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I am an old man now, and when I die and 
go to Heaven there are two matters on 

which I hope enlightenment. One is 
quantum electro-dynamics and the other is 

turbulence.

About the former, I am really rather
optimistic

Sir Horace Lamb (1932)
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What’s Turbulence

« Turbulence was probably invented by the Devil on the seventh 
day of Creation when the Good Lord wasn’t looking » (P. 
Bradshaw, 1994)

« Turbulence is the graveyard of theories » (H.W. Liepman)

« … the absence of a sound theory is one of the most disturbing 
aspects of the turbulence syndrome » (R.W. Stewart)

« As a doctorate I proposed to Heisenberg no theme from 
spectroscopy but the difficult problem of turbulence, in the hope, 
that if anybody, would solve this problem. However, the problem 
is until now not solved. » (A. Sommerfeld, 1942)
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Turbulent flows: illustration and definition
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Turbulent	
  mixing	
  layers
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Sphere	
  wake

Backward	
  facing	
  step
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Turbulence & scalar transport

Isotropic	
  turbulence

Turbulent	
  jet
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Turbulent	
  kine=c	
  energy	
  
dissipa=on
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What is a turbulent flow ?
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Turbulence and 
predictions
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Wave Turbulence
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Natural convection
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Natural convection
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Instantaneous streamwise velocity

Turbulence & Aeroacoustics
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Acoustic sources Div・(u x ω)
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Methods of analysis

Probability
Dimensional analysis
Asymptotic invariance
Local invariance

Statistical mechanics
Geometry and Topology
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What is a turbulent flow ?

No rigorous definition of Turbulence is available
Turbulent flows are flows which exhibit the 
following features:

1. Three dimensionality
2. Unsteadiness
3. Chaotic
4. Rotational
5. Dissipative
6. Highly diffusive (high mixing property)
7. Multi-scale (Broadband energy spectrum)
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A survey of critical 
experiments 
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3	
  scenarios
Ruelle-­‐Takes
Feigenbaum
Pomeau-­‐Manneville

Transition to turbulence and symmetries
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(Van	
  Dyke,	
  Album	
  of	
  fluid	
  mo5on	
  1982)

Grid Turbulence
h	
  =	
  1/6	
  cm;

w	
  =	
  6cm

Re=1500
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Grid Turbulence: homogeneous

Isotropic
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Self-­‐similarity

Kaneda	
  &	
  Ishihara
JOT	
  2006
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Wake-­‐flow

PIV
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Turbulent	
  boundary	
  layer

3,3m

Re=3500 Intermi(ency

mercredi 5 octobre 2016



Wall-bounded flows: the 2-scale problem

Outer region
• Dissipation
• Stucture size ~ δ

Inner region
• Production
• Dissipation
• Structures: streaks
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del	
  Alamo,	
  Jimenez,	
  Zandonade,	
  Moser	
  JFM	
  
2006

Turbulent	
  channel

discriminant	
  velocity	
  gradient	
  tensor
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Drag	
  Coefficient	
  and	
  dissipa=on

Landau	
  &	
  Lifshitz	
  FM

Plaque	
  plane Cylindre
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Boundary layer
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Turbulent scales
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Zeroth	
  law	
  of	
  Turbulence GI	
  Taylor	
  1935

Sreenivasan	
  phys	
  fluids	
  1984
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Kaneda	
  et	
  al.
Zeroth	
  law	
  of	
  Turbulence
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Pearson	
  et	
  al.	
  Phys	
  Fluids	
  2002

Zeroth	
  law	
  of	
  Turbulence
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Bounded	
  Flows

Cadot	
  et	
  al.	
  PRE	
  1997
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Present physical model

Framework:

• Incompressible flow

• Single phase flow

• Single species flow

• Newtonian flow

• passive scalar for temperature/pollutant modelling

• no coupled dynamical field (magnetic field, density, …)
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Governing equation
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Preliminary remarks

Poisson equation for pressure (elliptic equation)

General Green-function-based solution

Consequences:
 physical inconsistency in the acoustic limit

 pressure = enslaved Lagrangian, not independent physical 
variable
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vortex stretching
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Equation simmetry
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