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Hypothèse : THI

Question : Quels paramètres fixent la décroissance 
de l’énergie cinétique?

Hypothèses : Décroissance algébrique

Paramètres :

Nombre de Reynolds

Conditions initiales

Pente spectrale à  
grande échelle

K(t) / t�n

K✓(t) / t�n✓
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Exposants de décroissance cinétique
Meldi & Sagaut

366 M. Meldi and P. Sagaut
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FIGURE 1. Histogram representing the distribution of the power-law exponent nu2 related
to the turbulent kinetic energy. The histogram is constructed from ⇠650 experimental and
direct numerical simulation (DNS) values published in international journals during the
last 50 years. Shaded regions are related to possible values found by Meldi et al. (2011)
via a generalized polynomial chaos-based uncertainty analysis for Saffman and Batchelor
turbulence. Dashed vertical lines denote the minimum and maximum values given by
uncertainty analysis considering a uniform distribution of � within the interval [1, 4].

lead to 1 6 � 6 4, but there is at present no general conclusion or consensus as to
the occurrence of turbulent solutions with arbitrary real values of � within the range
[1, 4]. A very difficult point is that there is almost no direct experimental measure of
� : it is usually indirectly deduced from the measured power-law exponents of some
global quantities by inverting an assumed relation between them. Another point is that
direct numerical simulation with a good resolution of E(k) at very large scales in
the high Reynolds number regime is still beyond available supercomputer capabilities.
Therefore, the main sources of realizations are still numerical simulations based on the
closed Lin equation, in which the nonlinear transfer term is modelled by either local
differential approximation models (e.g. Clark & Zemach 1998), or non-local closures
such as the eddy-damped quasi-normal Markovian (EDQNM) model (e.g. Tchoufag,
Sagaut & Cambon 2012).

An important point is that almost none of the theoretical predictions dealing with nu2

have been clearly validated by experimental results up to now. To illustrate this point,
the histogram of ⇠650 values of nu2 retrieved from experiments and direct numerical
simulations published in international journals during the last 50 years is displayed in
figure 1. The possible values associated with both � = 2 and � = 4 found in Meldi,
Sagaut & Lucor (2011), considering realistic variations in the detailed shape of the
energy spectrum, are also plotted. A striking observation is that most experimental
data seem not to agree with theoretical results, showing that the fundamental issue of
determining nu2 is still open. Many interpretations of these discrepancies are possible,
including the fact that turbulence decay may exhibit a marked sensitivity to initial
conditions, which could differ from Saffman’s and Batchelor’s ideal cases (Valente &
Vassilicos 2012).
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Expériences

Meldi & Sagaut 2012
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Simulations numériques

Meldi & Sagaut 2012
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Méthode : Comte Bellot — Corrsin 

Hypothèses :  Forme du spectre + Décroissance 
algébrique

E(k, t) =

⇢
Aks kL(t)  1, 1  s  4
K0"2/3k�5/3 kL(t) � 1

L(t) / (t� t0)
2/(3+s)

"(t) / (t� t0)
�3(s+5/3)/(3+s)
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Méthode : Comte Bellot Corrsin 

"(t) = �dK(t)

dt
=) K(t) / t"(t)

K(t) / (t� t0)
�2(s+1)/(3+s)

Ret =
L(t)

p
K(t)

⌫
/ (t� t0)

(1�s)/(3+s)
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Exposants de décroissance cinétique

Haut Reynolds

Bas Reynolds
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Exposants de décroissance cinétique
Haut Reynolds

s = 1 s = 2 s = 3 s = 4 s = +1
K(t) / t�1 / t�6/5 / t�4/3 / t�10/7 / t�2

"(t) / t�2 / t�11/5 / t�7/3 / t�17/7 / t�3

L(t) / t1/2 / t2/5 / t1/3 / t2/7 Cste
ReL(t) Cste / t�1/5 / t�1/3 / t�3/7 / t�1

Pas physique!!!

Saffman Batchelor

Backscatter
à grande 
échelle
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Comte Bellot Corrsin : Bas Reynolds

K(t) ⇠
Z 1/L(t)

0
Aksdk

K(t) ⇠
Z 1/(�

p
⌫t)

0
Aksdk =

A

s+ 1

✓
1

�
p
⌫

◆(s+1)/2

t�(s+1)/2

K(t) / t�(s+1)/2, "(t) / t�(s+3)/2, L(t) / t(3�s)/4, ReL(t) / t(1�s)/2
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s = 1 s = 2 s = 3 s = 4
K(t) / t�1 / t�3/2 / t�2 / t�5/2

"(t) / t�2 / t�5/2 / t�3 / t�7/2

L(t) / t1/2 / t1/4 Cste / t�1/4

ReL(t) Cste / t�1/2 / t�1 / t�3/2
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Exposants de décroissance cinétique
Bas Reynolds
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Hypothèse : THI => Scalaire passif

Hypothèse : Décroissance algébrique

K(t) / t�n

K✓(t) / t�n✓
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Hypothèse : THI => Scalaire passif

Hypothèse : Décroissance algébrique

Reference Re Predictions

Corrsin (1951) High K / t�10/7 KT / t�6/7

Corrsin (1951) Low K / t�5/2 KT / t�3/2

Nelkin & Kerr (1981) High K / t�6/5 KT / t�6/5

Ristorcelli & Livescu (2004) High K / t�1 KT / t�1
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Très peu de donnée…
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Comte-Bellot Corrsin 

Hypothèses : Forme du spectre

E✓(k, t) =

⇢
AT kp kL(t)  1, 1  s  4
c�"�1/3"✓k�5/3 kL(t) � 1

(1)

"✓ / (t� t0)
�(s+2p+5)/(3+s)

K✓ / (t� t0)
�2(p+1)/(3+s)

Rc =
K
"

"✓
K✓

=
s+ 1

p+ 1
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Exposants de décroissance scalaire
Haut Reynolds

p s = 1 s = 2 s = 3 s = 4 s = +1
1 / t�1 / t�4/5 / t�2/3 / t�4/7 Cste

K✓(t) 2 / t�3/2 / t�6/5 / t�1 / t�6/7 Cste
4 / t�5/2 / t�2 / t�5/3 / t�10/7 Cste
1 / t�2 / t�9/5 / t�5/3 / t�11/7 / t�1

"✓(t) 2 / t�5/2 / t�11/5 / t�2 / t�13/7 / t�1

4 / t�7/2 / t�3 / t�8/3 / t�17/7 / t�1

1 = 1 = 3/2 = 2 = 5/2 ⇠ 1
Rc 2 = 2/3 = 1 = 4/3 = 5/3 ⇠ 1

4 = 2/5 = 3/5 = 4/5 = 1 ⇠ 1
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Exposants de décroissance 
cinétique et scalaire

Haut et Bas Reynolds

Reynolds Cases nK , nKT n", n"T nL, nLT nReL nRe�

High Kinetic �2 s�p+1
s�p+3 �3 s�p+5/3

s�p+3
2

s�p+3 � s�p�1
s�p+3 � 1

2
s�p�1
s�p+3

Scalar �2 s0�p0+1
s�p+3 � s�p+5+2s0�2p0

s�p+3
2

s�p+3

Low Kinetic � s+1
2 � s+3

2
1
2 � s�1

4 � s�1
8

Scalar � s0+1
2 � s0+3

2
1
2

Approche : Comte-Bellot Corrsin
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