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General aspect

• We have performed a numerical experiments concern-
ing the turbulent energy transport

• We have considered the simplest kind of two dimen-
sional turbulent shear-less mixing process
⇒ the interaction of two isotropic turbulent field with dif-
ferent kinetic energy but the same spectrum shape

• This turbulent transport is observed firstly in a pure shear-
less mixing process and in a second time adding the ef-
fect of a stable density stratification
⇒ Conceptual experiment
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Numerical Method

• Domain:
• The computational domain is a 2π × 2π rectangle

with 1024× 1024 points
• Periodic boundary condition in both directions

• Method:
• Two-dimensional DNS
• Vorticity stream function formulation
• Use hyper-viscosity, ν = 2.4410−9m4/s
• Solves the Navier Stokes equation by a pseudo-spectral

Fourier-Galerkin method, with the 2/3 de-aliasing tech-
nique

• The time integration is done by a third-step third-order
Adams Bashforth method
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Flow description

Two decaying turbulent field
with Kinetic Energy E1 and E2
are matched by means of a
hyperbolic tangent function:

u(x) = u1(x)p(x) + u2(x)(1− p(x))

p(x) =
1
2

[1 + tanh(a
x
L

)tanh(a
x − L/2

L
)tanh(a

x − L
L

)]

(Here L = 2π a = 28π, ∆ = L/40)
The ratio of the turbulent kinetic energy has been chosen as the sole control
parameter. In particular, the following values of energy ratio were chosen,
E1/E2 = 6.6 40 40 300 104 106

Time evolution of vorticity contours example
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2D - 3D Comparison

⇒We define a penetration as
the position of the maximum
of the skewness normalized
over the mixing layer thick-
ness η = xs

∆t/τ and the diffu-

sion velocity vD = dxs
dt = η d∆

dt

2D :
∆(t)
∆(0)

∝ t0.72

τ

vD =
η

τ

d(t0.72/τ)t
dt

∝ t−0.28

3D :
∆(t)
∆(0)

∝ t0.43

τ

vD =
η

τ

d(t0.43/τ)t
dt

∝ t−0.57

In 2D the turbulent diffusion is infinitely grater than the one
measured in 3D⇒movie



2D turbulent
mixing also in
the presence

of a stable
stratification

EPFDC 2011
F. De Santi,
L. Ducasse,

J. Riley,
D. Tordella

Introduction
Numerical Method

Unstratified
Case
2D - 3D Comparison

Large- and
small-Scale coherent
structures

Stratified
Case
Qualitayive Analysis

Large- and Small-
Scale Coherent
Structures

Conclusion

References

Skewness

Skewness of the ve-
locity component in
the inhomogeneous
direction for each
energy ratio.
xc = mixing layer
center

Maximum of the
Skewness as a
function of the
energy ratio and of
the time
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Kurtosis

Kurtosis of the ve-
locity component in
the inhomogeneous
direction for each
energy ratio.
xc = mixing layer
center

Maximum of the kur-
tosis as a function of
the energy ratio and
of the time
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Flow Description
• We change the experiment by adding the effect of

a stable stratification
• We rotate the vorticity field
• We create an initial density field by combining two

constant density fields with the same hyperbolic
tangent used for the vorticity field

• The fluctuation com-
ponent has periodic
boundary condition ⇒
The stability of the strat-
ification is guaranteed

• The results obtained in this
way can be considered
as the vertical section af
a three-dimensional strati-
fied flow
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Formulation
Using the Boussunesq approximation the equations that
describe the problem are:

∇ · u = 0

∂u
∂t

+ (u · ∇)u = − 1
ρ0
∇p− ρ′

ρ0
g + ν´u

∂ρ′

∂t
+ (u · ∇)ρ′ + v

dρm

dy
= k´u

ν = 2.4 10−10m4/s, k = 0.3 10−2, Sc∗ = (ν/(k ∗ l2)) = 1.32 10−4

• The energy ratio is constant, E1/E2 = 6.6

• The parameter of the experiment is the Froude number

Fr =
U√

− g
rho0

∂ρm
∂y L

Fr =∞, Fr = 10, Fr = 0.1 movie
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Kinetic Energy Profile
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Skewness
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Kurtosis
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Conclusion 1

Experiment 1: Interaction between two isotropic turbulent filed with different kinetic
energy but the same spectrum shape

• The turbulent diffusion is infinitely greater than the one measured in 3D
• The analysis of the velocity in the inhomogeneous direction indicates that the

flow is highly intermittent⇒ Intermittency front
• The flow presents a long-range interaction

Experiment 2: Interaction between two isotropic turbulent filed with different kinetic
energy and density but the same spectrum shape

• For small Froude numbers it is formed a separation layer of zero vorticity
• The energy profile in the mixing region is lower than the minimum value im-

posed by the initial condition, which shows the effect of the buoyancy force
work⇒ Energy hole

• The velocity skewness enlightens the generation of an inverse energy flow
and intermittent penetration from the low to the high energy field even in the
case of mild stratification
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