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Aim & TOC

• Motivations to study particles in turbulence

• Tracers and particles with inertia

• Finite size (non deformable) particles

• Finite size (deformable) droplets

• Rodlike particles (and why?)



Rain Drops, Cloud Droplets, and CCN

Raind drop size
2mm

CCN size
2micron

Droplet size
0.02mm

Aerosol particles: 1micron - 0.1mm

Introduction
Model and framework

DNS results
Final remarks

Droplets in clouds
Clouds

Orders of magnitude, warm non–precipitating clouds

L 
~ 

10
0 

m

.

. m

! ~ 1 mm

µ

3500 drops/cm

R~1    30

U ~ 1 m/s

number of droplets 1015÷1018

Re 108

L/η 106

Agnese Seminara Droplet condensation in turbulent flows



Tracers

No modeling needed !!

Equation of motion of tracer is:

Particles small “enough” can be described 
as “neutral” tracers.





Particles with inertia

Neutral HeavyLight



All effects of inertia, in a slide...

Bubbles Tracers Heavy

Preferential concentration Filtering of turbulent fluctuations

Heavy
particle

Filtered 
tracer

Tracers at particle 
position

Toschi and Bodenschatz. Lagrangian properties of particles in Turbulence. Ann. Rev. Fluid Mech. (2009) vol. 41 pp. 375-404



β-St plane



iCFDdatabase2

http://mp0806.cineca.it/icfd.php



Finite size (non deformable)

• Particles that are large with respect to turbulent 
scales do have an effective inertia even when 
neutrally buoyant (e.g. plankton aggregates)

• What is the relations between size-induced and 
density-induced inertia ?

• How to model these effect computationally ?

• How to validate the computational model ?
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Equation of motion

Particle radius
Particle diameter



PP vs. FC models

Calzavarini et al. Acceleration statistics of finite-sized particles in turbulent flow: the role of Faxén forces. J Fluid Mech (2009) 
vol. 630 pp. 179



Large “pointwise” particles: flatness of acceleration

Impact of trailing wake drag on the statistical properties and dynamics of finite-sized particle in turbulence 
Enrico Calzavarini, Romain Volk, Emmanuel Leveque, Jean-Francois Pinton, Federico Toschi http://lanl.arxiv.org/abs/1008.2888



Finite size deformable droplets
• Physics of finite size particles plus surface tension

• Transfer of energy from fluid to elastic modes 
(and viceversa)

• How is turbulence affected by the presence of 
droplets?

• How do properties of (deformable) droplets differ 
from rigid droplets ?



• Turbulence

• Inertial force

• Surface tension force

• Weber number

J.O. Hinze, A.I.Ch.E, (1955)

Dimensionless numbers



d > dmax: Droplet breaks
d < dmax: Droplet does not break

Hinze 1955

J.O. Hinze, A.I.Ch.E, (1955)

K41



Numerical approach



We use D3Q19 BGK LB model

with multicomponent Shan-Chen

Technique inspired to the 
continuum Boltzmann equation

Lattice Boltzmann Method (LBM)



Shan and Chen. Lattice Boltzmann Model for Simulating Flows with Multiple Phases 
and Components. Phys. Rev. E 47, 1815 (1993).

LBM: multicomponent SC



Random phases generated from 
Ornstein-Uhlenbeck process

Convincing LBM to go turbulent

Forcing: Large scale forcing in first two Fourier modes 



LBM: Energy and enstrophy



Results



Droplet breakup in turbulence



Towards a stationary state… 



Droplet radius vs. time



Droplet deformation

Volume V



Deformation, dissipation and breakups



Rodlike particles (why?)



Rodlike particles



A priori rod evolution
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The end.


