ME 639




HW # 2

1) (Problem 1.3, Tennekes and Lumley) Large eddies in turbulent flows have a length scale  
[image: image1.wmf]l

 and a time scale 
[image: image2.wmf].
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  The smallest eddies have a length scale of 
[image: image3.wmf]h

, a velocity scale of  (, and time scale 
[image: image4.wmf]t

.  Estimate the characteristic velocity ((r) and characteristic time t(r) of eddies of size r, where r is in the range of 
[image: image5.wmf].
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  (Note that in this range ((r) and t(r) are determined by 
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 and r.)  Show that your results agrees with the know results at 
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.  Find an express for the energy spectrum of turbulence, 
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2) (Problem 2.3, Tennekes and Lumley) A certain amount of hot fluid is released in a turbulent flow with characteristic scales of u and 
[image: image10.wmf]l

.  Neglect the density variation and estimate the rate of spreading of the patch of hot fluid and the rate the rate that the maximum temperature difference decreases.  Assume that the size of the patch is smaller than 
[image: image11.wmf]l

 and larger than 
[image: image12.wmf]h

.  Use eddy diffusivity and results of problem 1.

3) (Problem 3.1, Tennekes and Lumley)  Estimate the characteristic velocity of eddies whose size is equal to the Taylor microscale 
[image: image13.wmf]l

.  (See problem 1)  Show that eddies of this size dissipates little energy.

4) Derive the energy equation for the Burger model 
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 Assume 
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.  Discuss the meaning of the terms in the energy equation.

5) Consider a turbulent flow between two parallel plates.  Derive the expression for the velocity in the viscous sublayer and in the log region.  Assume the two solution should match at 
[image: image16.wmf].
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   Assuming that the log profile is valid up to the channel centerline, find the expression for the friction coefficient
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