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Leonard expresses the non-linear term in the form of a triple summation:
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represents the interactions between large and 

small scales

reflects the interactions between subgrid scales

The new L term, called Leonard tensor, 

represents interactions among the large 

scales
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0u ≠′
This is true for box filters. Note that for the spectral cut-off filter

However, in finite volume methods, box filters are always used.

Differences between time-averaging (RANS) and space filtering (LES)

uu ′′=′
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The limit (cut-off) between GS and

SGS is supposed to take place in the

inertial subrange (II),
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The simplest model is the Smagorinsky model (Smagorinsky,1963):
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باشد  در صورتي كه نرخ توليد انرژي و اتلاف آن با هم برابر
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is due to that the turbulence is homogeneous

The general two-point correlation Qi,j of ui and uj can be expressed by the energy spectrum 

tensor as:

Integrating over a spherical shell 

yields:
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This determines the kinetic-energy spectrum, density of kinetic energy at wavenumber 

k, and such that

Introduce the filtering function Ĝ for the cut-off filter:
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For more detail see Ref. [8]

(Spectral Eddy Viscosity)توسط متايس و لزيربر اساس مدل  1992در سال 
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 توسط ديويد 1993در سال SSF( Selective Structure Function(مدل 

ه ايده اصلي در اين روش بر اساس حذف اثر لزجت متلاطم در قسمتي از جريان كه به اندازه كافي س

  مي باشد استوار استنبعدي 
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 آكرمن و متايس 2001در سال 
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After second filter
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If we use the Smagorinsky model we get
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assuming that C varies slowly

Note that the ‘constant’ C really is a 

function of both space and time, i.e. 

C = C(xi, t).

This equation
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It turns out the the dynamic coefcient C fluctuates wildly both in space and time. This 

causes numerical problems,and it has been found necessary to average C in 

homogeneous direction(s). Furthermore, C must be clipped to ensure that the total 

viscosity stays positive
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Slide 24
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easy to show that the Navier-Stokes (both with and without filter) is Galilean 

invariant (Speziale,1985; Panton, 1984). 
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Note that in order to make the Bardina 

model Galilean invariant the Leonard 

stress must be computed explicitly.
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we verify that the modied Leonard stress is Galilean invariant.
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The C in the production term Pksgs is computed dynamically

To ensure numerical stability, a constant value (in space) of C (Chom) is used

in the diffusion term and in the momentum equations. Chom is computed by

requiring that Chom should yield the same total production of ksgs as C, i.e.
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Recently a new dynamic scale-similarity model was presented by Krajnovi´c & Davidson 

(2002b). In this model a dynamic one-equation SGS model is solved, and the 

scalesimilarity part is estimated.


