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We will present some recent results about the development of numerical methods which are able to effi-
ciently capture the multiscale aspects of some problems described by kinetic equations. In particular we
will focus on fluid dynamics problems which present localized regions of departure from thermodynam-
ical equilibrium. The basic idea, on which the methods rely, is to couple macroscopic hydrodynamics
models and microscopic kinetic models through transition regions in which both equations are solved, to
smoothly pass from one regime to the other. We will show comparisons obtained using different decompo-
sitions of the probability distribution function, and then we consider the possibility of moving, merging,
creating or deleting interfaces in time through the evolution of a transition function which avoid the
use of boundary conditions between different models. The unsteady regions decomposition is achieved
considering a synergy of different breakdown criteria. An interesting criterion is obtained through in-
spections of the distribution function status, which however, at least in fluid regions, lead to evaluation
of the non-equilibrium state of the gas only through the knowledge of macroscopic variables. In the last
part we will consider the development of the same dynamic decomposition methods to the case in which
a Monte-Carlo (DSMC) resolution of the kinetic model is used instead of a deterministic one in order
to build up more realistic models and simulations. To this aim, the methodology must be adapted to
the DSMC method. In particular, the possible degradation of the quality of the fluid solver by the noise
induced by the DSMC method and the larger difficulties in the definition of the different regions should
be carefully explored and suitable prevention measures will have to be designed.

Références

[1] P.Degond, S.Jin, L. Mieussens, A Smooth Transition Between Kinetic and Hydrodynamic Equa-
tions. Journal of Computational Physics 209 (2005) 665–694.

[2] P.Degond, J.G. Liu, L. Mieussens, Macroscopic Fluid Model with Localized Kinetic Upscaling
Effects. MMS 5(3), 940–979 (2006)

[3] P.Degond, G. Dimarco, L. Mieussens., A Moving Interface Method for Dynamic Kinetic-fluid
Coupling. Journal of Computational Physics Vol. 227, pp. 1176-1208, (2007).

[4] G. Dimarco and L. Pareschi, Domain Decomposition Techniques and Hybrid Multiscale Methods
for kinetic equations. Proceedings of the 11th International Conference on Hyperbolic problems:
Theory, Numerics, Applications, pp. 457-464 (2007).

[5] P.Degond, G. Dimarco, L. Mieussens., Optimum Kinetic-Fluid Coupling Techniques With
Smooth Transitions. Submitted to Journal of Computational Physics.

[6] P. Degond and G. Dimarco, Monte Carlo-Fluid Coupling through Buffer Zones. Work in progress.

Giacomo Dimarco, Via Machiavelli 35, 44100 Ferrare, Italie & Commissariat à l’Énergie Atomique 91191 Gif
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