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Mean rotation tensor
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The nonlinear 

relation form is 
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streamline curvature effects

the shear stress will increase 

when S2 − Ω2 > 0 and will 

decrease when S2 − Ω2 < 0.
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Ref. New Trends in Turbulence, 2000
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Comparison between RANS models
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In summary, especially for complex flows, Reynolds-stress models have 

been demonstrated to be superior to two-equation models. 
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By calculating the statistical average of the solution directly. This is called the Reynolds

Averaged Numerical Simulation (RANS), which is used mostly for engineering

calculations. The exact solution u splits into the sum of its statistical average <u> and a

fluctuation u’ (see Appendix A):

This splitting, or “decomposition”, is illustrated below. The fluctuation u’ is not

represented directly by the numerical simulation, and is included only by way of a

turbulence model.
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By calculating directly only certain low-frequency modes in time (of the order of

a few hundred hertz) and the average field. This approach goes by a number of

names: Unsteady Reynolds Averaged Numerical Simulaton (URANS), Semi-

Deterministic Simulation (SDS), Very Large-Eddy Simulation (VLES), and sometimes

Coherent Structure Capturing (CSC). The field u appears here as the sum of three

contributing terms  :

The first term is the time average of the exact solution, the second its conditional 

statistical average, and the third the turbulent fluctuation.
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By calculating only the low-frequency modes in space directly. This is what is

done in Large-Eddy Simulation (LES). It is this approach that is discussed in

the following.

Decomposition of the energy spectrum in the solution associated with large eddy 

simulation (symbolic representation).
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Pressure spectrum inside a cavity. (a) experimental

data (ideal direct numerical simulation) (courtesy

of L. Jacquin, ONERA); (b): large-eddy

simulation(Courtesy of L. Larchevˆeque,

ONERA); (c): unsteady RANS simulation 

(Courtesy of V. Gleize, ONERA). (c)

(a)

(b)
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In LES we filter (volume average) the 

equations. In 1D we get:

Since in LES we do not average in time, the filtered variables are functions of space 

and time.
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In order to be able to manipulate the Navier–Stokes equations after applying a filter, we 

require that the filter verify the three following properties:
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In the spectral space,
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In the spectral space,
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In the spectral space,
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Energy spectrum of the unfiltered and filtered solutions. Filters considered are a

projective filter (sharp cutoff filter) and a smooth filter (Gaussian filter) withthe same

cutoff wave number kc = 500.


