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Résune :
L'utilisation en LES de filtres temporels plitque spatiaux offre un cadre formel consistant pour la étisdtion hy-
bride RANS/LES continue (devenant ainsi RANS/TLES). Unaddle hybride est @rseng, le T-PITM, adaptation de la

méthode PITM (Partially Integrated Transport Model) au cadtu filtrage temporel, b&ssur la €solution déquations
de transport pour les tensions de sous-filtre et la gaation elliptique pour la prise en compte des effets de paro

Abstract :

Using temporal filtering in LES rather than spatial filteringovides a consistent formalism for seamless hybride
RANS/LES (thus becoming RANS/TLES). Such an hybrid mqaebented, the so-called T-PITM, which is the adapta-
tion of the PITM (Partially Integrated Transport Model) tioet temporal filtering framework, based on transport equatio
for the subfilter stresses and elliptic blending to accoontfall effects.

Mots clefs : Hybrid, TLES, PITM, elliptic blending, elliptic relaxatio n, channel flow

1 Consistency and Invariance

A multitude of unsteady low-cost strategies have gainedjprence over the last decade. Some of these mo-
dels can be described as seamless hybrid RANS-LES modéie sense that the computation progressively
transitions from a RANS model in some regions of the flow,ipalarly in the near-wall zones, to an LES in
other regions where explicit computation of the large-ss#ductures is required. In statistically homogeneous
flows, such a model can be seen as an LES with a filter wAdgontinuously going to infinity or, equivalently,
as an LES with a cutoff wavenumbey continuously going to zero, which is the limit corresporglio the
RANS approach. However, the majority of flows of practicdévance are inhomogeneous, and in that case
such models suffer from an important conceptual weaknessadiine inherently different concepts underlying
LES and RANS models : the former give spatially filtered ficlddereas, the latter give long-time averaged
fields. In an analogous fashion, it is possible to constiustatistically steady (stationary) flows, a model that
can be seen asl@mporal Large-Eddy SimulatidifLES) with a filter widthA7 continuously going to infinity

or, equivalently, as a TLES with a cutoff frequengcy continuously going to zero, which is the limit corres-
ponding to the RANS approach [1]. Within the TLES approachegplicit filter can be defined that ensures
the Galilean invariance of both the filtered variables amda$sociated transport equations. This, coupled with
the correct limiting behavior associated with the tempditr A, forms the basis for consistently defined
variables that can represent both filtered or averaged faidhles.

2 Hybrid Model : Temporal PITM (TPITM)

Since the form-invariance of the filtered and averaged Né&yiekes equations is well-known, the delimiting
between filtered and averaged fields rests in the subfiltde ssadeling and the associated spectral cutoff.
This formalism can be readily coupled to an adaptation ofRagially Intergated Transport Model (PITM)
[2, 3] to a temporal PITM (TPITM) model. The result is a hybritethod that incorporates both a spectral
cutoff associated with the inclusion of filtered stress arsystem of transport equations used to govern the
subfilter scales (SFS). In this case, transport equatiagribéasubfilter stresses and the dissipation rate are used
analogous to the familiar second-moment closure RANS sybté with closure predicated on length and time
scales consistent with a filtered field with frequency cutgffrather than closure predicated on equilibrium
turbulence. Additionally, the resulting equation systeithin this TPITM framework can be amended in order
to account for nonlocal wall-blockage by employing theptiti blending methodology [4, 5], a simplified
formulation of the elliptic relaxation methodology [6]. Aaxample of the partitioning of the turbulent energy
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FIG. 3 — Mean velocity profiles. Comparison FIG. 4 — Rate of resolved energy and shear-
with results obtained on the same coarse mesh stress.
using the dynamic Smagorinski model.

among the resolved and subfilter scales is shown in Fig. lhticase of a channel flow Be- = 395, in
comparison with DNS [7]. This figure and Fig. 4 show that thbféter kinetic energy is 90% of the total
kinetic energy indicating a RANS-type behavior in the vigirof the wall, but decreases to 40% near the
center of the channel suggesting a very large-eddy sinoul&@havior. Moreover, Fig. 4 shows that the 10%
of resolved energy in the near-wall region are not contitiiguto the shear-stress, which indicates that they are
the footprint of the inactive motions induced by the outgelaFigs. 2 and 3 show the satisfactory reproduction
by the model of the Reynolds stress anisotropy, and of thexraekcity profile on a mesh much too coarse
for standard LES.

References

[1] Pruett C. D., Gatski T. B., Grosch C. E., and Thacker W. e Temporally filtered Navier-Stokes equa-
tions : Properties of the residual stress. Phys. Fluidg)12(127-2140, 2003.

[2] Schiestel R. and Dejoan A. Towards a new partially ind¢gd transport model for coarse grid and unsteady
turbulent flow simulations. Theoret. Comput. Fluid Dynasit8(6), 443—-468, 2005.

[3] Chaouat B. and Schiestel R. A new partially integratesh$port model for subgrid-scale stresses and
dissipation rate for turbulent developing flows. Phys. @4uil7(065106), 1-19, 2005.

[4] Manceau R. and Hanjali¢ K. Elliptic blending model : Amaear-wall Reynolds-stress turbulence closure.
Phys. Fluids, 14(2), 744-754, 2002.

[5] Manceau R. An improved version of the Elliptic Blendinghiel. Application to non-rotating and rotating
channel flows. In Proc. 4th Int. Symp. Turb. Shear Flow PhesramWilliamsburg, VA, USA, 2005.

[6] Durbin P. A. Near-wall turbulence closure modeling vaith “damping functions”. Theoret. Comput. Fluid
Dynamics, 3, 1-13, 1991.

[7] Moser R. D., Kim J., and Mansour N. N. Direct numerical slation of turbulent channel flow up to
Re = 590. Phys. Fluids, 11(4), 943-945, 1999,

2



