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INTRODUCTION

Backward-Facing Step (BFS) represents a canonical con-

figuration to study wall-bounded flows subjected to sudden

expansions. The flow separation leads to a shear layer down-

stream of the step, rising the well-known Kelvin-Helmholtz

instabilities. These are fed along the shear layer, until they

impinge at the lower wall, contributing to the recirculation

bubble detachment (see Figure 1). This kind of flows has

been extensively studied through experimental and numeri-

cal experiments due to its importance in many engineering

applications. In a numerical context, the Detached Eddy Sim-

ulation (DES) family models, presented by Spalart et al. [3] in

the late 90’s, were specifically designed to simulate these flow

configurations (BFS, airfoils at stall and jets). Since then, sev-

eral authors have focused their efforts on addressing the main

DES shortcomings, but there are still unsettled issues. In par-

ticular, delays in the transition zone from RANS to LES (Gray

Area) severely affects the triggering of the shear layer instabil-

ities, harming the flow downstream of the step-edge. In this

regard, two different strategies [4] can be used for leading this

issue. One of them consists on using artificial oscillations in

specific areas (zonal approach), whereas the other is based on

reducing the subgrid-scale viscosity, νsgs, given by

νsgs = (Cm∆)2Dsgs (ū) (1)

The second approach is preferable as it is aligned with the

initial non-zonal DES philosophy. In this context, the effects

of the subgrid-length scale (SLS), ∆ and the differential op-

erator, Dsgs (ū), on νsgs have been intensively studied during

the last years. For instance, the possibility of providing a

kinematic sensitivity to the ∆ coefficient was investigated by

different authors. First, a SLS resistant to mesh anisotropies

was proposed by Mockett et al. [4], ∆̃ω , defending the impor-

tance of using the maximum meaningful scale at each LES

control volume. Shur et al. [5] proposed another SLS in com-

bination with the Smagorinksy (SMG) model, ∆SLA, where

the ∆̃ω was modified for being turned off in 2D flow regions

through a blending function, FKH . This strategy is known

as Shear Layer Adapted (SLA). More recently, we proposed

a new SLS ,∆lsq , inherited from the LES literature [6] which

was satisfactorily tested [7] for addressing the Gray Area phe-

nomenon in DES. A comparison of ∆̃ω with ∆lsq is presented

in figure 2, observing how the ∆lsq improves the triggering of

Kelvin-Helmholtz structures.

Apart from the ∆ kinematic sensitivity, the influence of

Dsgs (ū) was also studied [8, 9]. In particular, the σ−LES [10]

was proposed as a good candidate due to its ability for turning

off in 2D flow regions. The σ−LES in combination with ∆̃ω

is named σ −DES. Other techniques directly inherited from

LES could also be applied, as the S3PQR LES turbulence

models presented by Trias et al. [11]. It is important noting

here, how the ∆SLA could be understood as a ∆̃ω with a

Dsgs (ū) sensitive to 2D flows, D2D
sgs (ū). Namely,

νsgs = (Cm∆sla)2Dsgs (ū)

=
(
Cm∆̃ω

)2
(FKH(〈V TM〉)2Dsgs (ū))

=
(
Cm∆̃ω

)2
D2D
sgs (ū) . (2)

This is, indeed, one of the most significant contributions for

addressing the Gray Area shortcoming in DES models (men-

tioned in Shur et al. [5]).

Hence, the present work assesses the capabilities of the

standard DES strategies (∆SLA,σ −DES) for predicting the

shear layer instabilities in a BFS configuration. Apart from

that, the newest strategies are also applied (∆lsq ,S3PQR).

The flow profiles and the rms distributions along the stream-

wise direction are compared with DNS data [1], as well as the

growth of the Kelvin-Helmholtz instabilities in the normal and

stream-wise direction.
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Figure 1: Instantaneous magnitude of the dimensionless pressure gradient [1] in a large part of the BFS domain (top), and a

detailed view (A) of the sudden expansion (bottom). The colour meaning can be observed in the gray scale. See the film attached

in the DNS data base [2].
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Figure 2: Resolved Reynolds stresses in the stream-wise direction (
〈
urms11

〉
) considering various subgrid length scales (left) and its

evolution at x2 = 0 (right). A SMG LES model is used in all cases. Where Uo refers to the inflow bulk velocity. Reference data,

DNS, has been obtained from Pont-Vı́lchez et al. [1].
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