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Basic equations
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Basic equations …
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LES v.s. RANS equations
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Modelling of SGS turbulence
• SGS represents only small part of turbulence energy

– Modelling not that critical
– ”resolving at least 80% of turbulence kinetic energy”

• Small scale turbulence more isotropic and in equilibrium
– Modelling more simple

• Eddy viscosity models are OK

• Filter usually related to grid
– This means that models are grid dependent by nature (!)
– Inhomogeneous grid size –> inhomogeneous filter
– Commutation errors (?)
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Smagorinsky (1963)
• Eddy viscosity model
• SGS eddy viscosity and lenght scale relations
• Assumption: SGS production = dissipation

• Subgrid viscosity:

• One model constant – Smagorinsky constant
– Standard value 0.18
– Not very universal
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Other models
• One or two-equation models

Solve for SGS turbulence energy

• Dynamic models
Evaluate Cs from coarser filtering – no model constant
Germano (1991)

• Implicit LES
SGS ~ 2 – as in a 2’nd order numerical scheme
Let the numerical scheme dissipate the SGS energy
MILES – Boris (1992)
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Applications for LES and RANS

• But, how to compute a case with both thin boundary 
layers and massive separation, e.g. a not-so-streamlined 
car?
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Hybrid LES – RANS models
LES and RANS in different regions:
• RANS where LES is to expensive

Boundary layers
Thin shear layers

• LES where RANS fails
Massive separation

• Very active research field
• Many names:

DES, PANS, VLES, DDES, IDDES, URANS, XLES, T-RANS, …
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Spalart DES
Spalart et al. 1997
”Detached Eddy Simulation”
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Spalart DES …
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Spalart DES …
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Rudimentary landing gear
• Resolved surface pressure 

(top) and
• Resolved turbulent structures 

(bottom)

• Hybrid RANS – LES model
– RANS: here a simple mixing 

length model

By Shia-Hui Peng, FOI
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More examples
Hybrid RANS-LES


