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Environmental applications

Settling of organic and inorganic matter

Dispersion of drifters or floaters

Motion of phytoplankton

Motivation
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Outline of the Presentation

• Physical Problem and Modelling Approach

• Part 1: Flow at surface

• 1.1 Energy spectra
• 1.2 Spectral flux energy

• Part 2: Particles segregation

• 2.1 Source-sink dynamic 

• 2.2 Intermittency in clustering

• Conclusions and future developments
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Physical Problem/Modelling Approach:
Neutrally-buoyant turbulence

• 3D turbulent water flow field at shear Reynolds number: Reτ=  171,   509
• Channel size: Lx x Ly x Lz = 4 π h x 2 π h x 2h
• Pseudo-spectral DNS: Fourier modes (1D FFT) in the homogeneous directions (x and y), 

Chebyschev coefficients in the wall-normal direction (z)
• Time intergration: Adams-Bashforth (convective terms), Crank-Nicolson (viscous 

terms)

Free-slip wall

No-slip wall

SHEAR FREE SURFACE:
    No surface waves
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Physical Problem/Modelling Approach:
Neutrally-buoyant turbulence

Density ratio:



1. Flow at surface
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1. Flow at surface
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1. Flow at surface



1. Flow at surface: Energy spectra

Streamwise energy spectrum of the streamwise velocity
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Streamwise energy spectrum of the spanwise velocity

1. Flow at surface: Energy spectra
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Filtered space techniques (FST) 

Low-pass spatial filter  applied 
to velocity field

Equation motion of filtered 
Kinetic energy

Energy Flux to scale < r at 
each space point

Strain tensor
Stress tensor induced by 
eddies at scales < r 

D.H.Kelley,N. T. Ouellette
Phys.Fluids 23 (2011)

1. Flow at surface: Energy flux
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Low-pass spatial filter  applied 
to velocity field

Equation motion of filtered 
Kinetic energy

 Energy Flux to scale < r at 
each space point

Strain tensor
Stress tensor induced by 
eddies at scales < r 

>0 : transfer to smaller structures
FORWARD TRANSFER

<0 : transfer to larger structures
INVERSE TRANSFER

1. Flow at surface: Energy flux
Filtered space techniques (FST) D.H.Kelley,N. T. Ouellette

Phys.Fluids 23 (2011)
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1. Flow at surface: Energy flux
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Energy flux at free surface



1. Flow at surface: Energy flux
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1. Flow at surface: Energy flux
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1. Flow at surface: Energy flux
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2. Particles segregation 
 Dynamical system:  source - sink
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Constant heat flux

Adiabatic wall
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Thermocline (barrier)
Reduced number of 

Upwelling That reach surface

2. Particles segregation: stably 
stratified turbulence 



Constant heat flux

Adiabatic wall
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2. Particles segregation: stably 
stratified turbulence 

Thermocline (barrier)
Reduced number of 

Upwelling That reach surface



4. Conclusions 

DNS of turbulent open channel flow at Re =171 (and Re =509) 
and for different stratification levels (Ri) was performed

Flow at surface was characterized by surface divergence and 
energy flux

In neutrally-buoyant flow, particles tend to cluster into filaments 
following the dynamics of source and sink induced by 
upwelling and downwelling.

In stably stratified turbulence particles seems to sample more
homogeneously the surface
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Thank you for your

 kind attention
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