Solid-Fluid Transfer (TSF)
MICHEL PONS
Introduction
The specificity of the Solid-Fluid Transfer group doubtlessly lies in Heat transfer and Energetics. Another
characteristic is that practically all of its members are or were experimentalists; if not, they closely work (or
worked) with experimentalists. We are not specialists in numerical techniques; we are rather users of
numerical codes. We use, sometimes we develop, numerical codes with the intention of correctly simulating
and finely understanding the basic phenomena involved in complex or innovative transfer problems. Beyond
that, we often have in mind the purpose of improving the efficiency of a transfer process, e.g. intensification
of heat-transfer, separation, or energetic efficiency.
Heat transfer and Energetics are constantly revisited by new experimental techniques, such as optical
velocimetry, new materials, or new challenges (micro- and nano-scales). The field is broad, and the SolidFluid Transfer group explores four domains: (i) two-phase flows, (ii) oscillating flows, (iii) heat transfer from
solid to superfluid helium, and (iv) applications of convective transfers. Scientific results obtained in each
theme are described further on; they also correspond to specific skills that we have developed. Globally
speaking, these skills are, first, experimental, second, numerical:
• Particle Image Velocimetry, Laser Doppler Velocimetry, Piezoelectric pressure sensors, for studying
acoustic streaming of various intensity in thermoacoustic / acoustic resonators;
• Hot wires in an oscillating fluid, for cases where optical velocimetry techniques cannot be used;
• Thermal probes (temperature, fluxes) in cryogenics conditions, for studying the Kapitza resistance at
cryogenic temperatures;
• Parallel computing of divergence-free two-phase flows with front-tracking, for studying Faraday waves
and their extensions;
• Computing of flows at Low-Mach-number with front-tracking, for two-phase flows at the microscale;
• Asymptotic expansions, perturbation methods, for microfluidic suspensions;
• Computing of divergence-free flows in open domains, for natural convection in buildings;
• Second law analyses, especially of solar-powered processes, for Solar Refrigeration and more.
Because they are related to thermal- or energy-engineering, the issues addressed in the Solid-Fluid
Transfer group often build bridges between theoretical investigations and applications. These applications
range from nano-science and micro-fluidics to solar air-conditioning, superconducting cavities of particle
accelerators, and emergency-cooling of nuclear reactors.
The SFT group is specific but not isolated. The skills listed above are often developed with 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 (AERO group) for numerical simulation of two-phase flows and for acoustic
streaming in a resonator, Y. Fraigneau (CIGITA) for implementing pressure-driven boundary conditions on
open domains, C. Weisman (CORO group) for numerical simulations where a thermoacoustic cell is coupled
to a resonator.
We collaborate with various French laboratories or institutions (IPNO, PMMH, CEA/IRFU, CEA/LITEN,
Pprime, EM2C, LAUM, PIMENT, IEF, LGEP, LadHyX...) and we participate in some research networks: GdR
Thermoacoustique, GdRe Thermal Nanosciences and Nanoengineering, and the Research Federation TM&C
(Heat and Mass Transfer in the Ile-de-France region). Our international collaborators are Hongik Univ. (South
Korea), ETH (Zürich, Switzerland), Univ. Calgary (Canada), Univ. Oran (Algeria), Univ. Marrakech (Morocco),
École Polytechnique Tunisie, IPPT in Acad. Sci. and Univ. Warsaw (Warsaw, Poland), Zhukovsky Inst. and
Inst. Phys. Chem. and Electrochem. Russian Acad. Sci. (Moscow, Russia), Tech. Inst. Phys. Chem. Beijing,
Inst. Refrig. and Cryog. Zhejiang Univ., Hangzhou (China), and MIT (USA).
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Research presentation
Topic 1: Two-phase flows: dynamics and transfers
M.-C. Duluc, D. Juric, F. Feuillebois, N. Périnet, G. Prigent, L. Kahouadji with contributions of V. Daru
(AERO), J. Chergui (CIGITA), P. Le Quéré (CORO)
In the broad field of two-phase flows, LIMSI is distinct in its experience in numerical techniques for
simulating the dynamics of interfaces. The techniques used depend on the case under consideration. For
suspensions of particles, droplets or bubbles, the characteristic length of the interface is much smaller than
that of the fluid flow. In such conditions, the shape of the interface hardly changes, and drops or
incompressible bubbles can be treated like particles. In addition, microscale situations make inertial effects
much less preeminent. For this first set of phenomena, analytical or asymptotic methods can be used. At
usual scales, the fluid and the interface have similar sizes, and the interface can take special shapes, for
instance in Faraday waves. This phenomenon is very interesting theoretically while being useful for checking
the validity of our numerical schemes by comparing our results to experimental data. For this problem, as
well as the following, we follow the evolution of the interface shape with the Front-tracking technique,
preferred to other ones (VOF, level set) for the sake of accuracy. In the latter case, the gas phase density is
constant and uniform. A significant effort was made in these last years in parallelizing the numerical code, a
task achieved with the significant contribution of J. Chergui (CIGITA). Further on, LIMSI’s long term goal is
still to accurately simulate liquid-vapor flows involving phase change, heat transfer and convection. Bubble
growth by evaporation, detachment, and possible shrinkage is a typical example. Dynamics of vapor bubbles
in microscale geometries with the possibility of evaporation or condensation are other examples. In such
cases, the effects of gas-phase compressibility must be taken into account. Using the Low Mach number
approach, compressibility effects were included in our numerical codes while still ensuring mass
conservation. There is still much to do, for instance describing the dynamics of the contact line with solid
surfaces when relevant, or heat & mass transfer in the presence of phase change.
Suspensions and droplets
Solid suspensions in micro-scale flows are studied in collaboration with PMMH, LadHyX, École
Polytechnique de Tunisie, IPPT at the Polish Academy of Science (Warsaw, Poland), Univ. Warsaw (Poland),
Zhukovsky Inst. (Moscow region, Russia), Inst. Physical Chemistry and Electrochemistry at the Russian
Academy of Science (Moscow), and MIT (USA). At micro-scales, the Reynolds number Re is low compared to
one and hydrodynamic interactions with walls play a prominent role in the dynamics of solid suspensions.
Small fluid inertial effects (of the order of Re2) produce differential lift forces on particles, thus inducing
particle separation. Those forces can be derived by a perturbation method. For a particle in a shear flow
close to a wall, the perturbation problem is regular; the lift force on a spherical particle contains various
coupling terms which are used for modeling separation processes (Yahiaoui and Feuillebois, 2010). For two
particles in an unbounded shear flow, the singular perturbation problem is solved by matching asymptotic
expansions. The flow fields, and the resulting particle velocities, depend on the relative positions of the two
wakes (Asmolov and Feuillebois, 2010). Solutions in creeping flow (of the order of Re) have been found for
various combinations of walls and particles. The case of spherical particles in Poiseuille flow along solid plane
walls was solved with an analytical method, see Fig. 1, and results were exploited for optimizing separation
techniques in analytical chemistry (Pasol et al., 2011).
Figure 1: Velocity of a freely moving sphere
entrained in a Poiseuille flow, normalized by the
maximum Poiseuille flow velocity, versus the
dimensionless sphere radius α and the
dimensionless sphere center position s. The
creeping flow (Stokes) equations were solved by
the accurate multipole method (Pasol et al., 2011).

From that case on, particle and walls shapes were made more and more complex, from ellipsoids
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settling in a cubic container -solved by the boundary integral method (Hedhili et al. CMES, 2011)- up to
spherocylinders (trunk of a cylinder and two hemispherical caps) as used in biological applications. By
modeling the spherocylinder as an assembly of interpenetrating spheres and using the multipole method, an
excellent agreement with experiments could be obtained (Mongruel et al., 2011). When the walls are porous
(with pores much smaller than the particles), the difficulty lies in the boundary conditions between the fluid
and the porous wall, where the Stokes and Darcy equations apply respectively. A first approach, based on
singularities in Stokes flow close to a porous membrane, is the method of fundamental solution where
singularities are located outside of the flow field. First, no-slip conditions were assumed along the porous
wall (Debbech et al., 2010). Then, the more elaborate Beavers and Joseph slip-conditions were used in
various other works. The case of particles in a viscous flow near a porous wall was treated, first by a
perturbation method developed at fourth order with respect to the ratio Dpore/Dparticle (Khabthani et al., 2011),
then with a peculiar semi-analytical boundary integral technique adapted to the slip boundary condition on
the porous wall, while the special case of one spherical particle was solved analytically by the method of bispherical coordinates (Feuillebois et al., AIP Proc., 2011). Hydrophobic or super-hydrophobic walls, wellrepresented by slip conditions, can be used for inducing mixing with microscale flows. F. Feuillebois
rigorously proved that the wall textures can be optimized in order to maximize the cross-flow in the
spanwise direction and thus the mixing effect (Feuillebois et al. Phys. Rev. E 2010).
Droplets, their dynamics and thermal effects, are important in nuclear engineering: in the case of a
severe accident, Pressurized Water Reactors are sprayed with water. We studied how the water droplets
coalesce during their fall from the injection nozzles located at the top of the containment vessel. Various
collision regimes of two drops, as measured at IRSN (Saclay), are well correlated with a new "symmetric
Weber number" (Rabe et al 2010). Droplets are also important in aircraft engineering: icing of aircrafts due
to impinging supercooled water drops is likely to cause severe accidents. The freezing of a supercooled drop
in an airflow was calculated with the method of matched asymptotic expansions with respect to the small
Stefan number (Tabakova et al., 2010). When a liquid drop hits a dry solid surface, an axisymmetrical jet is
ejected from the wall. The shape and dynamics of such jets were calculated by solving the unsteady
boundary layer at second order, accounting for the presence of the free surface (Tabakova et al., 2011). The
results agree well with recent experimental observations performed by the same authors, using rapid video
pictures of drops in icing wind tunnels (Mongruel et al., 2011).
Large scale liquid-gas interface with incompressible gas phase
One specificity of LIMSI’s numerical work on two-phase flows is the Front-tracking technique which we
exploit in two types of configuration, distinguished by the compressibility of the gas phase.
When a container containing two immiscible fluids (e.g water and air) is periodically shaken in the vertical
direction, beyond a certain threshold the interface forms many kinds of standing-wave patterns, from
crystalline to much more complex patterns. This phenomenon, discovered by Faraday in 1831, is called
Faraday waves. It is an archetypical phenomenon endowed with a great fundamental interest for
understanding the natural formation of patterns. Due to the nonlinearity of the problem, one needs a
nonlinear hydrodynamic code for answering basic theoretical questions such as the conditions under which
the instability is subcritical or supercritical. Moreover numerical simulation provides detailed information
about the interface position and velocity field. A less widely exploited advantage of numerical simulations is
that they can go beyond experiment: initial conditions can be precisely specified; symmetries such as twodimensionality or hexagons can be imposed, perturbations can be rendered formally infinitesimal, unstable
states can be computed. D. Juric and J. Chergui (CIGITA LIMSI), in collaboration with L. Tuckerman (PMMHESPCI, Paris) and N. Périnet (currently post-doc at UOIT, Canada), achieved three-dimensional numerical
simulations of the full flow field (Périnet et al., JFM, 2009). This work opened a long range study of the
dynamics of free surfaces. Indeed, Faraday wave experiments conducted in the 1990’s produced unexpected
phenomena such as quasi-crystals, superlattices and oscillons. The comprehension of these more exotic
Faraday scenarios requires numerical studies. This is why a new high-performance, parallel computer code is
under development in our group in collaboration with S. Shin (Hongik Univ., South Korea), for the simulation
of two-phase incompressible flows. The code combines our latest algorithms for Lagrangian tracking of
arbitrarily deformable phase interfaces including breakup and coalescence and an improved treatment of
surface tension forces, interface advection and mass conservation. This first implementation (to our
knowledge) of front-tracking on large-scale parallel architectures has been successfully run on up to 8192
processors on the IBM BlueGene machine at IDRIS with excellent scalability performance as shown in Figure
2. A wide variety of incompressible two-phase phenomena (instabilities, coalescence and breakup, impacts,
etc.) can now be simulated on large or complex spatial domains. For instance, recent experiments by
J. Rajchenbach (Univ. Nice) of highly dynamic Faraday waves show five-petaled localized patterns which
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have never been observed previously. Our new code has been able to simulate these highly nonlinear
regimes and reproduce the experimental pentagonal pattern, see Figure 3. Another set of Faraday
experiments, conducted by Y. Couder’s group (Univ. Paris-Diderot), demonstrates exotic petal like patterns
on the surface of a rotating vibrated liquid surface. Work with L. Kahouadji (LIMSI) and L. Tuckerman is
aimed at characterizing the instability threshold of this rotating Faraday experiment.

Figure 2 - Performance increase with number of
cores

Figure 3 - Calculated five-fold pattern

Our program on the study of the dynamics of free surfaces, films and general fluid-fluid interfaces can
find applications in domains ranging from micro-fluidics for biochips (micro-encapsulation) to marine
engineering (hull drag reduction by bubble injection).
Microfluidics with a compressible gas phase
Two-phase flows involving phase change cannot be completely simulated without accounting for the
compressible nature and the equation of state of the gas phase. Strictly speaking, the time-step for
simulating compressible flows should be short enough for representing acoustic waves. However, a wide
range of two-phase flows are controlled by heat transfer rather than by pressure waves; fluid velocity is then
much smaller than sound velocity, a feature that allows the use of the Low Mach number approximation and
thus to significantly accelerate numerical simulations. A significant effort was made in these last years for
developing numerical schemes adapted to two-phase flows where the gas phase is characterized by a low
Mach number. The liquid phase is treated as incompressible, i.e. with a divergence-free flow. The concept is
valid, as demonstrated by 1D test-cases involving liquid-vapor phase change and fast interface dynamics 9.
However, when simulating 2D or 3D configurations two bottlenecks arise. First, one has to correlate the
pressure field in the liquid phase, which is defined up to an additive constant, to the thermodynamic
pressure in the gas phase. Second, mass is not exactly preserved by the front-tracking algorithm when the
flow is divergence-free on one side only of the interface. We are currently developing algorithms, hopefully
robust and rapid, for solving those two problems. The first one is studied by considering several gas bubbles,
with different values of gas pressure, embedded in a liquid not submitted to gravity. As the gas pressure
takes different values from one bubble to the next, the forces exerted by the bubbles on the liquid phase
generate motion, and the fluid inertia induces alternate expansions and contractions of the bubbles. V. Daru
(AERO group) solved the problem by introducing a third pressure field in the algorithm, called the extended
field, that insures continuity of the total pressure field (Fig. 4). The three pressure fields have comparable
orders of magnitude. Validation shows that this method is much more efficient than those based on a single
pressure field (Daru et al., JCP, 2010).
For the second problem (mass conservation in the vicinity of the interface, a crucial point), recent
progress has been made by G. Prigent, PhD student. After rigorous verification of each step of the numerical
scheme, we decided to combine the front-tracking technique with a sharp stepwise Heaviside function;
discrepancies in the mass and energy balances were reduced down to acceptable values. A new test-case at
low velocity has been elaborated for that delicate issue, where a gaseous bubble is transported by liquid
across a non-isothermal micro-channel, see Fig. 5. The first results are encouraging (Prigent et al., 2012).
Configurations with higher velocities are being currently tested.
9
V. Daru, M.-C. Duluc, O. Le Maître, D. Juric and P. Le Quéré, Modélisation et simulation numérique du changement de phase
liquide-vapeur en cavité, Comptes Rendus de Mécanique, 334 (2006), pp. 25-33.
M.-C. Duluc, O. Le Maître, V. Daru and P. Le Quéré, Oscillations of a liquid inclusion inside a closed cavity filled up with gas and
externally heated, Microfluidics and Nanofluidics, 6 (2009), pp. 163-177.
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It can be seen that any new version of our numerical codes is validated by comparison with either (i)
analytical solutions, (ii) numerical solutions given by other physically relevant models, (iii) data derived from
linear stability analyses, or (iv) experimental data when possible. This rigorous approach requires significant
effort, but we meanwhile elaborate original test-cases that can be helpful as benchmarks proposed to the
two-phase flow community.
Figure 4 - Velocity and hydrodynamic pressure fields for six air bubbles immersed in
liquid water inside a closed cavity: as different thermodynamic pressures are set for
the bubbles, oscillations are observed.

Figure 5 - Alteration of the temperature field occurring
when an air bubble is transported by water through a
micro-channel partially adiabatic (left side) and partially
heated (right side). Thermal diffusivity is larger in air than
in water.

Topic 2: Oscillating flows: dynamics and transfers
D. Băltean-Carlès, S. Kouidri, G. Defresne, F. Jebali, R. Paridaens, Ph. Debesse, with contributions
of V. Daru (AERO), F. Lusseyran (AERO) and C. Weisman (CORO)
This theme is closely related to that of the Transverse Action Thermoacoustics-Cryogenics, with the
following difference however. In LIMSI, a transverse research activity involves people of different groups.
Two numerical programs related to thermoacoustics fulfill this condition; both involve the Solid-Fluid Transfer
group (D. Baltean-Carlès, and recently M. Pons), one with V. Daru (AERO group), and the other one with
C. Weisman (CORO group). Although these programs are presented in two groups (the former here-under,
the latter in the CORO group) collaboration is active, as shown by the articles jointly published.
Like many other laboratories involved in thermoacoustics, LIMSI focuses on experimental investigation of
acoustic streaming. Acoustic streaming is the generic name of flows at low velocity (one order of magnitude
less than the acoustic velocity, therefore also called secondary flows) generated within acoustic waves
developed in configurations such as thermoacoustic stacks, acoustic loops of Stirling-type thermoacoustic
machines, or simple resonator tubes (3D geometry with no-slip conditions at the wall). Those secondary
flows do not need to consume much acoustic energy, but they induce transport of enthalpy which are very
detrimental to thermoacoustic conversion of energy, and thus justify serious study.
With the precious help of F. Lusseyran (AERO group), several experimental techniques have been
developed in the Solid-Fluid Transfer group: (i) characterization of the pressure field related to the secondary
flow; (ii) characterization of the velocity field by Particle Image Velocimetry (PIV) or (iii) by Laser Doppler
Velocimetry (LDV).
The pressure profile generated in our thermoacoustic prime mover of the Stirling type (progressive
wave), cf. Fig. 6, is measured with piezoelectric sensors. Interpretation of experimental data requires the
acoustic field to be known. We model it with a linear model, and obtain differences with the experimental
data lower than 10%, see Fig. 7 (Kouidri et al., CFA 2010, ASME-ATI-UIT 2010 ; Paridaens et al. CFM 2011,
ASME 2011). The so-characterized secondary pressure field shows that the acoustic streaming of that engine
is of the slow-type (linear regime). Moreover, we derived deviations from the linear acoustic model, showing
that acoustic streaming is generated by interactions between (i) the axial acoustic velocity and (ii) the
acoustic parts of density, radial velocity, and temperature respectively.
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Figure 6 - Thermoacoustic prime mover of the
Stirling type: 4.25 m long, working frequency of
22Hz, operated with nitrogen up to 25 bars.

Figure 7 - Experimental and numerical values of the
acoustic part of the pressure field along the resonator
and loop for various mean pressures.

However, velocity measurements are crucial for characterizing those secondary flows. The first technique
developed in the Solid-Fluid Transfer group has been PIV. The PIV cell is implemented on a standing wave
resonator, where the wave is generated by a thermoacoustic engine (a stack plus two heat exchangers)
operated like a real machine (mean pressure above 7 bars and large wave amplitude). The PIV cell occupies
only a small volume of the resonator. Here again, capturing the second order velocity field corresponding to
the streaming flow (~1 cm.s-1) requires a very accurate evaluation of the first order acoustic velocity field
(~1 m.s-1). A general post-processing method has thus been developed for handling under-resolved
sampling recorded on long time scales 10. The theory of linear acoustics can be applied when both drive-ratio
and rate of harmonics in the PIV cell are small. However, for higher drive-ratios, the rate of harmonics
becomes significant and creates strong dissymmetry between velocity extrema, meaning that the harmonics
are not in-phase with the fundamental wave. We observe such dissymmetry (see Fig 8). The secondary flow
we visualize is unsteady, with more streaming cells than in the usual Rayleigh streaming (see Fig. 9).
Nonlinear effects related to inertia are probably responsible for that behavior, an assumption that could be
validated later on by changing the position of the PIV cell along the resonator.

Figure 8 - axial velocity (in blue dots) and acoustic
pressure (in green circles) over one acoustic period.

Figure 9 - Average secondary velocity field in the
symmetry plane of the PIV cell.

The Solid-Fluid Transfer group also develops the LDV technique, again for measuring the acoustic
streaming in resonators. For this purpose, the LDV technique seems to be more reliable than the previously
developed hot-wire technique. Our experimental frequency spectra display rich harmonic cascades (see
Fig. 10) a signature of highly nonlinear waves (as expected when generated by an acoustic source operated
at 160dB). Secondary velocity is obtained after refined data interpretation, see Fig. 11. For that study we
10

P. Debesse, Vers une mesure du vent thermoacoustique, PhD Thesis UPMC/LIMSI, 5 décembre 2008.
P. Debesse, D. Baltean-Carles, F. Lusseyran, Experimental analysis of nonlinear phenomena in a thermoacoustic system, in
Nonlinear Acoustics, Fundamentals and Applications, Proc. 18th ISNA, July 07-10, 2008, Stockholm Sweden, vol. 1022, 355358, 2008.
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collaborate with Pprime (Poitiers) in the framework of the GdR 3058 Thermoacoustique (Task Investigation
of streaming flows by laser metrology), share our skills and compare our results on LDV measurements.

Figure 10 - Experimental set-up for the LDV
measurements (top) and an example of measured
spectra (bottom).

Figure 11 - Experimental values of axial velocity
measured by LDV: secondary velocity of the order of
cm.s-1 (top), acoustic velocity of the order of m.s-1
(bottom).

Our experimental investigations of acoustic streaming explore the nonlinear regime (also called fast
streaming), where inertia of the fluid plays a significant role. The characteristic number is the nonlinear
Reynolds number, ReNL [ ReNL = ( M .R / δ v ) 2 , where M is the Mach number, R the radius of the resonator and δv
the thickness of the viscous boundary layer]. The literature devoted to the nonlinear regime is poor: some
numerical studies report distorted streaming cells and symmetry breaking with apparition of additional
streaming cells. However, the phenomenon itself and transition to the nonlinear regime still need to be
analyzed. Among the advanced numerical methods developed at LIMSI, V. Daru (AERO group) has built a
numerical code that solves the compressible Navier-Stokes equations with an explicit finite-difference
scheme, upwind at the third order in time and space for the convective terms and centered at the second
order for the diffusive terms (Daru et al. CFM 2011). This code is well-adapted for propagation of acoustic
waves in compressible viscous fluids. The simulated resonator is 2D (Cartesian or axisymmetric). A standing
wave is generated by imposing an axial volume force that is a sine function of time with prescribed
frequency. The investigated values of ReNL range from 0.001 to some tens (values as high as 40 were
simulated). Averaging the solution over the fundamental acoustic period yields the streaming flow. When
ReNL increases, shocks are observed; this justifies the use of this high accuracy explicit compressible code.
Meanwhile, the centers of the streaming cells move toward the resonator ends (see Figure 12a). The average
temperature field (Figure 12b) evidences complex coupling between both acoustic and streaming flows, and
heat transfer. The average temperature field, quasi 1D for low values of ReNL, becomes 2D when ReNL
increases, a consequence of balance between conduction and heat advection through the acoustic streaming.
Our results are in good qualitative agreement with several experimental observations, for instance those of
H. Baillet (Pprime, Poitiers). As the experimental ReNL may be as high as 100, comparison with experiments
requires a model that fully accounts for the nonlinearities of the fast streaming flow. This is what our model
does; our first results are thus very promising. The next developments will (i) add other nonlinear effects,
such as temperature dependence of fluid conductivity and viscosity, (ii) explore various gases, e.g. with low
Prandtl number, (iii) insert a stack within the resonator, (iv) extend the code in 3D (after parallelization).
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(b)

(a)
Figure 12 – Calculated acoustic streaming flows in a Cartesian resonator filled with air
at atmospheric pressure (8.825mm long, upper half shown):
(a) streamlines and (b) average temperature field; from top to bottom ReNL: 0.01, 8.25, and 13.26, resp.

A simplified thermoacoustic engine was also analyzed (collab. C. Weisman, D. Baltean-Carlès, P. Le
Quéré and L. Bauwens, University of Calgary), in which the active thermoacoustic cell is placed inside a long
tube filled with the working gas at a given mean pressure, closed at one end and equipped with a load at the
other end. The active cell consists of a stack of parallel conducting plates placed between two heat
exchangers, also made of horizontal plates with a prescribed blockage ratio. The two-dimensional viscous
and heat conducting ﬂow model of the active thermoacoustic cell is properly coupled, through a small Mach
number asymptotic analysis, with linear acoustics in the left and right parts of the tube. The resulting
equations are solved numerically (O. Hireche Algerian Ph.D. thesis) using a 2D, time-dependent finite
volume code, initially developed at LIMSI for non-Boussinesq natural convection flows. When a sufficiently
large temperature difference is imposed between the heat exchangers, initial pressure perturbations are
amplified, the fluid starts oscillating and amplitudes grow, up to the point when the engine reaches a
stationary periodic operation. Transient flow and heat transfer are analyzed (K. Sodjavi’s internship), as well
as periodic operation (the fundamental frequency and the harmonic content is a simulation output). Results
were compared with Rott’s linear theory and with experimental results of existing prototypes. Comparisons
and analyses are being pursued as part of L. Ma’s Ph.D, which started in September 2011.

Amplification and saturation of a wave by thermoacoustic effect: Left: time history of acoustic pressure at
active cell location. Right: detail snapshot: streamlines and temperature (color) between heater and stack

Topic 3: Heat transfer from solid to superfluid Helium
J. Amrit, A. Ramière (PhD), R. Krishnan (Post-Doc)
In the field of heat transfer at cryogenic interfaces, or in micro- / nano-structures, LIMSI addresses three
issues in parallel, namely (i) the thermal Kapitza resistance at the interface between a Silicon crystal and
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superfluid Helium, (ii) the thermo-magnetic stability of superconducting cavities designed for particle
accelerators and (iii) the transport of heat in nanowires and in micro- or nano-junctions. The approach is
mainly experimental, complemented with theoretical and numerical work. The physical underlying
phenomenon is the scattering of phonons (which are the energy carriers) at interfaces and boundaries, and
our purpose is to understand, analyze and predict the so-induced dissipation.
The thermal boundary Kapitza resistance is the phenomenon that produces a finite temperature jump at
a solid-fluid interface at cryogenic temperatures. We succeeded in measuring the thermal boundary Kapitza
resistance between Silicon and superfluid Helium at temperatures as low as 0.4K using a specially designed
experimental cell. This pioneering result 11 was obtained in collaboration with J.-P. Thermeau and F. Chatelet
(Institut de Physique Nucléaire d’Orsay). Also the contributions of ICMO and of LPS, Orsay, were very useful
for characterizing the surface state by atomic force microscopy. Thanks to the highly polished surface of the
single-crystal Silicon (111) the selective nature in heat transmission due to surface roughness at the
nanoscale was substantiated. As a result, we could predict a transition in the transmission. This transition
was observed and interpreted as a change from diffuse scattering to specular scattering when temperature
decreases (Amrit, Phys. Rev., 2010). More recently, we investigated the thermal boundary resistance as a
function of the acoustic impedance (density x speed of sound) of superfluid Helium. Although the
experimental pressure range (from standard vapor pressure –SVP- to 25 bars) corresponds to a change of
80% in the acoustic impedance, measurements show a change of only 7% in the thermal boundary
resistance over the entire pressure range, see Fig. 13 (Ramière et al., 2011, 2012). These results confirm
that tailoring of interface transmission requires control of the interface roughness, Fig. 14-15. Current
experiments explore the transition in the thermal boundary resistance at the Si/He interface upon
solidification of superfluid Helium.
We study the thermal stability of superconducting particle accelerators in collaboration with C.-Z. Antoine
(CEA/IRFU, Saclay). Our recent measurements of the thermal boundary resistance between Niobium single
crystals and superfluid Helium helped designing novel superconducting cavities made of Niobium single
crystals (Amrit and Antoine, 2010). The Niobium samples were supplied by the Fermi National Accelerator
Laboratory, Illinois USA and were characterized (surface state, chemical composition and crystallographic
orientation) at ICMO, Orsay. These results complement previous measurements of the Kapitza resistance
with polycrystalline Niobium, the whole set constituting a benchmark for the conception of superconducting
cavities. Current numerical simulations study how hotspots occur during operation.

Figure 13 - Kapitza resistance at the
interface Si/He as a function of
pressure at two temperatures (0.62
and 0.78K).

Figure 14 - Kapitza resistance at
the interface Si/He under SVP
pressure as a function of
temperature. Experimental cell
also shown in the insert.

Figure 15 - Nanometer scale
surface roughness (squares)
required to interpret data and
roughness-to-wavelength ratio
(diamonds) characterizing the
nature of scattering.

Studies on heat transfer in nanowires and micro- or nano-junctions started four years ago in close
collaboration with S. Volz (EM2C Laboratory, ECP), and also with F. Parrain (IEF, Orsay) and O. Bourgeois
(Institut Louis Néel, Grenoble) for sample preparation and detector manufacturing. The role of the thermal
boundary resistance between a metallic nanowire and its substrates, and its dependence on the nanowire
diameters, were investigated for electronic ballistic heat transport (Venkatesh et al., 2011). Currently, the
11

J. Amrit and J.P. Thermeau, Measurements of the Kapitza resistance between Silicon and Helium from 0.4 K to 2.1 K, Journal
of Physics: Conference Series 150 (2009) 032002 doi: 10.1088/1742-6596/150/032002.
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PhD student A. Ramiere studies thermal transport in micro-junctions in the ballistic regime. The purpose is to
establish new physical laws from which one could evaluate energy dissipation in micro- or nano-electronic
systems at ambient temperatures. This subject is very active internationally, and the joint project
ERéthiques-Jonctions (LIMSI, EM2C and IEF) has recently been selected for being funded by the Labex
LASIPS.
Lastly, we performed preliminary studies on the effects of turbulence on the heat transfer coefficient in a
cryogenic heat exchanger which, in the meantime, has been designed and built (Amrit et al., EJP, 2012).

Topic 4: Applied convective transfers
M. Pons, V. Bourdin, M. Firdaouss, S. Wullens (PhD)
Our group has a historical interest in refrigeration, more especially in solar-powered refrigeration. We
therefore contributed to the ANR project Orasol, aiming to compare, on a sound basis, the performance of
six solar-powered air-conditioners of various sizes, based on four different principles (liquid or solid sorption,
continuous or discontinuous cycles, closed or open cycles), and tested in five different places (from La
Rochelle on the Atlantic coast to the tropical island La Réunion). We developed a thermodynamic approach
based on non-dimensional energy- and mass-fluxes. It globally describes the energetic behavior of the units,
from incident solar energy to cold production via heat input into the sorption unit, while considering heat
rejection to the atmosphere, electricity consumption by auxiliaries, and water consumption when relevant.
Thanks to that analysis, comparison between the performance recorded during the past two years gives
comprehensive insight on features such as possible degradation of the solar collectors from one year to the
next, or quantitative differences between continuous cycles (liquid sorption or rotary desiccant wheel) and
discontinuous ones (solid sorption). The electricity consumption of solar air-conditioners is usually neglected
in the literature although its reduction is expected to be the main environmental benefit of that technique.
Our study highlights that the initial design of the unit, and more precisely of the system through which heat
is rejected to the atmosphere, is extremely important with respect to that consumption. The article resulting
from that long-term survey has recently been submitted to Energy 12. The Orasol project also gave the
opportunity to apply exergy analysis, another specialty of our group, to solar-powered systems. In a first
step, we established the method for evaluating the exergy content of solar radiation at the terrestrial level13.
We can now identify the exergy losses which are specific to given use of solar energy: with or without
concentration, for thermal or photovoltaic conversion 14. This topic extends in two directions: (i) study of the
exergy balance with low-concentration (recently started thesis on solar thermodynamic conversion heatelectricity, in co-direction with PIMENT), (ii) study of photovoltaic conversion enhanced by low-concentration
(recently started collaboration of V. Bourdin with N. Migan, LGEP Orsay).
Strictly thinking in terms of energy consumption, air-conditioners should be avoided. Nocturnal
ventilation is one way to refresh buildings at night, and to delay, hopefully to cancel, the moment when airconditioning is switched-on at daytime. The design of an efficient ventilation system requires reliable
numerical simulation of flows in buildings. Because of (i) the high values of the Reynolds and Rayleigh
numbers, (ii) the complexity of spatial configurations, and (iii) the long-term period of interest, such
numerical simulations are still very challenging. The project ADNBATI (financed by Programme Energie of
CNRS) aims to gather academic laboratories (CEA/LEB, PIMENT, GRESPI/LTM, LaSIE) and engineering
consultants (NOBATEK, CENAERO) around one common case corresponding to a real building and in reach of
numerical simulations with refined models. The novel accommodation building of the Institut d’Études
Scientifiques de Cargèse, named after G. Charpak, consists of two rows of bedrooms, symmetric with respect
to their neighbors and opened to the outside on both their East and West sides. These two openings were
designed for allowing natural ventilation to set in at night. Cooling by nocturnal ventilation solely induced by
the temperature difference between indoor and outdoor atmospheres was simulated using the widest
possible range of methods: from simple analytical formulae (method #1) to Direct Numerical Simulation
(method #7), including nodal models (#2), TRNSYS-CONTAM (#3), zonal model (#4), under-resolved
laminar CFD (#5), under-resolved turbulent CFD (#6). The dispersion between CFD methods, probably due
to under-resolution, is negligible compared to overestimation by non-CFD methods, +20% on the flow-rate,
12

Pons M., Anies G., Boudehenn F., Bourdoukan P., Castaing-Lasvignottes J., Evola G., Le Denn A., Le Pierrès N., Marc O.,
Mazet N., Stitou D., and Lucas F., Performance comparison of six solar-powered air-conditioners operated in five places,
Energy, submitted december 2011, ref EGY-D-11-02269.
13
Pons M., Bases for second law analyses of solar-powered systems, Part 1: the exergy of solar radiation, ECOS-2008 21st Int.
Conf. on Efficiency, Cost, Optimization, Simulation & Environmental Impact of Energy Systems, Cracow-Gliwice, Poland, 24-27
June 2008, A. Ziebik et al. Ed., Pub. AGH Univ. Sci. Technol., ISBN 978 83 922381 4 0, Vol. 1, pp. 139-146, 2008.
14
Pons M., Exergy analysis of solar collectors, from incident radiation to dissipation, article in press in Renewable Energy
(2012) doi:10.1016/j.renene.2012.03.040.
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but a factor of 2 on the cooling rate, see Figure 16. The error on the flow-rate may be acceptable, but that
on the cooling rate needs deeper analysis. The first three non-CFD methods (#1-#3) rely on the concept of
volume mixing, assuming that each room can be represented by one value for pressure, and for temperature
as well. Moreover, this average temperature is determined a priori by an arithmetic mean instead of
resulting from a heat balance. In contrast, CFD simulations demonstrate that the effective air temperature at
the exit opening is significantly less than the arithmetic mean value, see Figure 17. This work extends in two
directions. First, boundary conditions on pressure are being implemented in the numerical codes of LIMSI
(S. Wullens’ PhD), for us to be able to simulate such configurations with our own algorithms.

Figure 16 – Comparison of the results given by the seven investigated
methods: average ventilation flow-rate (left) and cooling rate (right).

Figure 17 – Average fields
(streamlines and temperature)
calculated with method #7
(LEB and PIMENT). Air enters
the room at the bottom right,
and exits at the top left.

Secondly, we wonder whether recirculation of the flow shown in Figure 17 is an artifact or a physical
phenomenon. This issue was addressed for the academic case of a 2D square cavity heated from below. The
equations are solved in the stream function-vorticity formulation 15; results are presented in Figure 18. The
two-cell flow calculated for Ra close to 107 does have some similarity with the recirculation observed in the
test-case ADNBATI. This latter study should be extended to unsteady flows generated by larger values of Ra.
Figure 18 – Flow-pattern phase-diagram in 2D square
cavity heated from below. The mono-cellular flow
pattern (MF), basic to this geometry, sets on at
Ra>2.5x103. In the range Ra=1.1x104-4.1x104,
solutions can be multiple, between 1-cell and 2vertical-cells (BVF), but with a very tiny difference in
the Nusselt number. For 4.1x104< Ra< 3.5x105, only
the mono-cell flow MF can exist. Beyond the latter
value another two-cell flow, now horizontal (BHF), can
set in. However, transition between MF and BHF
displays a hysteresis: transition from MF to BHF occurs
at Ra=2.5x106, while the reverse transition occurs at
Ra=3.5x105.

Highlights
• Good agreement was obtained between numerical simulations and experiments for the jet
resulting from the fall of a liquid drop on a solid surface.
• A massively parallel version of the numerical code for incompressible two-phase flows using the
front tracking technique for following the interface was developed and implemented.
• For the first time, Faraday waves exhibiting a pentagonal quasi-crystal pattern were calculated
numerically, in good agreement with experimental observations. The long time dynamics,
15

A. Raji, M. Hasmaoui, M. Fidaouss, Effect of a periodic cooling on natural convection heat transfer in a square cavity heated
from below, revised version submitted to J. Enhanced Heat Transfer (2012).
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•
•

•

•

•
•

symmetries and Fourier spectra of an exotic regime of hexagonal patterns in Faraday waves
characterized by an alternating appearance of quasi-hexagon and beaded stripe patterns were
simulated and interpreted in the context of a heteroclinic cycle.
Numerical methods were developed and validated for simulating separate bubbles
(discontinuous compressible gas phase) enclosed in a liquid volume.
The secondary flows (streaming) occurring in an acoustic resonator were simulated numerically
in the non-linear regime. The results qualitatively confirmed previous experimental observations
at LIMSI; a good quantitative agreement with measurements performed in the Prime Institute
(Poitiers) was obtained. The second order flow (streaming) was extracted from LDV
measurements of the acoustic velocity field in a 2m long acoustic resonator.
A new model was developed for the analysis of simplified thermoacoustic engines. The viscous
and heat conducting flow model of the active thermoacoustic cell was properly coupled, through
a Low Mach number asymptotic analysis, with linear acoustics in the left and right parts of the
tube.
For the first time the Kapitza resistance between a Silicon single-crystal and superfluid Helium
at 0.4K was measured. The Kapitza resistance was measured as a function of superfluid Helium
pressure, ranging from Standard Vapor Pressure to 25 bars, and at various temperatures.
A robust framework was established for defining the exergy transported by solar radiation in
terrestrial environment. Consequences on efficiency of solar collectors were drawn.
In August 2011, an international symposium was organized in Warsaw in honor of François
Feuillebois’
65th
birthday:
Microparticles
in
Stokes
Flows
(URL:
http://microparticles2011.ippt.gov.pl/).
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Indicators of scientific notoriety
Editorial board appointments
• F. Feuillebois and A. Sellier Ed., Theoretical Methods for micro scale viscous flows, Pub. Transworld
Research Network, 2009.

Organization of international or national scientific events
Member of the scientific, technical program and/or organizational committees for
international/national conferences or workshops
• D. Baltean-Carlès and S. Kouidri were members of both organizing and scientific committees of the 1st
summer school on Thermoacoustics, endorsed by CNRS, held in Roscoff, May 30-June 4, 2010 (42
participants).
• S. Kouidri is member of Int. technical committee of the 26th IAHR Symposium on Hydraulic Machinery
and Systems, Tsinghua Univ., Beijing China, August 19–23, 2012 (300 participants).
• M. Pons was President of the scientific committee of the Spring school SIMUREX, endorsed by CNRS,
held in IES Cargèse, April 18-24, 2010 (100 participants).

Invited lectures, talks or seminars
Keynote speaker at international conferences
• F. Feuillebois, Methods for the coupled Stokes-Darcy problem, in Second Conference of the EuroAmerican Consortium for Promoting the Application of Mathematics in Technical and Natural Sciences
(2nd AMiTaNS), Sozopol, Bulgaria, June 21-26, 2010. Keynote lecture.
• F. Feuillebois, Motion of particles in a parabolic ﬂow near a slip wall, in Third Conference of the EuroAmerican Consortium for Promoting the Application of Mathematics in Technical and Natural Sciences
(3rd AMiTaNS), Albena, Bulgaria, June 20-25, 2011. Keynote lecture.
• S. Kouidri, Investigations on unsteady wall-pressure measurement on the blade of axial flow fans for
aeroacoustics purpose, Int. Conf. Pumps and Fans,ICPF2010, Hangzhou China, October 18-21, 2010.
Keynote lecture.

Tutorials at workshops, conferences or summer schools
• D. Baltean-Carlès, Concept and theory of thermoacoustics, Internship in Thermoacoustics
(FPO/SFV/IPN), France, 2009, 2010.
• D. Baltean-Carlès, A thermoacoustic prime-mover prototype, lab class at the 1st summer school on
Thermoacoustics, Roscoff, May 30-June 4, 2010.
• F. Feuillebois, Écoulements à petit nombre de Reynolds, in Summer School and Workshop on
Numerical Methods for Interactions between Sediments and Water, LAGA - Paris 13 Nord Univ.
Villetaneuse, September 20-24, 2010. Invited conference.
• M. Pons, The ADNBATI benchmark, Lab class at École thématique SIMUREX, endorsed by CNRS, IES
Cargèse France, April 18-24, 2010.
• M. Pons, Le froid solaire, Lecture at the Summer School ENERSI (ÉNErgies Renouvelables et Systèmes
Intelligents) , Univ. Savoie, Le Bourget du Lac, August 30 – September 3, 2010.

Invited talks (national or international)
• F. Feuillebois, Motion of particles in a viscous ﬂuid near a slip wall, in 19th Polish National Fluid
Dynamics Conference, Poznan, Poland, September 5-9, 2010. Invited lecture.
• F. Feuillebois, Inﬂuence of wall slip in dilute suspensions, in Microparticles in Stokes ﬂows,
International symposium in honor of François Feuillebois’ 65th birthday, Warsaw, Poland, August 2226, 2011.
• S. Kouidri, Nonlinear Phenomena in Thermoacoustic Engines and Energetic Efficiency, in National Conf.
on Energy, Sen2012, Algiers Algeria, March 25-27, 2012. Invited lecture.

Participation in expertise and administration of research
International or national scientific networking
International networks
• D. Baltean-Carlès: Participant in the CMEP program 10MDU809 (directed by P. Le Quéré) for a FrenchAlgerian collaboration on A numerical and experimental study of thermoacoustic systems (2010-2014),
within the framework of the Hubert Curien Tassili program.
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• F. Feuillebois: French responsible scientist for a three-year (2009-2011) PICS French-Polish
cooperative agreement between CNRS and IPPT, Polish Academy of Sciences, on Hydrodynamic
interactions in suspensions.
• F. Feuillebois: Participant in two-years (2010-2011) cooperative agreement N° 23897 between CNRS
and Bulgarian Academy of Sciences, on Freezing of a flowing liquid film and application to icing.

National networks or working groups
• J. Amrit contributes to the Fédération TM&C and to the GdRe Thermal Nanosciences and
Nanoengineering, due to his collaboration with S. Volz.
• D. Baltean-Carlès, F. Jebali, S. Kouidri, and M. Pons contribute to the GdR Thermoacoustique.

Participation in evaluation or expertise committees
National committees (CoNRS, CNU, CCSU…)
• CCSU 60-61-62 of Univ. Paris-Sud: J. Amrit and M. Pons, with active participation of J. Amrit to the
CdS from 2009 to 2012.
• CCSU 60 of UPMC (2004-2011): D. Baltean and M. Pons, with active participation of M. Pons to the
CdS in 2010.
• CCSU 60 of INPL Nancy 2009-2012: M. Firdaouss.
• CCSU 60-62 of Univ. Paris-Est Marne-la-Vallée 2010-2011: M.-C. Duluc.
• CCSU 60-62 of UJF Genoble 2009: M.-C. Duluc.
• CCSU 60-62 of Arts et Métiers ParisTech 2010-2012: S. Kouidri

Expert for scientific evaluation committees
• S. Kouidri : expert for scientific evaluation for Ministère de l’Enseignement Supérieur et de la
Recherche, Crédit Impôt Recherche.
• S. Kouidri: scientific expert and member of Scientific Committee of Laboratoire National de Métrologie
et d’Essais.

Member of selection juries
• M.-C. Duluc: jury member for the Agrégation Mécanique 2009-2012.

Teaching activities and duties in relation to research
• V. Bourdin: two graduate lecture courses on Renewable Energies and Energetic Efficiency in the
Master's degree Physique et Applications de la Mécanique at Univ. Paris-Sud, one for the option DFE
and the other for the option PIE.
• F. Feuillebois: graduate lecture course in the Master's degree in Mechanics at Univ. Pierre et Marie
Curie (Paris 6): Suspensions and two-phase media.
• F. Feuillebois: graduate lecture course in the Master's degree in Engineering Mathematics at École
Polytechnique de Tunisie, La Marsa, Tunisia: Modeling of effective properties of heterogeneous random
media.
• D. Baltean-Carlès: graduate lecture course in the M1 Master SDI (EE --MF2A) at Univ. Pierre et Marie
Curie (Paris 6): Energy and environmental impact (2009-2011).
• M.-C. Duluc: graduate lecture course in the Master's degree in Physique des Énergies at Univ. ParisDiderot: (i) Forced convection; (ii) Pool boiling.
• M. Firdaouss: graduate lecture courses in the Master’s degree Mécanique des Fluides, at Univ. Pierre et
Marie Curie: (i) Flows in Natural Media and (ii) Numerical Methods in Fluid Mechanics.
• S. Kouidri: (i) Internal Flow in Turbomachinery, at UPMC (ii) Aeroacoustics and Noise Pollution at Arts
& Métiers Paristech and Univ. Pierre et Marie Curie (UPMC).
• M. Pons: graduate lecture course in the master’s degree DFE at Univ. Paris-Sud: Thermique du
Bâtiment.
• M. Pons: graduate lecture courses in the master’s degree Physique des Énergies at Univ. Paris-Diderot:
(i) Desiccant cooling; (ii) Radiative Heat Transfer ; (iii) Natural Convection.
• M. Pons: graduate lecture courses in the master’s degree OMEBA at Univ. Pierre et Marie Curie: SolarPowered Refrigeration.

Research conventions and contracts
Industrial relationships
• F. Feuillebois: Contract for thesis supervision, IRSN, Saclay, 2010-2011.
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Scientific publications
Doctoral theses and HDR
T1.

Périnet, N., Simulation numérique des ondes de Faraday 2010, thèse de l'Université Pierre et Marie
Curie. Soutenue à l’ESPCI, Paris, le 17 décembre 2010, 129 p.

Articles in peer reviewed scientific journals
A1.
A2.

A3.
A4.

A5.
A6.
A7.
A8.

A9.
A10.

A11.
A12.

Amrit, J., Impact of surface roughness temperature dependency on the thermal contact resistance
between Si(111) and liquid 4He. Physical Review B, 2010. 81 (5): pp.054303_1-054303_10.
Amrit, J. and C. Antoine, Kapitza resistance cooling of single crystal (111) niobium for superconducting rf
cavities. Physical Review Special Topics - Accelerators and Beams, 2010. 13 (2): pp.023201_1023201_8.
Daru, V., P. Le Quéré, M.-C. Duluc, and O. Le Maitre, A numerical method for the simulation of low Mach
number liquid-gas flows. Journal of Computational Physics, 2010. 229 (23): pp.8844-8867.
Debbech, A., L. Elasmi, and F. Feuillebois, The method of fundamental solution for the creeping flow
around a sphere close to a membrane. Journal of Applied Mathematics and Mechanics / Zeitschrift für
Angewandte Mathematik und Mechanik (ZAMM), 2010. 90 (12): pp.920-928.
Feuillebois, F., M. Bazant, and O. Vinogradova, Transverse flow in thin superhydrophobic channels.
Physical Review E, 2010. 82 (5): pp.055301_1-055301-4.
Feuillebois, F. and M. Ekiel-Jezewska, Suspensions de particules et interactions hydrodynamiques dans
un fluide visqueux. Annales de l'Académie Polonaise des Sciences à Paris, 2010. 12: pp.44-61.
Firdaouss, M. and M. Pons, Condition for neglecting upstream conditions when simulating flow in
granular beds. Journal of Porous Media, 2011. 14 (10): pp.943-949.
Fisher, M., D. Juric, and D. Poulikakos, Large convective heat transfer enhancement in microchannels
with a train of coflowing immiscible or colloidal droplets. Journal of Heat Transfer, 2010. 132 (11):
pp.112402_1-112402_10.
Hedhili, L., A. Sellier, L. Elasmi, and F. Feuillebois, Motion of small solid particles in a viscous fluid
enclosed in a cavity. Computer Modeling in Engineering & Sciences, 2011. 73 (2): pp.137-170.
Hireche, O., C. Weisman, D. Baltean, P. Le Quéré, and L. Bauwens, Low Mach number analysis of
idealized thermoacoustic engines with numerical solution. Journal of the Acoustical Society of America,
2010. 128 (6): pp.3438-3448.
Hireche, O., C. Weisman, D. Baltean, P. Le Quéré, M.X. François, and L. Bauwens, Numerical model of a
thermoacoustic engine. Comptes Rendus Mecanique, 2010. 338 (1): pp.18-23.
Hurault, J., S. Kouidri, F. Bakir, and R. Rey, Experimental and numerical study of the sweep effect on
three-dimensional flow downstream of axial flow fans. Flow Measurement and Instrumentation, 2010.
21 (2): pp.155-165.
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A13.
A14.
A15.

A16.

A17.

A18.
A19.

Khabthani, S., L. Elasmi, and F. Feuillebois, Perturbation solution of the coupled Stokes-Darcy problem.
Discrete and Continuous Dynamical Systems Series B, 2011. 15 (4): pp.971-990.
Mongruel, A., C. Lamriben, G. Yahiaoui, and F. Feuillebois, The approach of a sphere to a wall at finite
Reynolds number. Journal of Fluid Mechanics, 2010. 661: pp.229-238.
Mongruel, A., N. Lecoq, E. Wajnryb, B. Cichocki, and F. Feuillebois, Motion of a sphero-cylindrical particle
in a viscous fluid in confined geometry. European Journal of Mechanics - B/Fluids, 2011. 30 (4): pp.405408.
Pasol, L., M. Martin, M. Ekiel-Jezewska, E. Wajnryb, J. Blawzdziewicz, and F. Feuillebois, Motion of a
sphere parallel to plane walls in a Poiseuille flow. Application to field-flow fractionation and
hydrodynamic chromatography. Chemical Engineering Science, 2011. 66 (18): pp.4078-4089.
Rabe, C., J. Malet, and F. Feuillebois, Experimental investigation of water droplet binary collisions and
description of outcomes with a symmetric Weber number. Physics of Fluids, 2010. 22 (4): pp.047101_1047101_11.
Shin, S., I. Yoon, and D. Juric, The local front reconstruction method for direct simulation of two- and
three-dimensional multiphase flows. Journal of Computational Physics, 2011. 230 (17): pp.6605-6646.
Venkatesh, R., J. Amrit, Y. Chalopin, and S. Volz, Thermal resistance of metal nanowire junctions in the
ballistic regime. Physical Review B, 2011. 83 (11): pp.115425_1-115425-5.

Books & chapters in books
B1.

B2.

Feuillebois, F., N. Ghalya, A. Sellier, and L. Elasmi, Motion of particles in a parabolic flow near a slip wall,
in Applications of Mathematics in Technical and Natural Sciences. (Proceedings of the 3rd International
Conference AMiTaNS 2011), M.D. Todorov and C.I.E. Christov, Eds. 2011, American Institute of Physics
Conference Proceedings, vol. 1404. pp. 340-351.
Feuillebois, F., S. Khabthani, L. Elasmi, and A. Sellier, Methods for the coupled Stokes-Darcy problem, in
Applications of Mathematics in Technical and Natural Sciences. (Proceedings of the 2nd International
Conference AMiTaNS 2010), M.D. Todorov and C.I.E. Christov, Eds. 2010, American Institute of Physics
Conference Proceedings, vol. 1301. pp. 14-25.

Conferences with proceedings and review committee
C1.

C2.

C3.

C4.
C5.

C6.

C7.

C8.
C9.
C10.

C11.
C12.

Brangeon, B., A. Bastide, P. Joubert, and M. Pons. Étude numérique de la ventilation traversante
naturelle dans une cavité ouverte - Application au rafraîchissement passif des locaux. in Congrès
Français de Thermique. 2011. Perpignan, France. 213-218.
Brangeon, B., A. Bastide, P. Joubert, and M. Pons. Numerical investigation of natural convection in a
cavity using an open geometry. in International Conference on Indoor Air Quality and Climate. 2011.
Austin, USA. 6p.
Daru, V., D. Baltean, G. Gandikota, and C. Weisman. Etude numérique du vent acoustique non linéaire
dans un résonateur à ondes stationnaires. in Congrès Français de Mécanique. 2011. Besançon, France.
1190_1-1190_6.
Foissac, A., J. Malet, S. Mimouni, and F. Feuillebois. Binary water droplet collision study in presence of
solid aerosols in air. in International Conference on Multiphase Flow. 2010. Tampa, USA. 8p.
Foissac, A., J. Malet, S. Mimouni, P. Ruyer, F. Feuillebois, and O. Simonin. Eulerian simulation of
interacting PWR sprays : influence of droplet collisions. in International Topical Meeting on Nuclear
Reactor Thermal Hydraulics. 2011. Toronto, Ontario, Canada. 111_1-111_12.
Hurault, J., S. Kouidri, F. Bakir, and R. Rey. Amiet formulation and semi-empirical models for trailing
edge noise prediction in axial flow fans. in Conference on Thermal and Environmental Issues in Energy
Systems. 2010. Sorrento, Italy. 6p.
Jebali Jerbi, F., G. Huelsz, P. Lotton, and S. Kouidri. Quelques aspects liés aux différents niveaux de
l'amplitude de vitesse acoustique mesurée par anémométrie fil chaud. in Congrès Français d'Acoustique.
2010. Lyon, France. 6p.
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