Assessment of LES techniques for mitigating
the Grey Area in DDES models.

A. Pont-Vilchez * , D. Santos * , F.X. Trias * , A. Duben T A. Revell
and A. Oliva *

*Heat & Mass Transfer Technological Center, UPC, Spain
TKeldysh Institute of Applied Mathematics, Moscow, Russia
$School of MACE, University of Manchester, UK.

3 MANCHESTER

A. Pont-Vilchez * , D. Santos * , F.X. Trias * , A. Duben T A. Revell ¥ and A. Oliva *

O

Centre Tecnologic de Transferéncia de Calor
UNIVERSITAT POLITECNICA DE CATALUNYA

EUCASS2019 , Madrid. July 15t - 4t" 2019



Introduction

Index

Introduction

ben T A. Revell ¥ and




Introduction

Turbulence models

Industrial Application @ —
RANS HYBRID WMLES LES DNS

Computational Cost @ »

Degree of Modelling  <gf——————o o

A. Pont-Vilchez * , D. Santos * , F.X. Trias * , A. Duben T A. Revell ¥ and A. Oliva *

EUCASS2019 , Madrid. July 15t - 4t" 2019



Introduction
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Detached Eddy Simulation (DES, Spalart 1997)
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Delayed - DES (DDES, Spalart 2006)
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Production Term

Destruction Term

d in “Destruction Term":
d=d— fymax(0,d — WCpesA),

d in “Destruction Term”: where fy is the “shielding function”

fy =1 —tanh ([8rd]3> , rq = min (]Vyzlzfdz’ 10)
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Subgrid Length Scale (1): State of the art

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

Ay = (AxAyAz)'/3 | Deardorff (1970)

m In the context of DES:

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

Recent flow-dependant definitions

Ay = \/(w)%AyAz + w2AxAz + w2AxAy)/|w|? <= Chauvet et al. (2007)
1

= 7 L [n = I <= Mockett et al. (2015)
Aspa = Ay, Feu((VTM)) < Shur et al. (2015)
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Subgrid Length Scale (111): 2D Simple Flow
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Alsq(waﬁ) - \/ 1(172w)4+1 —= (1—2w)*+1

Non-symmetric Kinematics:

Alsq (w = O.5,B) = Axp = ﬁ_l

= E Fa — + e

Ay (w=0.5,6=5)=1/5 Ajsq(w=0.5,4=1/5)=5
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Differential Operators (D, (1))

Asia = Fka({(VTM)) turns off in 2D flow regions, but ... s it
an appropriate A feature?

_ (Cmﬁw)z(FKH(<VT/\/I>)2Dsgs(U))
= (Cwd)" D22 (@).
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Differential Operators (D, (1))

Asia = Fkua((VTM)) turns off in 2D flow regions, but ... s it
an appropriate A feature?
Vsgs = (CmASLA)2 Dsgs (D)
N
= (CnAs)” (Fkr((VTM))2 Dsgs (7))

- (c,,,Aw)2 D22 (z).

The importance of using 2D sensitive D, (1) is remarked!,

such as
o— LES,S3PQR. ..
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Results & Discussions

DNS of a Backward-Facing Step (BFS)
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Shear Layer Growth: Scheme.
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Differential Operators (D22 (7))
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Comparison of high order statistics, ums. A vs D22 ().
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Take away Message

m A, has proved to be a promising candidate for DES
applications as a GAM technique.

m The use of differential operators sensitive to 2D flows,
D§g2 () , is recommended. It improves both results and the
mesh resiliance capabilities.
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Take away Message

m A, has proved to be a promising candidate for DES
applications as a GAM technique.

m The use of differential operators sensitive to 2D flows,
D§g2 () , is recommended. It improves both results and the
mesh resiliance capabilities.

Further work

m A, has to be tested with more challenging flow
configurations and unstructured meshes.

m Computational performance analysis is desirable.
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