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Phenomenological models: spatio-temporal Richardson cascade
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How many (and which) degrees of freedom do we need to preserve the main 
statistical properties  of NS turbulence? 
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LARGE EDDY SIMULATION

Cutoff + Model for small scales 
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Enstrophy equipartition: 
5/3 Kolmogorov spectrum



  

The simplest case:

As vortices in real 
3D turbulence, 

shock produces 
a non-trivial 

statistics in the 
Burgers' 

velocity field.



  

  Real space evolution at changing of fractal dimension: 

Shock evolution in 
energy decaying

Random small 
scales 

structures



  

 Statistical properties at different Fractal dimensions:  

Intermittency is washed 
out. 

Self-similar fluctuations 
are introduced by 

decimation



SELF- SIMILAR SURGERY OF NAVIER-STOKES 
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DF 2.5 2.8 2.98 2.99 2.999 3.0

3% 25% 87% 93% 99% 100%
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DYNAMICAL  FILTER
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APOSTERIORI FILTER
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Lagrangian Intermittency



  

Lagrangian Intermittency

Bridge Relation between Lagrangian 
and Eulerian increments

In the Multifractal terminology:



  

Homogeneous 
and Isotropic 
turbulence



Lagrangian Intermittency in fractally decimated Turbulence 



  

Conclusions

+    QUANTIFY IMPORTANCE OF LOCAL VS NON-LOCAL TRIADIC 
INTERACTIONS

+    CORRECTION TO FLUCTUATIONS: HUGE. SMALL SCALE VORTICITY IS 
STRONGLY SENSITIVE TO DECIMATION. “CHOERENT” SMALL-SCALE 

STRUCTURES FEEL GLOBAL CORRELATIONS ACROSS SCALES IN 
FOURIER.

+    HOW TO BRING INTERMITTENCY BACK TO DECIMATED NS 
EQUATIONS?

+    THE INTERMITTENCY DISAPPEARS ALSO IN THE LAGRANGIAN 
STATISTIC, FOLLOWING THE BRIDGE RELATION. 

-     WE STILL MISS A CLEAR DEFINITION OF INTERMITTENCY IN 
FOURIER SPACE
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