=11,. I1, is determined based on the relation
between the turbulent volume and threshold [7]. The detected
turbulence edge is also shown with white lines in Fig. 1. We
can see that the structures with high enstrophy are very different
between turbulent and non-turbulent regions. Figure 2 shows the
averaged potential enstrophy conditioned on vertical distance
{, from the turbulence edge. Here, {>0 represents the non-
turbulent region and {, is normalized by 7., the Kolmogorov
scale on the centerline. The potential enstrophy rapidly changes
within a thin TNTI layer. Further analyses of the DNS data are
published in [6].
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