
Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

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

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡

and A. Oliva ∗

∗Heat & Mass Transfer Technological Center, UPC, Spain
†Keldysh Institute of Applied Mathematics, Moscow, Russia
‡School of MACE, University of Manchester, UK.

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 1/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Index

1 Introduction

2 Grey Mitigation Strategies (GAM)

3 Results & Discussions

4 Conclusions

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 2/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Turbulence models

Industrial Application

Computational Cost    

Degree of Modelling

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 3/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Pressure Gradient Magnitude, 2D Snapshot.

DNS

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 4/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Pressure Gradient Magnitude, 2D Snapshot.

RANS-SA

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 4/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Pressure Gradient Magnitude, 2D Snapshot.

DDES-SA

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 4/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Detached Eddy Simulation (DES, Spalart 1997)

D
Dt (ρν̃) = 1

σνt
(∇ · (ρ (ν + ν̃)∇ν̃) + Cb2ρ|∇ν̃|) . . .

+ Cb1ρS̃ ν̃ (1− ft2)︸ ︷︷ ︸
ProductionTerm

−
(

Cω1fω −
Cb1
κ2

ft2
)
ρ

(
ν̃

d̃

)2

︸ ︷︷ ︸
DestructionTerm

d̃ in “Destruction Term”:

d̃ = min (d ,CDES∆)

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 5/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Detached Eddy Simulation (DES, Spalart 1997)

D
Dt (ρν̃) = 1

σνt
(∇ · (ρ (ν + ν̃)∇ν̃) + Cb2ρ|∇ν̃|) . . .

+ Cb1ρS̃ ν̃ (1− ft2)︸ ︷︷ ︸
ProductionTerm

−
(

Cω1fω −
Cb1
κ2

ft2
)
ρ

(
ν̃

d̃

)2

︸ ︷︷ ︸
DestructionTerm

d̃ in “Destruction Term”:

d̃ = min (d ,CDES∆)

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 5/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Delayed - DES (DDES, Spalart 2006)

D
Dt (ρν̃) = 1

σνt
(∇ · (ρ (ν + ν̃)∇ν̃) + Cb2ρ|∇ν̃|) . . .

+ Cb1ρS̃ ν̃ (1− ft2)︸ ︷︷ ︸
ProductionTerm

−
(

Cω1fω −
Cb1
κ2

ft2
)
ρ

(
ν̃

d̃

)2

︸ ︷︷ ︸
DestructionTerm

d̃ in “Destruction Term”:

d̃ = d − fd max (0, d −ΨCDES∆),

d̃ in “Destruction Term”: where fd is the “shielding function”
:

fd = 1− tanh
(

[8rd ]3
)
, rd = min

(
νt + ν

|∇u|κ2d2 , 10
)

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 6/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Delayed - DES (DDES, Spalart 2006)

D
Dt (ρν̃) = 1

σνt
(∇ · (ρ (ν + ν̃)∇ν̃) + Cb2ρ|∇ν̃|) . . .

+ Cb1ρS̃ ν̃ (1− ft2)︸ ︷︷ ︸
ProductionTerm

−
(

Cω1fω −
Cb1
κ2

ft2
)
ρ

(
ν̃

d̃

)2

︸ ︷︷ ︸
DestructionTerm

d̃ in “Destruction Term”:

d̃ = d − fd max (0, d −ΨCDES∆),

d̃ in “Destruction Term”: where fd is the “shielding function”
:

fd = 1− tanh
(

[8rd ]3
)
, rd = min

(
νt + ν

|∇u|κ2d2 , 10
)

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 6/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

Delayed - DES (DDES, Spalart 2006)

D
Dt (ρν̃) = 1

σνt
(∇ · (ρ (ν + ν̃)∇ν̃) + Cb2ρ|∇ν̃|) . . .

+ Cb1ρS̃ ν̃ (1− ft2)︸ ︷︷ ︸
ProductionTerm

−
(

Cω1fω −
Cb1
κ2

ft2
)
ρ

(
ν̃

d̃

)2

︸ ︷︷ ︸
DestructionTerm

d̃ in “Destruction Term”:

d̃ = d − fd max (0, d −ΨCDES∆),

d̃ in “Destruction Term”: where fd is the “shielding function”
:

fd = 1− tanh
(

[8rd ]3
)
, rd = min

(
νt + ν

|∇u|κ2d2 , 10
)

A. Pont-Vílchez ∗ , D. Santos ∗ , F.X. Trias ∗ , A. Duben † A. Revell ‡ and A. Oliva ∗ 6/32
EUCASS2019 , Madrid. July 1st - 4th , 2019



Introduction Grey Mitigation Strategies (GAM) Results & Discussions Conclusions

DDES ⇒ LES, Production and Destruction balance

�
�
�
��>

0
D
Dt (ρν̃) = 1

σνt
��
���

���
���

���
��:0

(∇ · (ρ (ν + ν̃)∇ν̃) + Cb2ρ|∇ν̃|) . . .

+ Cb1ρS̃ ν̃
(
1−��>

0
ft2

)
︸ ︷︷ ︸

ProductionTerm

−
(

Cω1fω −
Cb1
κ2
��>

0
ft2

)
ρ

(
ν̃

d̃

)2

︸ ︷︷ ︸
DestructionTerm

balance between production and destruction term,

Cb1ρS̃ ν̃ = Cω1fωρ
(
ν̃

d̃

)2

where,

νt = Cb1fv1
Cω1fω

d̃2S̃ ∼︸︷︷︸
...LESregion...

ASA︷ ︸︸ ︷
Cb1fv1S̃
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νsgs = (Cm∆)2 Dsgs (ū) ∼ ASA (CDES∆)2 Dsgs (ū)
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Decreasing. . .

Subgrid Length Scale (∆) ⇒ ∆max , ∆̃ω,∆SLA . . .∆lsq

Differential Operator (Dsgs (ū)) ⇒ σ − LES, S3PQR? . . .
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Subgrid Length Scale (I): State of the art

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

∆∀ = (∆x∆y∆z)1/3 ⇐= Deardorff (1970)

In the context of DES:

∆max = max(∆x ,∆y ,∆z) ⇐= Sparlart et al. (1997)

Recent flow-dependant definitions

∆ω =
√

(ω2
x∆y∆z + ω2

y∆x∆z + ω2
z∆x∆y)/|ω|2⇐= Chauvet et al. (2007)

∆̃ω = 1√
3

max
n,m=1,...,8

|ln − lm| ⇐= Mockett et al. (2015)

∆SLA = ∆̃ωFKH(〈VTM〉) ⇐= Shur et al. (2015)
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Subgrid Length Scale (II): New approach

Can we find a simple and robust definition of ∆ that minimizes
the effect of mesh anisotropies on the performance of
subgrid-scale models?
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Subgrid Length Scale (III): 2D Simple Flow
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Subgrid Length Scale (III): 2D Simple Flow
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Differential Operators (Dsgs (ū))

∆SLA = FKH(〈VTM〉) turns off in 2D flow regions, but . . . is it
an appropriate ∆ feature?

νsgs = (Cm∆SLA)2 Dsgs (ū)

=
(
Cm∆̃ω

)2
(FKH(〈VTM〉)2Dsgs (ū))

=
(
Cm∆̃ω

)2
D2D
sgs (ū) .

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

such as
σ − LES,S3PQR . . .

.
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=
(
Cm∆̃ω

)2
D2D
sgs (ū) .
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=
(
Cm∆̃ω

)2
(FKH(〈VTM〉)2Dsgs (ū))
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Applicability

Square cylinder

Wall-mounted Hump

Airfoil FX 77-W2-500

BFS (present DNS)
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Studied Cases

DNS video

Code:
- STG1 (In-house code)
Mesh:
- Structured Non-Uniform
- ∼ 165M grid points
- Lx3 = 2πh
Spatial Integration:
- 4th-order Symm-Pres
Time Integration:
- Explicit Adams-Bashforth
- ∼ 1.57e − 4 ∆th/uτ

Inflow:
- Unsteady

DDES-SA
Code:
- OpenFOAM
Mesh:
- Structured Body-Fitted
- ∼ 0.7M grid points
- Lx3 = 2h
Spatial Integration:
- Hybrid Scheme (UDS-CDS)
Time Integration:
- Implicit 2nd -order
- ∼ 5.76e − 4 ∆th/uτ

Inflow:
- Steady
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three-dimensional turbulent natural convection flows in a differentially heated cavity of aspect ratio 4. Journal of
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High order statistics, urms
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High order statistics, urms
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Shear Layer Growth: Scheme.
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Shear Layer Growth, ∆δ1.
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Shear Layer Growth, ∆δ2.

∆δ2 = ∆U1/(∂ 〈u1〉 /∂x2)max
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Differential Operators (D2D
sgs (ū))
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Comparison of high order statistics, urms . ∆ vs D2D
sgs (ū).

∆, Smagorinsky Model:
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Shear Layer Growth: Scheme.
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Shear Layer Growth, ∆δ2.

∆δ2 = ∆U1/(∂ 〈u1〉 /∂x2)max
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Conclusions

Take away Message

∆lsq has proved to be a promising candidate for DES
applications as a GAM technique.

The use of differential operators sensitive to 2D flows,
D2D
sgs (ū) , is recommended. It improves both results and the

mesh resiliance capabilities.

Further work

∆lsq has to be tested with more challenging flow
configurations and unstructured meshes.

Computational performance analysis is desirable.

The D2D
sgs (ū) performance with different ∆ needs to be

studied.
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Thank you for your attention.
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