
 
 
 

 
 
 
 
 
 
 
 

 
 

 

Eulerian conservation principles DM + DP
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Turbulent fluid motion

“turbulent fluid motion is an irregular condition of flow in which the 
various measures show a random variation in time and space such that 
statistically distinct average values can be discerned,” (Hinze, 1975) 

⇒ turbulence is a continuum phenomena  
 develops as an instability of laminar flow 
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General properties of turbulence

• length scales range from domain size (L) to small (η) 
 
• generates appearance of an “eddying” motion 

 
• large scale (L) motion carries most of the energy 

     responsible for enhanced diffusion processes 
 

• smallest scale (η) motion >> molecular mean free path
     most vorticity resides in η scale motion 
 

• turbulence energy cascades from L ⇒ η scales 
     turbulent flows are always dissipative 
 

• turbulent flow state depends on upstream flow history 
     local strain-rate tensor description not unique 
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Kolmogorov scales in turbulent flow
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The energy spectrum of turbulent flows 
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Dimensional analysis leads to the following observations / correlations
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Perturbation theory removes arbitrariness of dimensional analysis
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Turbulent boundary layer near wall data exhibits self-similar log profile

Dimensional analysis provides insight
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Turbulent BL data confirm three distinct “flow physics” regions

Law-of-the-wall intercept depends on wall roughness
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Boundary layer defect layer lies between log layer and BL edge (δ)

Power law approximation
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Velocity field resolved into mean and fluctuating components
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Convection term in DP leads to Reynolds stress tensor

Closure requirement is to correlate fluctuating averages to state variable
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