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LES and turbulence
Characteristics of turbulence:

• Random fluctuations

• It contains eddies of many sizes (from the shear layer 
thickness δ to the Kolmogorov length scale )

• Self sustaining 

• Generated by velocity gradients

• Dissipative

• Mixing
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Turbulent wakes in wind energy
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LES and turbulence
Turbulence spectrum:

RANS LES
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LES and turbulence
Flow resolution:
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Turbulent scales:

Scale requirements in wind energy
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LES in Wind Energy
Why not use DNS:

Smallest turbulent length scale: ℓ
Largest geometrical length scale: L

Reynolds Number:  Re=L ∙U/ν , 
where 

L: Length of object
U: Typical velocity
ν: Kinematic viscosity

Estimate based on scales: 
L/ ℓ ≈ Re**(3/4)

Number of mesh points: N ≈ (L/ ℓ)**3 = Re**(9/4)

Typically Re = O(10**6) - O(10**7), thus N = O(10**15)

Computing performance is generally 10-doubled every 5 years, hence 
realible aerodynamic computations can be anticipated in about 
(15-7) x 5 = 40 years

Thus, turbulence modelling is required
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LES in wind energy
Why not (always) use RANS:

LES computation

RANS computation
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Basics of LES
Conceptual steps in LES:
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Basics of LES
DNS and resolution in LES:
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Filtering
General definition of filter:

where

Residual field:

Decomposition:

Remark that
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Features of filtering

Remark that

Filtering and differentiation w.r.t. time commute:

Filtering and taking means commute:

Differentiation w.r.t. space gives:
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Examples of filters used in LES
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Filtering in LES
Examples of 1-D filters:
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Filtering in LES
Example of 1-D filtering of velocity field:
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Filtering in LES
The filtered energy spectrum:

Autocovariance:

1-D spectrum:

Filtered spectrum:

Transfer function:
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Filtering in LES
Attenuation factors:
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Filtering in LES
Filtered energy spectrum:
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Filtering of conservation equations
Filtered continuity equation:

⇒

Filtered momentum equation:

Residual stress tensor:

Final form of filtered momentum equation:
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Residual stresses

Anisotropic residual stress tensor:

Residual kinetic energy:

Decomposition:

Leonard stresses:

Cross stresses:

SGS Reynolds stresses:
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The Smagorinsky model

Eddy-viscosity model:

Mixing length anzats:

where and

Transfer of energy to residual motions:
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The Smagorinsky constant
Behaviour in the inertial subrange:

Assume Kolmogorov spectrum:

where

Assuming a sharp spectral filter:

We get: or
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The Smagorinsky filter

Filter transfer function: 

Assume e.g. Pao’s model spectrum:

We get 

where

Smagorinsky constant:
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LES and turbulence
Flow resolution:

∆̂

Test filter
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