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ABSTRACT

The main objective of the proposed Minisymposium is to bring together people working on
advanced, cutting-edge methods for both large-eddy simulation (LES) and regularization
models for turbulent flows. Both techniques aim to reduce the dynamical complexity of the
original Navier-Stokes (NS) equations resulting into a new set of PDE that are more amenable
to be numerically solved on a coarse mesh. Despite they are formally derived from different
principles, they share many features and fundamental issues. The proposed minisymposium
focusses on approaches that preserve some properties of the Navier-Stokes equations exactly.

Regularization methods basically alter the convective term to reduce the production of small
scales of motion. The first outstanding approach in this direction goes back to Leray [1].
Other regularization models have also been proposed and tested in the last decade [2-5].
Although the underlying idea remains the same, the list of properties of the NS equations that
are exactly preserved differs. On the other hand, LES equations result from filtering the NS
equations in space. The effect of the under-resolved scales is then given by the subgrid stress
(SGYS) tensor that depends on both the filtered and the unfiltered velocity. Then, the famous
closure problem in LES basically consists on approximating the unknown SGS tensor with a
tensor in terms of the (resolved) filtered velocity.

Nowadays, it is generally accepted that a turbulence model should fullfill a list of desirable
properties corresponding to different flow configurations. Among others, it should switch off
for laminar flows and for fine enough mesh resolutions. Moreover, the model should also
automatically vanish near solid walls. Hence, ideally models should be based on differential
operators that satisfy this list of properties per se. In this context, several eddy-viscosity
models for LES have been proposed in the last years [6-11]. The same ideas have also been
applied to regularization methods. In the proposed Minisymposium, results illustrating the
potential of new, advanced methods for both techniques will be presented and discussed.



11th. World Congress on Computational Mechanics (WCCM2014)

Sth. European Conference on Computational Mechanics (ECCM V)

6th. European Conference on Computational Fluid Dynamics (ECFD VI)
July 20 - 25, 2014, Barcelona, Spain

REFERENCES

[1] J. Leray, “Sur le movement d’un liquide visqueaux emplissant I’espace”, Acta Math. 63
(1934) 193-248.

[2] B.J. Geurts, D.D. Holm, “Regularization modeling for large-eddy simulation”, Physics of
Fluids 15 (2003) L13-L16.

[3] Guermond JL, Oden JT, Prudhomme S. “Mathematical perspectives on large eddy
simulation models for turbulent flows”, J Math Fluid Mech 2004;6:194-248.

[4] Roel Verstappen, On restraining the production of small scales of motion in a turbulent
channel flow, Comput. Fluids 37 (2008) 887—897.

[5] F.X. Trias, R.W.C.P. Verstappen, A. Gorobets, M. Soria, A. Oliva, “Parameter-free
symmetry-preserving regularization modeling of a turbulent differentially heated cavity”,
Comput. Fluids 39 (2010) 1815-1831.

[6] M. Germano, U. Piomelli, P. Moin, and W. H. Cabot. “A dynamic subgrid-scale eddy
viscosity model”, Physics of Fluids, 3:1760-1765, July 1991.

[7] F. Nicoud and F. Ducros. “Subgrid-scale stress modelling based on the square of the
velocity gradient tensor”, Flow, Turbulence and Combustion, 62(3):183-200, 1999.

[8] T. J. R. Hughes, L. Mazzei, A. A. Oberai, and A. A. Wray. The multiscale formulation of
large eddy simulation: Decay of homogeneous isotropic turbulence. Physics of Fluids, 13
(2):505-512, 2001.

[9] A.W. Vreman. “An eddy-viscosity subgrid-scale model for turbulent shear flow:
Algebraic theory and applications”, Physics of Fluids, 16(10):3670-3681, 2004.

[10] R. Verstappen. “When does eddy viscosity damp subfilter scales sufficiently?”, Journal
of Scientific Computing, 49(1):94-110, 2011.

[11] F. Nicoud, H. B. Toda, O. Cabrit, S. Bose, and J. Lee. “Using singular values to build a
subgrid-scale model for large eddy simulations”, Physics of Fluids, 23(8):085106, 2011.



