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     Statistical description

• Turbulent flows are (by definition)
–Highly complex
–Unsteady
–Chaotic

• --> a deterministic description/analysis is not 
relevant

• --> a statistical representation is required
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Deterministic chaos
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Probability density function

• Prop: Let P be the pdf of a, then

with
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Correlation function

• Def: the correlation function of a1(X1) and a2

(X2) is defined as
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Ensemble average
• Def: Let ϕ be a random variable. Its ensemble 

averaged value is defined as

Where ϕi denotes independent realizations
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Second order moments

Variance

2-points 2-times correlation
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Usual 2nd-order moments

2-points velocity correlation tensor

2-points passive scalar correlation tensor
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Some important families

• Def: a random process is referred to as 
–Statistically steady if moments do not depend on time
–Statistically homogeneous if moments are invariant by  a shift 

in space
• Def: a random process is referred to as isotropic if

–It is statistically homogeneous
–Moments are invariant by rotation and mirror symmetry in 

space
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Isotropic case

• In the isotropic case, one obtains

• In the steady isotropic case, the problem is 
further reduced as
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