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Solid-Fluid Transfer
MICHEL PONS

The specificity of the Solid-Fluid Transfer group relies in its know-how in heat transfer and energetics, a
field constantly revisited by new experimental techniques new materials, or new challenges (e.g. microand nano-scales). The Solid-Fluid Transfer group investigates varios scientific issues: two-phase flows,
oscillating flows, solid/superfluid interface and micro-nano junctions, and applied convective transfers.
We thus have developed experimental skills in Particle Image Velocimetry, Laser Doppler Velocimetry,
Piezoelectric pressure sensors (for acoustic streaming in large-scale thermoacoustic machines), hot
wires in thermal plumes, and thermal probes (Kapitza resistance in cryogenics conditions, i.e. below 2K).
We also developed numerical skills, such as HPC and massively parallel divergence-free models with
front-tracking for two-phase flows (massively parallel code BLUE), liquid-gas flows with weakly
compressible gas, Monte-Carlo transport of phonons in micro- and nano-junctions, simulation of
photovoltaic panels under low concentration, dynamic simulation of linear Fresnel concentrators for
concentrated solar power, simulation of secondary refrigeration loops with two-phase slurries, and
Second Law analyses of solar processes.
Our fundamental aims are: (1) to finely understand the basic phenomena involved in complex or
innovative transfer problems, (2) to correctly simulate them, (3) to improve their efficiency, e.g. via
intensification of heat-transfer, separation, or reduction of irreversibilities.
We thus address issues related to thermal- or energy-engineering, and try to build bridges between
theoretical investigations and applications. We are involved in various applications such as heattransfers at nano-scales, solar energy, design of superconducting cavities of particle accelerators, or
flow-control by modulated heating.
The skills listed above have often been developed thanks to the precious help of other people in the
Mechanical-Engineering Department, namely F. Lusseyran (AERO group) for PIV and LDV techniques, J.
Chergui (CIGITA) for parallelization of numerical codes with front-tracking or with thermal problems, V.
Daru and P. Le Quéré (AERO group) for numerical simulation of two-phase flows, Y. Fraigneau (CIGITA)
for simulating thermal plumes around a hot wire.
As a summary, the Solid-Fluid Transfer group currently consists of two CNRS researchers, one professor,
seven assistant professors, one research engineer (only half-time for the group), and five PhD students.
We collaborate with various French laboratories, namely FAST, IPNO, IEF, GeePs (ex-LGEP), LadHyX,
IRSTEA, CEA/IRFU, CEA/LITEN, EM2C, PMMH, Pprime, LAUM, PIMENT, RAPSODEE-ENSTIMAC, and
foreign institutions like Hongik Univ. (South Korea), ETH (Zürich, Switzerland), Univ. Houari Boumediene
(Algeria), Univ. Marrakech (Morocco), École Polytechnique Tunisie, Tech. Inst. Phys. Chem. Beijing, Inst.
Refrig. and Cryog. Zhejiang Univ., Hangzhou (China), and MIT (USA).
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Research activities
Topic 1: Two-phase flows, dynamics and transfers
M.-C. Duluc, D. Juric, N. Grenier, A.-H. Ebo Adou, B. Xu, with contributions of V. Daru (AERO), J. Chergui
(CIGITA), P. Le Quéré (CORO)
Massively parallel DNS 3D code for multiphase flows: BLUE
BLUE has been developed by LIMSI in strong collaboration with S. Shin (Hongik Univ., Seoul, Korea), see
our previous scientific reports. It has been successfully run on up to 65536 processors on the IBM
BlueGene/Q machine at IDRIS with good scalability performance. The modular program structure allows
for the application of the code to a wide variety of two-phase flow simulations: free-surface instabilities,
flow of bubbles or drops with coalescence and breakup, thermal and species transport with phase
change, droplet impact or flow around immersed solid objects for microchannel flows. We have thus
been able to simulate cases of the Faraday instability with non-periodic pentagonal motifs for the
interface. The Faraday problem has been extended to the spherical case with radial oscillations. BLUE
has also been used for simulating oscillations in the Kelvin-Helmholtz Instability or a drop undergoing
Leidenfrost levitation, thus meeting various experiments conducted at PMMH. BLUE is also the basis for
collaboration contracts with Air Liquide, including an ANR project jointly proposed also with FAST.
Weakly compressible two-phase flows

56

Previous work on two-phase flows, liquid with weakly compressible gas, was based on the concept of
dual fluid with appropriate Low Mach Number numerical scheme developed by V. Daru (AERO group);
the interface was described with the Front Tracking method, which raised some difficulties with respect
to mass conservation.
Recently, another approach has been tested that now uses a diffuse interface description based on a
compressible two-fluid model, and overcomes those difficulties. In the new approach, both liquid and
gas phases, either fully conservative, are numerically present at each space point and are modelled as
one compressible medium with either stiff or smooth equation of state. A specific numerical scheme has
been used that prevents from excessive numerical dissipation in the Low Mach regime, especially when
the liquid is modelled with a high speed of sound . The two approaches (one dual fluid, or two fluids)
were compared for some 1D, dynamic, and non-isothermal test-cases formerly developed by V. Daru
and M.C. Duluc. As shown by Illustration 1, results are satisfactory. The two-fluid approach, currently
being implemented in the in-house one-fluid compressible parallel platform CHORUS, will thus be
extended in order to include phase change.
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Illustration 1: Test-case of a water plug surrounded by two gas pockets, heated on only one side).
Thermodynamic pressure in each gas pocket (P1 and P2).

Topic 2: Oscillating flows, dynamics and transfers
S. Kouidri, F. Jebali Jerbi, G. Defresne, R. Paridaens.
We investigate the mechanisms generating secondary flows with our experimental thermoacoustic
prime mover (see Illustration 2). In the previous stage, good agreement has been obtained between our
LDV (Laser Doppler Velocimetry) experiments on the resonator and our numerical simulations with
DeltaEC accounting for the changes in the cross sections. The analytical approach developed in the PhD
thesis of R. Paridaens (see LIMSI’s previous reports) is thus validated. Now, we focus our interest on the
annular part of the prime mover (see Illustration 3) and on the effect of the jetpump. The first results of
the LDV measurements done in 2014 have shown that the amplitude of the streaming velocity is twice
smaller than in the resonator. Further theoretical investigation of the jetpump effect on the secondary
flow in the annulus will be developed in the one-year LaSIPS project ENERMODEON.
Besides, the study of the thermal non-uniformity in the transverse direction is also an important issue
for a better insight on the onset in thermoacoustic prime movers. Transverse temperature gradients
occur in resonators, in stacks and in heat exchangers, but are ignored by the standard linear theory. In
order to quantify their effects, we developed an asymptotic model generalizing the standard linear
theory. Our approach does not add any assumption compared to the usual models, so that the analytical
derivations introduce two generalized form functions, the viscous one f0 and the thermal one g1, that
describe the effects of either type of diffusion. The amplitude and phase of those form functions are
plotted vs the penetration depth δν in Illustration 4 for three values of the transverse temperature
gradient. Showing that viscous diffusion tends to change the directions of the particle velocity and of the
acoustic temperature related to f0 and g1.
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Illustration 2: Thermoacoustic prime mover
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Illustration 3: Streaming velocity profiles in the
annulus for resp. 165, 190 and 210W with a mean
pressure of 10 bars.

Illustration 4: Viscous and thermal form functions,
resp. f 0 and g 1

Besides, the analysis of our experimental data about hot wire anemometry in oscillating flows concluded
that the dynamics of heat transfer must be taken into account in order to correctly interpret the
experimental signal, especially the phase difference between wire temperature and fluid velocity.
Topic 3: Heat transfer in solid/superfluid and in micro-nano junctions
J. Amrit, A. Ramière, L. Yu
Our research activities focus on micro/nanoscale thermal transfer and transport at interfaces and in
MEMS structures at temperatures below 2K.
Interface between Silicon and solid 4He
The analysis of our measurements of the thermal boundary (Kapitza) resistance between a silicon crystal
and pressurized superfluid Helium revealed that thermal transfer at the interface is dominated by
resonant scattering of phonons. This mechanism results when the phonon thermal wavelengths (2-10
nm) match surface roughnesses of the same order of magnitude. This investigation was extended above
the solidification pressure of He and a preliminary measurement of the Kapitza resistance was
conducted at the minimum point of the melting curve of He (0.778K and ~25 bars). The results display a
sharp drop in the Kapitza resistance. This first order transition is due to a change in the He density (order
parameter), which in the solid phase has phonons of transverse polarizations, thereby facilitating
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coupling between transverse modes across both media. Our analysis shows that in order to fully explain
the results based on the acoustic mismatch model, the extent of the critical cone within which phonons
are transmitted across the interface must be spread out.
Thermal transport in Silicene: role of flexural modes
We extended our numerical studies using Monte Carlo method, of thermal transport in ribbons
(Ramière et al., Nanoenergy Ltrs, 2013) to investigate phonon transport in junctions formed between
suspended Silicene membranes, a structural configuration often met in thermoelectricity and
applications involving graphene or silicene. Silicene is a novel 2D material (discovered in 2010)
composed of Si atoms. In addition to longitudinal and in-plane transverse polarizations of phonons, the
ability of Silicene to be deformed mechanically induces an out-of-plane flexural mode polarization (ZA)
of phonons. Our measurements at 1K demonstrate the role of the ZA polarization. In addition, existence
of a constriction thermal resistance is evidenced, with a dependence in (d/D) 1/2 where d is the junction
width and D the membrane length (Ramière et al., accepted J. Phys.: Conf. Series, probably 2015). The
influence of surface roughness is also taken into account. The average and frequency dependent
transmission coefficients also are determined as a function of (d/D).
Thermal transport across 3D constrictions in Silicon
After Silicon ribbons, we will investigate thermal transport across 3D micro/nano-constrictions (master’s
and doctoral research of L. Yu).
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Illustration 5: Junction of width d between two suspended Silicene membranes of sides D (left), Transmission of L modes
for different widths (center), Transition in the Kapitza resistance at Si crystal/4He upon solidification (right).
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Illustration 6: Temperature evolution in the left membrane as a function of time. The temperature field depends on the
magnitude of phonon scattering at the boundary and on the presence of the junction on the right side.

Topic 4: Applied convective transfers
M. Pons, V. Bourdin, M.-C. Duluc, M. Jarrahi, G. Defresne, M. Firdaouss, E. Tapachès, M. Pavlov,
S. Wullens.
Unsteady laminar free convection around a modulated line heat source
60

We herein study the unsteady laminar free convective flow created by a linear heat source dissipating a
′(t ) q0′ [1 + a sin(2π ft ) ] . An experimental set-up has been constructed: a thin
sinusoidal heat flux q=
platinum wire, 100 µm in diameter, is immersed in a large pool of water. Once the laminar flow around
the wire heated with a constant flux
q0′ is established, an additional
sinusoidal heating perturbation is
supplied to the wire: q0′ a sin(2π ft ) .
The wire temperature is measured
over a wide frequency spectrum,
showing that the thermal behavior of
the solid-fluid system is that of a lowpass-filter (Illustration 7). A simplified
theoretical approximation has been
derived yielding trends which are
roughly
consistent
with
the
experimental data (see Illustration 7).
Although inaccurate, this analytical
prediction qualitatively explains why
the temperature amplitude vanishes
Illustration 7:
for
high
frequency
heating
Maximum
of
the
wire
temperature
(dimensionless quantity) vs frequency
perturbations.
Moreover, 2D cartesian numerical simulations have been performed with the in-house CFD code
Sunfluidh (Y. Fraigneau, CIGITA). A good match with the experimental results is obtained (Illustration 7).
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Such simulations give more insight, for instance on the penetration depth of perturbations, the
amplitude of which decreases when the distance from the wire increases. Quantitative laws for
correlating these three parameters are currently under identification.
In the next future, we will consider more complex configurations, such as two wires close to each other
and submitted to independent heating conditions. We expect the possibility to enhance the heat flux
around one wire (at least) thanks to a correctly designed heating function inside the second wire.
Mixing improvement by vortex manipulation
M. Jarrahi’s former laboratory (LTN-UMR 6607, Nantes) studies multifunctional heat exchangers, mixers,
or reactors in order to suggest new solutions that would increase their efficiency and reduce their size.
He temporarily continued some of his previous studies on chaotic advection and on flow separation and
recombination. This also led him to initiate a new collaboration with LIED (UMR 8236, Paris Diderot) on
the flow characteristics and mixing quality when the fluid contains autonomously moving particles, e.g.
micro-swimmers. Experimental investigation of this emerging issue should develop in the next years.

Photovoltaic (PV) panels enhanced by fixed planar reflectors - Experiments, simulations and analysis.
Increasing the solar flux received by solar absorbers or PV cells with the help of fixed mirrors is not a
new idea 1. In close collaboration with GeePs (ex-LGEP, Orsay), LMD and SIRTA (Palaiseau), we test and
simulate such arrangements; this is the ALEPh project. GeePs is expert in PV semiconductor physics and
PV cells characterisation; LMD and SIRTA
are experts in theory and measurements
of meteorological data, and in solar
resource forecasting. This work combines
experiments on the SIRTA’s outdoor
platform recording performance of soenhanced PV panels, and two models
developed by M. Pavlov for his PhD thesis.
Our experiments demonstrate that daily
electricity production can be enhanced by
a factor ranging from 5 to 32%, see
Illustration 8. In the models, the optical
issues are solved either with the Infinite
Row Model (IRM), based on Cartesian
optics and analytical solutions, or with the
Ray Tracing Model (RTM), developed
Illustration 8 : PV power (crosses) and temperature (circles)
under the EDStar 2 environment. In
of amorphous silicon PV panels with (red) and without
addition, the most important physical
(black) reflector on a clear spring day (May 17-2014). Simple
phenomena, namely electrical and thermal
mirrors increase the daily production by 20%. PV power
calculated with the IRM model (lines) hardly deviates from
factors, are non-linear and coupled. The
the experimental data (+).
aim of the ALEPh project is to build a
1

Tabor H. Stationary mirror systems for solar collectors, Solar Energy 2, 27-33 (1958)

2

RAPSODEE-ENSTIMAC http://www.starwest.ups-tlse.fr/edstar/edstar.html
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global model that would optimize geometry and materials for producing electricity in a given location
and climate. Beyond reflection, absorption and transmission of visible and near-infrared radiations,
calculation of the irradiation, and temperature dependence of cell efficiency, we pay special attention
on insolation heterogeneities and on photocurrent mismatches that have not been studied yet.
We presently study 1) the spectral composition of solar and diffuse irradiations, and 2) the spectral and
angular distributions of the optical properties of reflectors and of panels (strongly dependent on
cleanliness) and their influence on the electric producible energy. Besides, the dependence of panel
temperature on radiative and convective transfers has recently been addressed (D. Chigara).
Calculations based on radiative calculations and phenomenological correlations for convection compare
well with temperature measurements done on the back-side of the panels, even under high solar flux.
All those results open the way toward simulation of panel temperature in outdoor environment.
Dynamic simulation of linear Fresnel solar receptors.
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Like other solar technologies, Fresnel receptors for concentrated solar power are mainly tested in
deserts. However, a significant part of mankind lives in tropical climates, where cloud coverage is
frequent and chaotic, like in La Réunion island. Models based on pseudo-stationary states, which are
almost the only ones reported in the literature, are no longer valid. This is why our approach, developed
in close collaboration with PIMENT (St-Pierre-de-la-Réunion) in the co-supervised PhD thesis of
E. Tapachés, integrates the dynamic behavior of the linear receptor. In addition, our model accounts for
various non-linear effects, such as temperature-dependent thermophysical properties and heattransfer-coefficient. As a consequence, oppositely to pseudo-stationary models, our model can simulate
the behavior of the Fresnel receptor during and after cloudy events. Indeed, for the sake of material
protection special procedures are required in order to maintain the fluid film-temperature under its
safety maximum, even in severe situations. We have tested strategies based on feedback control with
forward extrapolation and moderated by a time constant related to the current fluid velocity. Although
they surely can be improved, some results are yet satisfactory, see Illustration 9. We can thus evaluate
the efficiency losses due to control procedures when clouds occur and vanish. As the numerical
procedure is efficient enough, operation over two years can be simulated within some hours only. As a
result, such solar technology can indeed be of economic interest in isolated places like La Réunion.
Beside the PhD manuscript, some articles are in progress. Lastly, an ANR pre-project was submitted by
PIMENT, LIMSI, plus RAPSODEE-ENSTIMAC, PROMES and LSS.
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Illustration 9
Example of film temperature in the linear
Fresnel receptor exactly limited to its
maximal value thanks to the relevant
control procedure.

Illustration 10
Effects of slurry type on the temperature
level and total electricity consumption of
the cooling unit with secondary
refrigerant

Use of hydrate slurries with CO2 in secondary refrigeration loops.
This new theme is developing. In order to reduce emissions of refrigerant gases, the global warming
potential of which is high, more and more secondary refrigeration loops (filled with a fluid neutral with
respect to the environment) replace large scale direct-cooling units e.g. in supermarkets or in hospitals
(the smaller the cooling unit itself, the less it leaks). Ice slurries have been used for long a secondary
refrigerant in industrial environment because they offer the advantage of large fusion enthalpy over
reduced temperature glide. Currently, new types of slurries are under study, clathrate-hydrates, which
are ice-like crystalline compounds, mainly made of water molecules that form cages around host
molecule(s) thanks to their hydrogen-bonds. Fusion temperature of hydrate slurries lies over zero
Celsius (e.g. 7 or 10°C); in addition it can be adjusted to the designed application. In 2013, LIMSI and
IRSTEA obtained the PEPS project Formhydable from CNRS-INSIS-Energie. We thus constructed together
a first-generation model of a very simple loop, inserted between the evaporator of the cooling unit and
just one heat-exchanger where cold is finally used. Our model basically represents all the energy
transport and conversion processes from the final use (in the present case, air conditioning) up the heat
release to the atmosphere, i.e. including the cooling unit and its consumption of electrical power. This
approach is original in the literature. Flow constraints are taken into account in order to avoid both
crystal deposition (if the flow is laminar) and too high pressure drops in the loop. As a result, the loop
design is adapted to the considered slurry, thus making each simulation self-consistent. Illustration 10
shows comparison of performance of various slurries ranging from glycol-water mixture to clathratehydrate of CO2+TBPB; it evidences the energetic advantage of hydrate slurries. In the next future (ANR
project Crysalhyd, 42 months, IRSTEA, ENSTA, LIMSI, and two industrial companies), the model will be
extended to more realistic configurations, with dynamic behavior and with storage.

Highlights
•
•
•

AERO

Pioneer measurement of the Kapitza resistance between Silicon and solid 4He (below 0.7 K).
Pioneer dynamic simulation of linear Fresnel solar receptors, and effect of control strategies.
Parallel computing of two-phase flows on more than 65000 threads and invited talk at
International Conference on Numerical Methods in Multiphase Flows, Darmstadt.
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Staff
Permanent staff
Last name
Amrit
Bourdin

First name
Jay
Vincent

Defresne

Gérard

Duluc
Firdaouss
Grenier
Jarrahi
Jebali Jerbi
Juric
Kouidri
Pons

Marie-Christine
Mouaouia
Nicolas
Mojtaba
Fathi
Damir
Smaïne
Michel

Position
MC
IR2
Pr.
Agrégé
MCHC
MCHC
MC
MC
MC
CR1
Pr1
DR2

Employer
Université Paris-Sud
CNRS
Université Paris-Sud

HDR
HDR

CNAM
UPMC
Université Paris-Sud
Université Paris-Sud
UPMC
CNRS
UPMC
CNRS

HDR
HDR

Arrived

Left

01/09/2013

HDR
HDR
HDR

PhD Students
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Thesis
defense

Last name

First name

Arrived

Ebo Adou
Paridaens
Pavlov

Ali-Higo
Richard
Marko

Prigent
Ramière
Tapachès
Wullens
Xu
Ebo Adou
Paridaens

Guillaume
Aymeric
Emeric
Sébastien
Bingrui
Ali-Higo
Richard

01/10/2012
15/09/2009
01/10/2013
01/10/2009
01/10/2011
18/06/2012
01/09/2010
01/10/2012
01/10/2012
15/09/2009

29/05/2013
24/01/2013
26/11/2014

29/05/2013

École Doctorale

School / University

SMAER
SMAER
MIPEGE
Physique Macros
MIPEGE
La Réunion
SISEO
MIPEGE
SMAER
SMAER

UPMC
UPMC
Université Paris-Sud
Université Paris-Sud
Université Paris-Sud
Université de la Réunion
Université Chambéry
Université Paris-Sud
UPMC
UPMC

Non permanent staff
Last name
Bencheikh
Seghiri

First name
Kamel
Abdelhak

Position
Bourse Pays d'origine
Bourse

Employer
Université d'Alger
Gouvernement Algérien

Arrived
13/01/2014
21/01/2013

Left
13/02/2014
21/07/2013

Internships
Last name
Bernard
Du Pont de Romemont
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Camille
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29/04/2013
03/06/2013

ILES

TLP

Left
05/07/2013
19/07/2013
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DUT
Ingénieur
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CPU

School / University
IUT Ville d'Avray
Mines ParisTech
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Ndiaye
Truche
Yu
Bernard

Moustapha
Sylvain
Lantao
Théo

06/01/2014
24/02/2014
01/04/2014
29/04/2013

07/02/2014
27/06/2014
30/06/2014
05/07/2013

L3
Ingénieur
M2
DUT

Université Paris-Sud
ParisTech
Université Paris-Sud
IUT Ville d'Avray

Indicators of scientific notoriety
Prizes and awards
Invited lectures, talks or seminars
•
•
•
•
•
•
•

J. Amrit: The 16th International conference on RF Superconductivity SRF 2013, 22-27
September 2013, Paris
J. Amrit: The 6th International workshop on Thin Films and New Ideas for Superconductivity, 68 October 2014, Padova, Italy
J. Amrit: Seminar “Kapitza resistance at Niobium/superfluid He interfaces”, Legnaro National
Laboratories (LNL-National Institute of Nuclear Physics, Legnaro, Padova, Italy, 5-8 October 2014
S. Kouidri: Energetic Efficiency of Energy Conversion Machines, Départamento de Engenharia
Mecanica, Université de Brasília, 19 août 2013, Brasilia, Brésil.
S. Kouidri: Etude des phénomènes non linéaires dans les machines à conversion d'énergie de
type thermoacoustique, 8èmes Journées Tunisiennes sur les Ecoulements et les Transferts,
29 nov-1 déc, 2013, Sousse, Tunisie.
D. Juric, J. Chergui and S. Shin, BLUE: A Solver for Massively Parallel Direct Simulation of 3D
Two-Phase Flows, International Conference on Numerical Methods in Multiphase Flows,
ICNMMF-II, Darmstadt, Germany, June 30 – July 2, 2014.
M. Pons, Second law analysis of adsorption cycles, Invited Seminar-Lecture at Kyushu
University (Fukuoka, Japon), Dept Mechanics Energetics (January 22-24, 2013).

Participation in expertise and administration of research
•
•
•
•
•
•
•

J. Amrit: Research Innovation Project AGIR 2014, Grenoble INP-University J. Fourier,
15th January 2014
S. Kouidri: Scientific evaluation for Ministère de l’Enseignement Supérieur et de la Recherche,
Crédit Impôt Recherche
S. Kouidri: Scientific Committee of Laboratoire National de Métrologie et d’Essais
M.-C. Duluc: Scientific expertise for Ministère de l’Enseignement Supérieur et de la Recherche,
and for Agence Nationale de la Recherche, 2014.
V. Bourdin: Scientific expertise for Agence Nationale de la Recherche, 2014.
M. Pons: Scientific evaluation for ANRT (2013) and for Agence Nationale de la Recherche (2014)
J. Amrit and M. Pons, members of CCSU 60-61-62 of Univ. Paris-Sud.

Ph.D and Habilitation committees
•
•
•

AERO

J. Amrit: 1 as examinator (24/05/2013), 2 as committee member (12/12/2013, 22/09/2014), 1
as supervisor (26/11/2014)
M.-C. Duluc: 1 as committee member (19/12/2014)
M. Jarrahi: 1 as committee member (14/04/2014)
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•
•

S. Kouidri: 3 as examinator (9/4/2013, 5/7/2013, 1/12/2014), 2 as president (4/6/2014,
4/7/2014), 1 as supervisor (29/5/2013)
M. Pons: 1 as committee member (11/01/2013), 1 as examinator (12/04/2013), and 1 HDR as
examinator (10/06/2013).

Position in Scientific Councils or Associations or Networks
•

M. Pons: Member of the Scientific Council of Société Française de Thermique.

Dissemination and scientific outreach
•
•
•

M. Pons: Faut-il adopter la notion d’exergie ?, Broadcast Science Publique by Michel
Alberganti, France Culture, 05/07/2013, with D. Favrat (EPFL), D. Queiros-Condé (Univ. ParisOuest La Défense), et V. Merigat (Science et Vie).
M. Pons: Interview cited in L’«effet Dumas», l’énergie miracle qui ne marche que sur
Facebook, by T. Schepman, Rue89 (http://rue89.nouvelobs.com/2014/12/05/l-effet-dumaslenergie-miracle-marche-facebook-256395)
N. Grenier organized the contribution of the ME Dept to the Fête de la Science 2014 at Univ.
Paris-Sud. Several members of the group were present on the LIMSI’s stand, in 2013 and 2014
as well.

Research conventions and contracts
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Funding
agency/
Partner

General
coordinator
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for LIMSI

Nature

LIMSI share
€
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ANR

Fournaison
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Pons Michel

National
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Energie
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Amrit Jairaj

National
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de recherche
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Smaïne Kouidri
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National
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Aleph
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de recherche
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Vincent
Bourdin

National
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BLUE
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Liquide

Juric Damir

Juric Damir

Industriel
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de recherche

CNRS

Pons Michel

Pons Michel

National

7 500

PEPS
Energie

01/01/2014

31/12/2014

Ecoulement des
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dynamique multiéchelles

Collaboration
de recherche

CNRS

Stéphanie PitreChampagnat

Duluc MarieChristine

National

2 600

PEPS
Energie

01/03/3013

28/02/2014
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secret
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Pons Michel
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Emergence

Valorisation
Patents, software, licence agreements…
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