
Chapter 2 Describing Turbulence: Averages, Correlations and 
Spectra
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Recall viscous diffusion layers: 
 
Viscous layers: 
 
 Sudden acceleration flat plate: t yyu uν=  
        3.64 tδ ν=  
 
 Layer grows in time due viscous diffusion 
 
 Oscillating flat plate: yyt uu υ=  
      6.5 /δ ν ω=  
 
 Layer confined constant thickness 
 

Stagnation point flow: 2.4 / Bδ ν=  layer not a function 
of x since convection balances diffusion 

 
 Flat plate boundary layer:  
 
    4.9 /x Uδ ν=  
 
 Layer grows with x due convection 
 
Ekman Layer on Free Surface: effects due to wind shear 
τ(x) 
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Coriolis force = 2 VΩ× = 
^^^

cos2 kujfuifv θΩ−+− θsin2Ω=f
= planetary vorticity = 2*vertical component Ω 

ZZfv uν− = ZZfu vν=  

τµ =zu   at z = 0 
^ ^

.002 ( (0))air windi v u iτ τ ρ= = −  

0=zv   at z = 0 

0),( =vu   at z =-∞ 

 
The Ekman layer thickness is constant in time and space 
since vortex diffusion balances the Coriolis force. 
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Homogeneous turbulence: the time-averaged properties of the flow are uniform and independent of position. 
For example, whereas u2, v2, w2 may differ from each other, each must be constant throughout the system.

Isotropic turbulence: Turbulence in which the products and squares of the velocity components and their 
derivatives are independent of direction, or, more precisely, invariant with respect to rotation and reflection of 
the coordinate axes in a coordinate system moving with the mean motion of the fluid. Then all the normal 
stresses are equal, and the tangential stresses are zero.

u2=¿ v2=¿ w2,  uv=uw=vw=0

Isotropy implies homogeneity, but not vice versa.
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2 point
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