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HYBRID VERSUS PURE-LESMODELS
COMPARISON FOR SUBCRITICAL
CYLINDER FLOWS

Emmanuelle Itam, Stephen Wornom, Bruno Koobus, Alain Berxi

1 Introduction

In Computational Fluid Dynamics applications, there is achor turbulence mod-
els which deliver good predictions for flows involving botimiinar and turbulent
boundary layers, without knowing in advance the regionsre/fierbulence occurs,
and then without changing their parameters according to ana priori knowledge
of the flow characteristics. In this work, which extends thedg [6], we are inter-
ested in the assessment of hybrid models for the computafisnbcritical flows
with laminar boundary layers and in the improvement of th&enMaehavior predic-
tion in a hybrid RANS/LES model [5, 6, 9]. The performancesadDDES model
are compared with a dynamic variational multi-scale (DVN&ye eddy simulation
model. The reasons why DDES computations give less goodapiads are many.
We concentrate in this study on the treatment of the wake. &fla@ RANS/DVMS
and DDES/DVMS hybrid models, and compare their predictiaits those pro-
vided by a DDES model. Three subcritical flows past a circajdinder are con-
sidered, namely at Reynolds numbers 3900, 20000 and 148ee0rables 1,2 and
3). Computations are also compared with other LES and hylonaputations in the
litterature and with experimental data.
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2 Numerical model

The spatial discretization is based on a mixed Finite-Elm&inite-Volume for-
mulation on unstructured grids, with degrees of freedoratied at vertices of the
tetrahedrization. The finite volume part is integrated omal dnesh built from me-
dians in 2D and median plans in 3D. The space-discretizetdadg Navier-Stokes
equations can be written as follows :

(V. @) +(0-FW), @) =~ (xw). ) )

whereW is the set of conservatives variables amthe test function related to ver-
texi. The diffusive termg (W) are evaluated by a Finite-Element method, whereas
a Finite-volume method is used for the convective fluxéd/). The numerical ap-
proximation of the convective fluxes at the interface of hewying cells is based
on the Roe Scheme. In order to obtain second-order accurapace, a particular
MUSCL-like method is used. The numerical (spatial) dissgraprovided by this
scheme is made of sixth-order space derivatives and is ntrated on a narrow-
band of the highest resolved frequencies. This is expeotkehit dissipation of the
large scales. This dissipation behaves adx3) (on uniform 1D meshes). Lastly,
a parameteys directly controls the amount of introduced viscosity and ba ex-
plicitly tuned in order to control the influence of numerichésipation and, when
necessary, reduce it to the minimal amount needed to staliie simulation. Typ-
ically, ys is set to a value which gives a 10 times smaller dissipatian the fully-
upwind fifth-order scheme. Time integration is performedabgecond-order im-
plicit second-order backward difference scheme allowinaddress flows at various
Mach numbers. In the present paper, the Mach number is cleogeh to 01.

3 Turbulence modeling

In the VMS approach [7] which we use, the subgrid-scale (S$&ps term is act-
ing only on small scales and is computed from the small scafeponent of the
flow field by applying either a Smagorinsky or a WALE SGS modeirther, the
constants of these models can be evaluated by a Germagadziibmic procedure
[10]. This results in oubVMS model, the semi-discretization of which writes:

oW
(5 @) (0 (w0 = — (W) ). @
in which the upper index refers to the resolved small scales. In order to define
our hybrid model, we choose a RANS modelling. It is based enkta Goldberg
model combined with the Menter correction. We denote it i $equel afRANS
k — e-Menter and write it in short:
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(%"”) +(O-F(W)), @) = —(T(W)), @). 3)

Let us define the hybriRANSDVMS model based on the above DVMS and RANS
models:

IW
(P8 )+ (0-F (W), @) =~ (F(W), ) — (1 0) (1MW), gf).
(4)
whereW, denotes the hybrid variables. The symiBok [0, 1] holds for the blend-
ing function and is defined as following@ = 1 — f4(8), 6 = tanh(&?) with
& = A/lrans Or & = Usgs/Hrans. The shielding functiorfy is defined as in DDES,
and thereforefy =~ 0 in the boundary layer, anfy ~ 1 outside the boundary layer.

For comparison purpose, we introduce BIRESk — e-Menter, written

(0<W>
ot
in which the above RANS model is introduced in a DDES formalaby replac-
ing in the RHS of thek equations thedANS = pe dissipation term byDPPES =
pk% /IDDES with Ippes = |(g /8 — fd max(O, |(g /S — CDDESA) whereCppgs = 0.65
andA is a measure of the local mesh size. We have checked in [5iHisatnodel

gives predictions close to other DDES approach based dk-the SST model.

@)+ (0-F(W)). @) = —(T°°=5(W)), @), (5)

Lastly, we define th® DES'DVMS model. This version has the same switching
as the previous hybrid one, but combines DVMS with the DDE@@&ho

(%50@) + (D-F (W), @) = ~0(*PES(W). 1) — (1-0) (<™. ).
(6)
Compared to the RANS/DVMS model, and outside the boundargrlavhere
the RANS approach applies, this hybrid model still behave®¥MS if the grid
resolution is sufficient, but it switches to DDES instead &N in coarser grid
locations. It may also be noted that the LES component (DV8ISyur hybrid
models allows a priori a better prediction of the wake thandimpler LES model

invoked by DDES.

4 Results

We reconsider here the two first test cases of [6], with séupdates and new com-
putations involving other models. A third test case (seeféd.), which concerns a
high subcritical Reynolds number, is also presented foatisessment of the differ-
ent turbulence models introduced in this work. Among ourrtd/models, it turned

out that DDES/DVMS performs slightly better, and only itsukts are reported in
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the following tables. For reasons of brevity, comments @résults are given with
conclusive remarks in the last section.

Cq —Cp, cm Ly S
Experiments
Norberg [11] min. 0.94 0.83 - - -
Norberg [11] max. 1.04 0.93 - - -
Parnaudeau [13] - - - 1.51 0.210
Present simulations
No model 0.87 0.73 0.04 211
RANS k — e-Menter 0.86 0.72 0.03 2.18 0.216
DDESKk — e-Menter 0.98 0.83 0.10 1.70 0.215
DVMS 1.03 0.86 0.19 1.50 0.216
DDES/DVMS 0.99 0.79 0.12 1.67 0.216
Other simulations
Kravchenko (LES) [8] [1.04-1.38] [0.93-1.23] - [1.-1.35] .1@3
D’Alessandro SA-IDDES [1] 0.98 0.83 0.109 1.67 0.214
D’Alessandrov® — f DES [1] 1.02 0.87 0.14 1.42 0.222

Table 1 Bulk quantities for Re=3900 flow around a cylind€y holds for the mean drag coeffi-
cient,Cyp, for the mean pressure coefficient at cylinder bagj8? for the root mean square of lift
time fluctuationsl, is the recirculation lengttg the Strouhal number.

Cy Cpo C™  Osp L S
Experiments
Norberg [12] 1.16 1.16 0.47 78 1.03 0.194
Present simulations
No model 1.27 1.35 0.61 82 0.96
RANSk — e-Menter 1.31 1.49 0.75 85 0.50 0.212
DDESk — e-Menter 1.25 1.21 0.58 86 0.90 0.194
DVMS 1.18 1.20 0.46 81 0.96 0.196
DDES/DVMS 1.17 1.13 0.46 82 1.05 0.200
Other simulations
Salvatici LES [14] min.  0.94 0.83 0.17 - 0.7 -
Salvatici LES [14] max. 1.28 1.38 0.65 - 1.4 -

Table 2 Bulk flow parameters for Re=20000 flow around a cylindg, is the separation angle.
The other symbols are the same as in Table 1.
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Cq —Cp, O™ L, S Osep
Experiments
Cantwell-Coles [3] 1.24 1.21 - 0.5 0.179 77
Szepessy-Bearman [15] - - 0.39 - - -
Present simulations
No model 0.43 0.40 0.14 0.63 0.142
RANS k — e-Menter 0.77 087 0.31 1.05 0.218 98
DDESk — e-Menter 0.97 1.01 0.30 0.96 0.217 85
DVMS 1.25 1.33 0.64 0.88 0.217 76
DDES/DVMS 1.04 1.12 0.41 0.91 0.214 85
Other simulations
Froehlich (LES Smago.) [4] 1.16 1.33 - 0.41 0.217 94
Breuer (LES Smago. Dyn) [2] 1.24 1.40 - 0.57 0.204 96

Table 3 Bulk quantities for Re=140000 flow around a cylinder. Same sysé®in Table 2.

Fig. 1 Iso-contours of Q-
criterion colored by velocity
magnitude obtained with
RANS/DVMS model for
Re=140000 flow around a
cylinder.

5 Comments and conclusions

In the lines of [6], DVMS, DDES and our hybrid model are congghfor subcritical
flows past cylinders.

For low and medium subcritical Reynolds numbers (Re = 39@(Re1= 20000),
the computations performed with the turbulent models noaeti above compare
well with experimental data and numerical results in theiéture. Several remarks
can however be made. First, although theoretically not idiafphe laminar bound-
ary layer is computed by a RANS model), the DDES and our hydypjagroach pro-
vide a reasonably good prediction of main outputs. As ndtiog1], the eddy vis-
cosity introduced in the attached boundary layer is smalgh so that its effect is
negligible. Second, the DDES and our hybrid model predistiare generally less
accurate than those obtained with DVMS for Reynolds numB&@03which is a
LES model of intermediate sophistication. Third, comparaur hybrid approach
and DDES, we observe that an overall improvement is obtdimeeynolds num-
ber 20000 when a better LES component is locally imposea\tiir the use of
DVMS in the wake region).

For a higher subcritical Reynolds number (Re = 140000),eMbVMS behaves
correctly, the RANS, DDES and our hybrid turbulence mode&djgt a turbulent
boundary layer and are then not accurate. The DDES/DVMS hsbaevs interme-
diate prediction with a reasonable improvement with respe®DES. However,
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still only LES-type simulations provide bulk quantitiesegiction inside a 10% in-
terval. DDES results and our hybrid model predictions ara #0% interval, with
a slight improvement for our hybrid approach. These modédlseed further im-
provements for properly tackling such subcritical flows.

Acknowledgements This work has been supported by French National Research jganNR)
through project MAIDESC $ANR-13-MONU-0010. This work was granted access to the HPC
resources of CINES under the allocations 2017-A0022A0506172817-A0022A06386 made by
GENCI (Grand Equipement National de Calcul Intensif).

References

1.

10.

11.

12.

13.

14.

15.

V. DAlessandro, S. Montelpare, and R. Ricci. Detached eduylations of the flow over
a cylinder at Re = 3900 using Open- FOAM a low-diffusion MUSCL estie for LES on
unstructured grids. Computers and Fluids, 136:152169, 2016.

M. Breuer. A challenging test case for large eddy simulatiggh Reynolds number circular
cylinder flow. International Journal of Heat and Fluid Flov, B48-654, 2000.

B. Cantwell and D. Coles. An experimental study of entrainraadttransport in the turbulent
near wake of a circular cylinder. Journal of Fluid Mechani&§,1321-374, 1983.

J. Froehlich, W. Rodi, J.P. Bertoglio, U. Bieder and H. Tdudrge Eddy Simulation of Flow
around Circular Cylinders on Structured and Unstructureds3r Ed.: E.H. Hirschel. Nu-
merical flow simulation Il. 75, 231-249, Vieweg, 2001.

E. Itam, S. Wornom, B. Koobus and A. Dervieux. Applicatioradflybrid Variational Multi-
scale Model to Massively Separated Flows. 3AF, Toulouse, Frafaeh 2015.

E. Itam, S. Wornom, B. Koobus, and A. Dervieux. Hybrid simulaid high-Reynolds num-
ber flows relying on a variational multiscale model. 6th Symposaimiybrid RANS-LES
Methods, Strasbourg, France, 26-28 September 2016.

B. Koobus and C. Farhat. A variational multiscale method lierlarge eddy simulation of
compressible turbulent flows on unstructured meshes-applicatiamtex shedding. Comput.
Methods Appl. Mech. Eng. 193, 13671383, 2004.

A.-G. Kravchenko and P. Moin. Numerical studies of flow ovecigular cylinder at
Rep=3900, Phys. Fluids, 12:2, 403-417, 2000.

C. Moussaed, M.V. Salvetti, S. Wornom, B. Koobus, and A. DewieSimulation of the
flow past a circular cylinder in the supercritical regime by blieiy RANS and variational-
multiscale LES models. Journal of Fluids and Structures, 47:13, 4414,

C. Moussaed, S. Wornom, M.V. Salvetti, B. Koobus and A. B Impact of dynamic
subgrid-scale modeling in variational multiscale large-eddy Etian of bluff body flows.
Acta Mechanica, 12:33093323, 2014.

C. Norberg. Effects of Reynolds number and low-intensggs$tream turbulence on the flow
around a circular cylinder. Publ. No0.87/2, Department of lggpThermosc. and Fluid Mech.,
Chalmer University of Technology, Sweden, 1987.

C. Norberg. Fluctuating lift on a circular cylinder: rew and new measurements. J. Fluids
Struct., 17:5796, 2003.

P. Parnaudeau, J. Carlier, D. Heitz, and E. Lamballais.fitrpatal and numerical studies of
the flow over a circular cylinder at Reynolds number 3900. PRigsds, 20(085101), 2008.
E. Salvatici and M.V. Salvetti. Large eddy simulationstaf flow around a circular cylinder:
effects of grid resolution and subgrid scale modeling, Wind atidc&ires, 6:6, 419-436,
2003.

S. Szepessy and P. W. Bearman. Aspect ratio and end plates effeecortex shedding from a
circular cylinder. J. Fluid Mech. 234, 191217, 1992.



