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A little bit of history

2002 - 2005 PhD   Close to the machine 

Raffaele (Lele) Tripiccione (1956-2021) Lattice QCD   

The age of universality 
Kolmogorov  vs.  Bolgiano-Obhukov scaling 

Homogeneous isotropic turbulence vs. Homogeneous Rayleigh-Bérnard   

Dissipative anomaly vs. Ultimate regime of Heat-transfer    

Turbulence  

F. Toschi  L. Biferale  R. Benzi  

Gravitational Waves   

Matched filters for 
coalescing binaries 
detection on massively 
parallel computers,

 E. Calzavarini et 
al., Comp. Phys. 
Comm.  2003
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A little bit of history

2005 - 2008  University of Twente (NL) , Physics of Fluids group

The non-Oberbeck- 
Boussinesq (NOB) 
Pandora box 

Water


Glycerol


Ethane liquid


Ethane gas

The age of complications

Detlef Lohse

Guenter Ahlers 

Siegfried Grossmann 
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A little bit of history

2008 - 2010  Ecole Normale Supérieure de Lyon

Jean-François Pinton

Von Karman Flow (a.k.a. the french washing machine)

LEM (Lagrangian exploration module)Inertial particles in turbulence

R. Volk  M. Bourgoin  E. Lévêque  

Simulations  ↔  Experiments
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A little bit of history

2010 - now  Université de Lille  - Polytech’Lille                                       LML  →   2018 UML 

Phase-changePlankton dynamics

The age of couplings

Material particle dynamics Thermal convection 

Turbulence 
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1. My path (a little bit of history) 

2. MCF in Lille (2010 -today) 

3. The work ahead (some ideas)
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Developing a CFD code 
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Started as industrial project: deconfinement of LNG cold gasses CH4

OPEN CODE 
https://github.com/ecalzavarini/ch4-project

Choice of Boltzmann equation methods

Kalyan 

fluid dynamics

c

gas dynamics

Lagrangian 
tracking for 
point-like 
particles   

Hamid 

Enthalpy method  
for Phase change   

Babak 

Conjugate heat 
transfer 

Ziqi 

IBM method got 
finite-size particles  

Linfeng 

Particle-fluid two-way 
couplings   

Ousman 



Material particles transported by turbulent flows

Phase-change phenomena interacting with fluid flows

Part 1

Part 2
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Part 1  
Particles transported by 
turbulent flows

Accelerations, rotations settling and … microorganisms
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A particle does not go with the flow

12

Hydrodynamic forces on a particle?
Small inertial particles (point-particles) 
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Boussinesq (1885), Basset (1888), Oseen (1927)  ->  BBO eq. 	

Tchen (1947), Corrsin-Lumley(1956)	

Maxey-Riley (1983), Gatignol (1983) -> MRG  eq.  extension to non-uniform creeping flows
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Corrections to the small inertia limit

- Lift force (Saffman 1965, Auton JFM 1987) 

- Finite-Reynolds effect: drag correlations (e.g. Shiller-Naumann  1933)

- Finite-size effect (Faxén laws 1922) 

u

4 L. Jiang and other

where u(x, t) denotes the fluid velocity vector field, p(x, t) is the hydrodynamic pressure,
and the parameters are the kinematic viscosity ⌫ and the reference liquid density ⇢.
The vector field f refers to the external force sustaining the HIT flow. The particle-
free turbulent flow intensity is here identified by a single dimensionless parameter,
the Reynolds number based on the Taylor microscale, Re� = �u

0
/⌫, where u

0 =p
huiuiiv,t/3 is the root-mean-square (r.m.s.) velocity of the turbulent flow (h. . .iv,t

denotes here volume and time average), � =
p

15⌫u02/✏ is the Taylor length scale and
✏ = (⌫/2)⌃i,jh(riuj +rjui)2iv,t is the mean global energy dissipation rate.
The translation and rotation of rigid-body material particle is governed by the Newton-

Euler equations (NEE):

mp
dv

dt
= F+ Fc, (2.3)

dI⌦
dt

= T+Tc, (2.4)

where v(t) = dr/dt and ⌦(t) are the particle velocity and angular velocity vectors of
a particle at position r(t) with mass mp = ⇢pVp (⇢p the particle density and Vp the
volume) and I the moment of inertia tensor. Note that since we consider neutrally
buoyant and homogeneous particles, ⇢p = ⇢, this allows neglecting the buoyancy force in
the particle equation of motion as well any gravity-induced torque. Hence F and T in
(2.3)-(2.4) denote here the hydrodynamic force and torque acting on the particle, which
are formally written as:

F =

I

Sp

� · n dS (2.5)

T =

I

Sp

(x� r)⇥ (� · n) dS, (2.6)

where � = �pI+⇢⌫(ru+ruT ) is the fluid stress tensor, x�r the position vector relative
to the particle center and n the outward-pointing normal to the particle surface Sp.
While Fc and Tc are the additional impulsive forces and torques related to the particle-
particle collisions (the so-called four-way interaction).The two-way coupling, meaning
the coupling between the fluid and the particles is provided by the requirement of no-slip
boundary condition on the particle surfaces (see below for its numerical implementation).

For an axisymmetric particle with symmetry axis identified by a unit vector p, as
the ones we consider in this study, the angular velocity ⌦ can be decomposed into the
tumbling rotation rate, ṗ = ⌦ ⇥ p, the spinning rotation rate, ⌦s = (⌦ · p)p (Voth &
Soldati 2017). These will be key quantities in our analysis of particle angular dynamics.
Similarly, it will reveal useful in our analysis to distinguish between axial and lateral
accelerations, a = dv/dt, denoted ak = (a ·p)p and a? = a⇥p respectively. The shape
of an axisymmetric spheroid is characterized by the aspect ratio, ↵ = l/d, where l and
d are the sizes of the symmetry axis and of the one perpendicular to it. We will use the
volume equivalent diameter Dv = (d2l)1/3 = d ↵

1/3 as a parameter to compare the size
of particles with di↵erent shapes.

On the computational side: the NSE turbulent dynamics is here numerically simulated
by means of a Lattice Boltzmann Method (LBM) code, the ch4-project (Calzavarini
2019) which has been already extensively employed in studies of Lagrangian tracers and
point-like particle dynamics in turbulence (Mathai et al. 2016; Calzavarini et al. 2020;
Jiang et al. 2020, 2021). The code uses a tri-linear scheme for the Lagrangian-Eulerian
frame interpolations. The computational domain is cubic with equispaced grid sizes, 1283
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Rigid body motion + Navier-Stokes + no-slip b.c.

A particle does not go with the flow

And for even bigger particles? 



Inertial particles in turbulence
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Why is it challenging? How to study it? 

• Statistical approach


• Experimental measures


• Validate models using 

computer simulations 

particle density

particle size

Clustering, segregation, modified collision rates


modulation of settling speeds


global drag reduction/enhancement,…

Complex phenomenology 

Nonlinear, Chaotic, Intermittent, 
Multiscale, Energy-cascading flow
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Re → ↑

EC, Kerscher,Lohse, Toschi JFM 2008

EC, Cencini, Lohse, Toschi PRL 2008



 Accelerations of particles in turbulence
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 Accelerations of particles in turbulence

Temporal filter of fast timescales t< τp  → ejection from vortices

Added mass acceleration → injection into vortices

High acceleration

Low  acceleration

Mass density effect
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 Accelerations of particles in turbulence
Size effect

EC, Volk, Bourgoin, Leveque, Pinton, Toschi, JFM (2009)

Y. Fan, C.Wang, L.Jiang, C.Sun EC,  EPL (2024)
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Spatial filter of small structures →  Gaussianization

Coarse-grained scalings
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Encounter with bubbles 

 Accelerations of particles in turbulence
Buoyancy effect

Experiments of tiny bubbles
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Varghese Mathai

 

Experiment  Twente Water Tunnel 

V. Mathai, EC,  J. Brons, C. Sun,  D. Lohse, PRL (2016)
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 Accelerations of particles in turbulence
Shape effect

L. Jiang, C. Wang, S. Liu, C. Sun, EC, JFM (2022)
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Figure 4. (a) Normalized single component acceleration variance as a function of the normalized
particle size Dv/⌘ at Re� = 120 for real particles (RP: solid symbols) and volume averages (VA:
open symbols). The dashed lines are the fitting lines for spheres of RP (exponent�1.0±0.1). Inset
in (a) shows the ratio of acceleration variance of VA to acceleration variance of RP, ha2

i iV A/ha2
i i,

as a function of Dv/⌘. (b) Normalized componentwise acceleration variance as a function of the
normalized particle size Dv/⌘ at Re� = 120 for real particles (RP: solid symbols) and virtual
particles (VP: open symbols). The dashed lines are the fitting lines for spheres of RP. Inset in
(b) shows the ratio of acceleration variance of VP to acceleration variance of RP, ha2

i iV P /ha2
i i,

as a function of Dv/⌘. (c) The ratio of axial variance h(a · p)2i to lateral variance h|a⇥ p|2i of
particle acceleration as a function of aspect ratio at Re� = 120 for RP (triangles), VA (square),
and VP (circles), respectively. The black dash-dot line denotes the results of Je↵ery tracers. The
color represents the normalized particle size Dv/⌘ in the logarithmic scale.

accelerations fluctuations of VP particles is closer to the ones of RP particles (see insets in
Figure 4(a and b) where their ratio is plotted). Note that the acceleration variances of VA
and VP represent respectively the volume averaging of the fluid flow acceleration in the
fixed frame (Eulerian perspective) and in an advected frame (Lagrangian perspective).
Therefore, these results stress that the scaling behaviour of the translational dynamics
is dominated by the volume averaging instead of other surface forces such as e.g. the
drag. However, an interesting question is: Why VP are capable to better approximate
the statistics of real particles than VA? This might be due to preferential sampling of fluid
structures along their Lagrangian trajectories, a fact that we tend to exclude because we
know that these particles do not form clusters, or this might come from a preferential
orientation in space (that is dynamical for the RP and VP cases while absent for VA).
This is at odds with the expectations that particles of sizes well into the inertial range,
shall become randomly oriented due to the averaging of turbulent fluid fluctuations that
results from the spatial volume filtering.

In order to understand if any correlation exists between the particle acceleration and
its orientation, we look at the ratio of the particle axial acceleration variance h(a ·p)2i to
the lateral acceleration variance h|a⇥ p|2i as a function of their aspect ratio, Figure 4c.
For spherical particles (↵ = 1), no preferential alignment is expected between a and p,
even for various sizes, due to the full rotational symmetry of the body shape. For the non-
spherical case, a value of the ratio di↵erent from 0.5 marks the existence of preferential
orientation.

We find that the oblate particles preferentially align with their acceleration (h(a ·
p)2i/h|a⇥ p|2i > 0.5) and the prolate particles are predominantly perpendicular to the
acceleration (h(a · p)2i/h|a ⇥ p|2i < 0.5). It also turns out that the alignment of large
particles is identical to that of Je↵ery fluid tracers (JFT), which indicates that the align-
ment is insensitive to the particle’s size. This is further confirmed by the measurements of
the PDFs of |cos(✓a,p)| for various sizes and shapes (see Figure 5), where ✓ap defines the
angle between the acceleration vector a and orientation vector p. The particular trend of
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ṗ = !→ p

spinning rate
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with the intermediate eigenvector of the instantaneous strain rate tensor ê2. From this empirical
fact, it naturally follows that fibers should have p preferentially along ê2, whereas disks should
have p preferentially in the plane of ê1 and ê3. Conservation of angular momentum causes the
vorticity to also preferentially align with the direction in which the fluid been stretched. This leads
to particles with a long axis aligned with the vorticity vector (Ni et al. 2014). Most features of
rotations of neutrally buoyant particles can be understood in this framework. Fibers tumble slowly
because they are aligned with vorticity, so it does not contribute to ṗ. Disks preferentially have
p perpendicular to the vorticity, so vorticity contributes strongly to tumbling but almost nothing
to spinning. Because strain cannot contribute to the spinning of axisymmetric particles, disks spin
very slowly.

5.2.2. Rotations in turbulent shear flows. In shear flows, particle rotation has been extensively
studied in laboratory coordinates. Marchioli & Soldati (2013) reported the mean and root mean
square rotation statistics for inertial fibers as a function of distance from the wall. Challabotla et al.
(2015a,b) provided the same statistics for disks and neutrally buoyant particles. L. Zhao et al. (2015)
recently connected much of what we know about rotations in homogeneous isotropic turbulence
with what we know about tracer and inertial particles in turbulent channel flow. They decomposed
rotations into spinning and tumbling and observed statistics near the channel centerline that are
very similar to earlier results in isotropic turbulence. The addition of particle inertia results in
relatively small changes near the channel centerline, with both the spinning and tumbling rates
decreasing for heavier particles. However, near the wall at z+ = 10, the relative importance of
spinning and tumbling changes dramatically. The changes are largest for inertial particles. For
example, heavy disks spin much faster than heavy fibers, the opposite of the isotropic turbulence
trend in Figure 8.
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Figure 8
Mean square rotation rate as a function of aspect ratio for tracer particles in homogeneous isotropic turbulence.

www.annualreviews.org • Anisotropic Particles in Turbulence 265

A
nn

u.
 R

ev
. F

lu
id

 M
ec

h.
 2

01
7.

49
:2

49
-2

76
. D

ow
nl

oa
de

d 
fro

m
 w

w
w

.a
nn

ua
lre

vi
ew

s.o
rg

 A
cc

es
s p

ro
vi

de
d 

by
 T

ec
hn

is
ch

e 
U

ni
ve

rs
ita

et
 W

ie
n 

on
 0

1/
12

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.

α

<latexit sha1_base64="0qlcPdu5njyAbFDH3lDM0E9DVD0=">AAACC3icbVA9SwNBEN2L3/Hr1NJmMQg2hrsQ1DJoY6lgopA7w95mYpbs7R27c2I4rrfxr9hYKGLrH7Dz37j5KPx6MPB4b4aZeVEqhUHP+3RKM7Nz8wuLS+XlldW1dXdjs2WSTHNo8kQm+ipiBqRQ0ESBEq5SDSyOJFxGg5ORf3kL2ohEXeAwhTBmN0r0BGdopY670w6QZZ08AGTFdb5fK2iAcIc6zjMl0BQh7bgVr+qNQf8Sf0oqZIqzjvsRdBOexaCQS2ZM2/dSDHOmUXAJRTnIDKSMD9gNtC1VLAYT5uNfCrprlS7tJdqWQjpWv0/kLDZmGEe2M2bYN7+9kfif186wdxTmQqUZguKTRb1MUkzoKBjaFRo4yqEljGthb6W8zzTjaOMr2xD83y//Ja1a1T+o1s/rlcbxNI5Fsk12yB7xySFpkFNyRpqEk3vySJ7Ji/PgPDmvztukteRMZ7bIDzjvX6e0m3M=</latexit> [⌧
�
2

⌘
u
n
it
s]

<latexit sha1_base64="jeR6HPAOCjWW/WDE/SHvRmWO9Ss=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkVI9FLx4r2A9IQ9lsN+3SzW7YnQgl5Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu7nfe2LacCUfYZawICZjySNOCVjJH0Sa0MzLs2Y+rNbcursAXideQWqoQHtY/RqMFE1jJoEKYozvuQkEGdHAqWB5ZZAalhA6JWPmWypJzEyQLU7O8YVVRjhS2pYEvFB/T2QkNmYWh7YzJjAxq95c/M/zU4hugozLJAUm6XJRlAoMCs//xyOuGQUxs4RQze2tmE6ITQFsShUbgrf68jrpXtW9Zr3x0Ki1bos4yugMnaNL5KFr1EL3qI06iCKFntErenPAeXHenY9la8kpZk7RHzifP0JCkUA=</latexit>

1

6

<latexit sha1_base64="B1D8vDqOXPG3TPfSExBIHdALeJ8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v1IYZJ5eeY18mG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhNK/4qaYSkyke04GlAsdUB9ni5hxdWGWEokTZEgYt1N8TGY61nsWh7YyxmehVby7+5w1SE90EGRMyNVSQ5aIo5cgkaB4AGjFFieEzSzBRzN6KyATbGIyNqWJD8FZfXifdRt27qjcfmrXWbRFHGc7gHC7Bg2towT20oQMEJDzDK7w5qfPivDsfy9aSU8ycwh84nz+vaJF3</latexit>

1

12

<latexit sha1_base64="JsrJqt9W0smWzpUzTg9VsBtmuP8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2pc176pWf6hXG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AD84kT4=</latexit>

1

4

Parsa, EC, Voth, Toschi,  PRL 2012 

disk 
sphere

rod 



21

tr
ac
er

i
i

i
i

Ω
Ω

Ω
Ω

vD η

vD η

VA
i

i
i

i
Ω
Ω

Ω
Ω

RP & VA

-4/3

=1/ 2α =1α =2α =4α
RP 
VA 

vD η

b

VP
i

i
i

i
Ω
Ω

Ω
Ω

RP & VP

-4/3

a

tr
ac
er

i
i

i
i

Ω
Ω

Ω
Ω

=1/ 2α =1α =2α
RP 
VP 

vD η

The large particle case

Rotations of particles in turbulence

L. Jiang, C. Wang, S. Liu, C. Sun, EC, JFM (2022)
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an isotropic vector, upon time and ensemble averaging Eq. (2.13), one obtains:
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Note that the last equality follows from the statistical properties of the HIT flow, where
1
2 h!

2i = 2hS : Si = ✏/⌫ (Parsa et al. 2012; Byron et al. 2015). This would produce
only a mild variation of the spinning to tumbling ratio across the whole range of aspect
ratios, as it is shown in Figure 7a (blue solid curve). However, it is known that small
particles develop strong correlations with velocity gradients that are responsible for a
sharp deviation from this prediction. The present Je↵ery’ models simulations clearly
show this behaviour in Figure 7a (spheres symbols). Incidentally, we note that our results
at Re� = 120 agree with previous numerical study (dashed line) at Re� = 433 (Byron
et al. 2015), underlying the weak Re� dependence of this phenomenon. For spheres, the
angular velocity is isotropic and the ratio h⌦s

i⌦
s
i i/hṗiṗii stays around 0.5 for all cases.

A marked asymmetry exists between oblate and prolate particles, while the first tumble
intensely the seconds are spin dominated, as they tend to align with the vorticity vector
(Voth & Soldati 2017; Parsa et al. 2012). Futhermore, a saturation of these behaviours
is observed in both cases for extreme aspect ratios, i.e. ↵ . 1/4 and ↵ & 1/4.
What happens when particles have a finite size? A naive K41-based prediction would

suggest that the tumbling scales with the length hṗiṗii ⇠ l
�4/3 and that the spinning

scale with the h⌦s
i⌦

s
i i ⇠ 0.5d�4/3 (where the 0.5 factor comes for the matching with the

spherical case) so that
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hṗiṗii
⇠ ↵

4/3
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However, this prediction falls largely o↵ the result of the simulations, where we see a
marked decreasing Dv dependence of the ratio of the mean square spinning to tumbling
rate (see Figure 7a and b). Larger particles in proportion spin less and tumble more.
This is indeed true for all aspect ratios except for spheres (see Figure 7 d). It has been
pointed out by (Oehmke et al. 2021), that these types of dimensional reasoning ignore
the decorrelation of the velocity field along the particle surface. The rotation rates stem
from the integral of the velocity gradients along with the particles and as such e.g.
the spinning rate can be much attenuated in long fibers (↵ � 1). This integral e↵ect is
possibly more important when both the diameter and the length are much larger than the
dissipation scale. As a consequence, the scaling behaviors of the spinning and tumbling
rate can deviate from K41-based scalings as another length scale is involved, and the
ratio h⌦s

i⌦
s
i i/hṗiṗii becomes to be a function of the particle size.

The experiments by Oehmke et al. (2021), the only to date to have measured both the
spinning and tumbling of finite-size particles, find that for prolate fibers the variance of
the spinning rate is always larger than the variance of the tumbling rate. These authors
comment that the observed behaviour “surprisingly resembles that observed previously
for sub-Kolmogorov fibers”. These observations are fully confirmed by our simulations
(see Appendix B for a more detailed comparison). However, we additionally observe a
new feature:
The ratio h⌦s

i⌦
s
i i/hṗiṗii for oblate and prolate spheroids shows systematic decreasing

trends as the particle equivalent size increases, and this for both Re� = 32 and Re� = 120.
For oblate spheroids (↵ = 0.5), the ratio becomes vanishingly small at increasing

their size, which indicates that the oblate spheroids hardly spin when their size is large
compared to the dissipation scale. Similarly, prolate spheroids of large size reduce their
spinning to the point that it becomes smaller than tumbling ( Figure 7a).
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Rotations of particles in thermally driven turbulence

L. Jiang, E.C., C.Sun, JFM (2020)

E.C, L. Jiang, and C. Sun, Phys.Fluids (2020)
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H. Ardeshiri, F.G. Schmitt, S. Souissi, F.Toschi , E.C.,  J. Plankton Research (2017)

Copepods

Copepods as motile Lagrangian particles

With F. G. Schmitt 
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Agiturb

Postdoc:  Clotilde Le Quinou C. Le Quinou, F. G. Schmitt, Y. Huang, E. C. , S.Souissi, Eur. Phys. J. Plus  (2022)

With F. G. Schmitt 

 Swimming Microorganisms in turbulence



Part 2: 
Phase-change processes in the presence of flows

Melting, freezing and… aging

26



Melting and Thermal Convection 
Motivation: Global warming and Arctic melt ponds

Stage 1 
May  - June

Formation

Stage 2 
June - July

 Growth 

Stage 3 
June - July

Floe disintegration

Stage 4 
Aug.-Sept.

 refreezing

ice

snow
water

Melt pond-related physical processes and lifecycle

Stage I : Formation, late May – Mid-June

Sea ice

Snow cover
Melt pond

Eicken et al., 
2002

• Snow and sea ice surface melt feed melt ponds
• Lateral water transport – losses in cracks
• Impermeable ice => large hydraulic head, initiation of vertical drainage

warmer ~ 2oC
denser surface water 

Arctic ice melt ponds are unstably stratified  →  Thermal convection speeds up melting

cold ~ 0 o C 
lighter water and ice bottom

hmax ~ 1 m
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RB

 Fetterer, F., and N. Untersteiner, 	

Observations of melt ponds on Arctic sea ice, 	

J. Geophys. Res., 103, (1998)

Silvia Hirata



Convective melting
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2D

B. Rabbanipour, S.Hirata, S.Berti, EC. Phys. Rev. Fluids (2018)

3D

St

St

Global scaling laws 



29

Hill & Jaupart 
glycerol 
experiment

from X.Hill 
(1996) PhD 
thesis

Melting topography

Roughness depth / lenght

B. Rabbanipour, S.Hirata, S.Berti, EC. Phys. Rev. Fluids (2018)



Melting of multiple melt ponds 
Sensitivity to small scale heat transfer mechanism

30A. Scagliarini, EC, D. Mansutti and F. Toschi Springer INdAM Series, (2020)
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c =
2

7

classical

anomalous

. .. radiation-conduction

convection

ice thickness

water thickness 
(=pond depth) 

Melting rate

Seepage rateMeltwater flux

.

.

h(x,y,t), w(x,y,t)
A. Scagliarini (CNR, Rome)



Convective Freezing in the lab  
Experimentalists prefer freezing

31

Chao Sun 

Z. Wang, EC, C. Sun, F. Toschi, PNAS (2021)


Constant 
Temperature

Tt <  0 oC 

Adjustable 
Temperature

Tb > 0 oC

Ice water 
interface

T = 0 oC

Starting situation Equilibrium state

water water

ice

h0

Time



Boxes of all kinds  
RB varying box 
aspect ratio Γ
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Z. Wang, EC, C. Sun, EPL (2021)

the Large Scale Circulation 
determines the topography 

Z. Wang, L. Jiang, Y. Du, C. Sun, EC Phys. Rev. Fluids (2021)

Inflexion point due 
to density 
anomaly

Tb

T b
 =

 1
2o

 C

VC varying 
heating 
temperature



Just adding some salt 
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The ice is porous, 

is a mushy layer 

More than diffusive growth

Ice layer growth in salty water

Tm<0

Y.Du, Z.Wang, L.Jiang, EC, C.Sun, JFM (2023)

Observed 
regimes

2 days



Ice aging A very long time scale
~20 days experiments

34 Y.Du, Z.Wang, EC,  C.Sun,  PRL (2025)

DNS of final state

Ice thickness Bulk salinity Ice Porosity
RB VC



Freezing and melting in the presence of flows
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Perspective Du, Calzavarini, Sun, Nature Reviews Physics (2024)



1. My path (a little bit of history) 

2. MCF in Lille (2010 -today) 

3. The work ahead (some ideas)
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Particles
Transport in non-homogeneous  and  non-stationary flows

37

with applications to thermal energy storage

Tom Lacassagne

Amir Bahrani (IMT)

Luz

Stefano Berti
Ocean mixed-layer model Varghese Mathai


Univ. Massachusetts  

Experiment 

Simulations 

Decaying turbulence

Thermal/mechanical particle feedbacks on convective flows

Ousman 

Silvia HIRATA

Particles and convective onset



Effect of turbulence variability in space and time on copepods: experiments

Plankton

Adrien Defamie 

Learning from data to conceive new mechanistic models

F.G.Schmitt 
A.Delegrange 

M.Obligado 
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Ice
High-fidelity simulations of salty-ice evolution ↔ lab experiments

Interact with geoscientists!

Martin Vancopenolle
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Jin Hu (PDoc)

Role of entrapped air 
bubbles

With Chao SUN 
(Beijing) 

Discrete elements model of sea ice 
Manucharyan & Montemuro (2022)

sea ice transport dynamics?? Lab-scale analogues of 
geophysical processes??

Freezing/melting in porous media  
and mushy-ice

Takwa Abdallah

With  
F. Zouestiagh 
A. Duchesne

S. Hirata



Thanks!
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