
FLUIDS & CO.  
Coupling Multi-Physics Models involving Fluids 

The CEMRACS is  a scientific event of  the SMAI (the French 
Society of  Applied and Industrial Mathematics), devoted 
this year to multi-physics modeling involving fluids. It will 
consist in two joint events: !
Summer school (July 20th — 24th)  
with focus on fluid coupling in life sciences 
• Didier Bresch (CNRS — LAMA) 

• Alberto Figueroa (King’s College, London) 

• Céline Grandmont (Inria — LJLL) 

• Igor Aronson (Argone National Lab, Chicago)              

• Paul Vigneaux (ENS Lyon — UMPA) !
Research session (July 27th — August 28th) 
Organizers: Emmanuel Frénod (UBS — Vannes), Emmanuel Maitre 
(U. Grenoble), Antoine Rousseau (Inria — Montpellier), Stéphanie 
Salmon (URCA — Reims), Marcela Szopos (U. Strasbourg) 

Informations and registration: 

cemracs15@smai.emath.fr 
http://smai.emath.fr/cemracs/cemracs15
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Main themes: modeling and simulation of  

• physiological flows, including multi-scale aspects (e.g.: 
blood rheology, red blood cells, interaction with 
vessels ...) 

• aquatic living systems, seabed and paralic ecosystems, in 
environments such as lagoons, estuaries, bays, … 

• morphodynamics of  continental, coastal and deep sea 
areas. 

• fluid-structure and fluid-gaz interactions, including elastic 
cell membranes interacting with fluid, Leidenfrost effect, 
ebullition crisis, …

Figure 2: Étang de Thau: bathymetry map
provided by Languedoc-Roussilon region

Because of non regular boundaries, the corresponding numerical solutions include spurious nu-
merical oscillations. To overcome this problem, we could either add some artificial viscosity in
the model, or try to use a finer mesh. In the case where a viscous model is used, we have:
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where ⌫ is the (dimensionnal) artificial viscosity.
Figures 3c and 3d correspond to the same coarse grid and the simulation is run with the same
parameters in Equation (5), except the viscosity that is changed from 100 to 400.1 The reader
can see the oscillations occuring in Figures 3a and 3b (white parts of the plot), close to the two
entrances; these oscillations disappear with an increased viscosity (Figures 3e and 3f), but the
solution has artificially spread inside the domain (Figures 3c and 3d).

Alternatively, we tried to avoid the numerical oscillations whilst keeping a small viscosity: this
necessitates a finer mesh, and was done in Figure 4d. The numerical simulation is improved
with respect to Figure 3c, without any artificial spread (as in Figure 3d). Naturally, this last
simulation is computationally more demanding, since the time step has to be reduced together
with the mesh size (for obvious stability reasons).

4 Multi-scale domain decomposition for embedded lagoons

In this section, we want to account for the possible multi-scale aspect of confinement. Indeed
we considered here Étang de Thau as a lagoon of the Mediterranean Sea, but one could also
focus on a small part of Thau and consider it as one of its sub-lagoons. On the other side, the
Mediterranean Sea can be seen as a (large) lagoon of the North-Atlantic Ocean, etc.

1One may first think that these viscosity values are way too high (unphysical), but we want to point out that
those values correspond to orders of magnitude of 10�6 in a nondimensionnal system (remember that the lagoon
is 2.104m long). Consequently, the additional term has very little influence on the tracer gt that remains mainly
driven by the velocity. The viscosity (at least for reasonably small values) only smoothes the solution.
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Societal challenges  

• Biomedical: medication by inhalation, artery prothesis 
makeup and install, regulation of  blood flow in brain 
vessels, use of  micro-swimmers in pharmacology, … 

• Environmental: preservation and exploitation of  aquatic 
ecosystems, simulation of  ocean-atmosphere interaction, 
fight against erosion and siltation, study of  micro-
organisms based filtration devices, … 

• Technological: Lab on a chip, micro-fluidic circuits, 
surface coating, water cooling, micro-swimmers … 


