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Subgrid characteristic length for LES: state of the art

i+ (T-V)i=Vu-Vp-V.-7(t); V-u=0
eddy-viscosity — 7 (U) = —2v.5(0)

1F X.Trias, D.Folch, A.Gorobets, A.Oliva. Physics of Fluids, 27: 065103, 2015.
2M.H.Si|vis, R.A.Remmerswaal, R.Verstappen, Physics of Fluids, 29: 015105, 2017.
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Subgrid characteristic length for LES: state of the art

@ In the context of LES, most popular (by far) is:

Svol = (AxAyAz)'/?

<— Deardorff (1970)

0Sco = f(ala 32)6V01a 51_2 = \/(AX2 + Ay2 + AZ2)/3
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Subgrid characteristic length for LES: state of the art

@ In the context of LES, most popular (by far) is:

Svol = (AxAyAz)'/?

<— Deardorff (1970)

8o = (a1, 32)vol, 52 = /(DX + By + £22)3

@ In the context of DES:

‘6max = max(Ax, Ay, Az) ‘<: Sparlart et al. (1997)

Recent flow-dependant definitions

dw = \/(w)%AyAz +wZAxAz + w2AxAy)/|w|? <= Chauvet et al. (2007)

[S2H

wz*n, rE?lX 8|/n_/m|

ds1A = OwFru(VTM)

<= Mockett et al. (2015)

<= Shur et al. (2015)
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Building a new subgrid characteristic length for LES

Research question:

@ Can we find a simple and robust definition of 4 that minimizes the
effect of mesh anisotropies on the performance of subgrid-scale
models?
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Building a new subgrid characteristic length for LES

Research question:

@ Can we find a simple and robust definition of 4 that minimizes the
effect of mesh anisotropies on the performance of subgrid-scale
models?

Starting point:

G=Vu Gs = GA
— —_——
physical space computational space
Ax
where for a Cartesian grid A = Ay

Az
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Building a new subgrid characteristic length for LES

Idea: §, appears in a natural way when we consider the leading term of
the Taylor series expansion of the subgrid stress tensor,

52

_ _ 1
(1) = 55 (7)) = EG(;G(;T +O(6%

_/

GG + 0O(5%)

_/

physical space computational space

3F.X.Trias, A.Gorobets, M.H.Silvis, R.W.C.P.Verstappen, A.Oliva. A new subgrid
characteristic length for turbulence simulations on anisotropic grids, Physics of Fluids,
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Building a new subgrid characteristic length for LES

Idea: §, appears in a natural way when we consider the leading term of
the Taylor series expansion of the subgrid stress tensor,

52

_ _ 1
(1) = 55 (7)) = EG(;G(;T +O(6%

_/

GG + 0O(5%)

_/

physical space computational space

A least-square minimization leads to3

GsGl : GGT
%=\ GeT ceT

3F.X.Trias, A.Gorobets, M.H.Silvis, R.W.C.P.Verstappen, A.Oliva. A new subgrid
characteristic length for turbulence simulations on anisotropic grids, Physics of Fluids,

29:115109, 2017.
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Building a new subgrid characteristic length for LES

Properties of new definition

GGl : GGT

%a=\GeT . GoT
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Building a new subgrid characteristic length for LES

Properties of new definition

GsGl : GGT
%a=\GeT . GoT

o Locally defined: only G and A needed (G5 = GA)
o Well-bounded: Ax < dj5q < Az (assuming Ax < Ay < Az)
@ Sensitive to flow orientation, e.g. for rotating flows (G = Q)

5o = \/w)%(AyZ +Az2) + W (Ax? + Az2) + w2 (Ax? + Ay?)
sq =

2Jw|?
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Building a new subgrid characteristic length for LES

Properties of new definition

GsGl : GGT
%a=\GeT . GoT

o Locally defined: only G and A needed (G5 = GA)
o Well-bounded: Ax < dj5q < Az (assuming Ax < Ay < Az)
@ Sensitive to flow orientation, e.g. for rotating flows (G = Q)

5o = \/w)%(AyZ +Az2) + W (Ax? + Az2) + w2 (Ax? + Ay?)
sq =

2Jw?
@ Applicable to unstructured grid

. (‘/37@5 Ql+1 Oi

Idea:
e ox  Ax

= if you can compute G; then, you can compute Jjg!
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Building a new subgrid characteristic length for LES

Properties of new definition

GsGl : GGT
%a=\GeT . GoT

o Locally defined: only G and A needed (G5 = GA)
o Well-bounded: Ax < dj5q < Az (assuming Ax < Ay < Az)
@ Sensitive to flow orientation, e.g. for rotating flows (G = Q)

5o = \/w)%(AyZ +Az2) + W (Ax? + Az2) + w2 (Ax? + Ay?)
sq =

2Jw?
@ Applicable to unstructured grid

. (‘/37@5 Ql+1 Oi

Idea:
e ox  Ax

= if you can compute G; then, you can compute Jjg!

@ Easy and cheap



A new subgrid characteristic length
[e]e]e] )

Building a new subgrid characteristic length for LES

Properties of new definition
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Results for LES

Decaying isotropic turbulence

Comparison with classical Comte-Bellot & Corrsin (CBC) experiment

32x32xN, "CBC @©

107
New approach &

N By ——
N

o]
N,={32,64,128,256,512,1024,2048} g

1 10
k

A new subgrid length-scale for LES



Results for LES
(o] lelelele)

Results for LES

Turbulent channel flow
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Results for LES

Turbulent channel flow
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Results for LES

Turbulent flow around square cylinder at Re = 22000

DNS* 324M grid points LES 19524 x N,

4F X.Trias, A.Gorobets, A.Oliva. Turbulent flow around a square cylinder at Reynolds
number 22000: a DNS study, Computers&Fluids, 123:87-98, 2015.
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Results for LES

Turbulent flow around square cylinder at Re = 22000
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Results for LES

Turbulent flow around square cylinder at Re = 22000
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Concluding remarks

@ A new definition for § has been proposed

"=\ GeT GeT

o It is locally defined, well-bounded, cheap and easy to implement
@ LES tests: HIT, turbulent channel flow

@ LES on unstructured grids: turbulent flow around square cylinder

A new subgrid length-scale for LES



Conclusions
[ leJele]

Concluding remarks

@ A new definition for § has been proposed

Osa =\ GeT GeT

It is locally defined, well-bounded, cheap and easy to implement
LES tests: HIT, turbulent channel flow

LES on unstructured grids: turbulent flow around square cylinder v

DES tests: backward facing step and turbulent jet (Arnau Pont et al.,
AIAA journal, submitted and fingers crossed!!!) v
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Conclusions
[ leJele]

Concluding remarks

@ A new definition for § has been proposed
597\ GGT : GGT

It is locally defined, well-bounded, cheap and easy to implement
LES tests: HIT, turbulent channel flow

LES on unstructured grids: turbulent flow around square cylinder v

DES tests: backward facing step and turbulent jet (Arnau Pont et al.,
AIAA journal, submitted and fingers crossed!!!) v

<

Takeaway message: 5 8? 52

@ Definition of § can have a big effect on simulation results
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Further reading...

®ﬁmm.«k
PHYSICS OF FLUIDS 29, 115109 (2017) o

A new subgrid characteristic length for turbulence simulations
on anisotropic grids
F. X. Trias,"@ A. Gorobets,'2% M. H. Silvis,®® R. W. C. P. Verstappen,® and A. Oliva'-®

"Heat and Mass Transfer Technological Center, Technical University of Catalonia, C/Colom 11,
08222 Terrassa, Spain

2Keldysh Institute of Applied Mathematics, 4A, Miusskaya Sq., Moscow 125047, Russia
Johann Bernoulli Institute for Mathematics and Computer Science, University of Groningen,
P.O. Box 407, 9700 AK Groningen, The Netherlands

(Received 12 May 2017: accepted 6 ber 2017; published online 29 2017)

Direct numerical si i of the incompressible Navier-Stok i are not feasible yet
for most practical turbulent flows. Therefore, dynamically less complex mathematical formulations
are necessary for coarse-grained simulations. In this regard, eddy-viscosity models for Large-Eddy

Simulation (LES) are probably the most popular example thereof. This type of models requires the
calculation of a subgrid characteristic length which is usually associated with the local grid size.
For isotropic grids, this is equal to the mesh step. However, for anisotropic or unstructured grids,
such as the pancake-like meshes that are often used to resolve near-wall turbulence or shear layers,
a consensus on defining the subgrid characteristic length has not been reached yet despite the fact
that it can strongly affect the performance of LES models. In this context, a new definition of the
subgrid characteristic length is presented in this work. This flow-dependent length scale is based on
the turbulent, or subgrid stress, tensor and its representations on different grids. The simplicity and
mathematical properties suggest that it can be a robust definition that minimizes the effects of mesh
anisotropies on simulation results. The performance of the proposed subgrid characteristic length is
successfully tested for decaying isotropic turbulence and a turbulent channel flow using artificially
refined grids. Finally, a simple extension of the method for unstructured meshes is proposed and tested
for a turbulent flow around a square cylinder. Comparisons with existing subgrid characteristic length
scales show that the proposed definition is much more robust with respect to mesh anisotropies and
has a great potential to be used in complex geometries where highly skewed (unstructured) meshes
are present. Published by AIP Publishing. https://doi.org/10.1063/1.5012546

cale for LES




Conclusions
[e]e] 6]

... and near future reading (hopefully)

New strategies for mitigating the Grey Area in DDES models
A. Pont-Vilchez *
Universitat Politécnica de Catalunya, Terrassa, Spain, E-08222

A.Duben ' and A. Gorobets *
Keldysh Institute of Applied Mathematics of Russian Academsy of Sciences, Moscow, Russia, 125047

A. Revell ¥
University of Manchester, Manchester, United Kingdom, M13 9PL

A. Oliva " and EX. Trias!
Universitat Politécnica de Catalunya, Terrassa, Spain, E-08222

This work presents a new approach for mitigating the unphysical delay in the RANS to

LES transition, named Grey Area, which is a cl; ue for hybrid RANS-LES turbulence

models such as Delayed-Detached Eddy Simulation (DDES). An existing methodology designed

for improving the LES performance in complex flow areas has been adapted and tested. In

particular, LES and DDES suffer from an exce 1 areas where the flow
does not strictly behave in a fully turbulent manner, such as free shear layers. In these situa-

tions, dissipation needs to be reduced in order to enable more physically accurate development

of turbulence, and thus, the overall meanflow field. In this context, the following paper assesses
a recent 2D sensitive turbulent model and a new subgrid length scales, initially developed for

LES applications, as a new solution for mitigating the Grey Area. The new approach has been

sed for two classic cases and compared with standard methodolo

in both incompress-
ible and compressible flow. Moreover, two different codes have been used, OpenFOAM and

NOISEite, for cross-validation purposes. Encouraging results have been obtained with the new

approach, supporting its suitability as a good candidate for addressing the Grey Area numerical

issue.
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