ME 639



Midterm Exam





1. (20 Points) Consider the turbulent flow of an incompressible fluid.  Estimate the order of magnitude of the following quantities in terms of u, λ, and Λ: 


[image: image1.wmf]k

i

i

2

k

j

j

2

k

j

k

i

ij

j

i

x

x

x

x

)

c

x

u

x

U

)

b

D

)

a

¶

¶

w

¢

¶

¶

¶

w

¢

¶

¶

¢

¶

¶

¶

w

¢

w

¢



[image: image2.wmf]i

j

i

j

k

j

i

2

k

j

i

2

i

k

k

u

u

)

f

x

x

u

x

x

u

)

e

x

)

d

w

¢

¢

w

¢

¢

¶

¶

¢

¶

¶

¶

¢

¶

¶

w

¢

¶

w

¢


2. (30 Points) The equations for hear and mass transfer are given as 
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Here 
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 is the diffusivity which is assumed to the same for heat and mass.  Derive the transport equations for the fluctuation temperature, T’, and fluctuation concentration C’.   Evaluate temperature-concentration correlation,
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.   Assume the fluid is incompressible.  Identify the terms corresponding to production, dissipation, diffusion and convection.  Find the order of magnitude of different terms.  

3. (25 Points) For a laminar boundary layer flow over a flat plate, obtain the variations of Us and  with x.  The governing equation are
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4.
(25 Points) For stirring a cup of coffee with a 1 cm spoon requires a power of 0.0005 Watts.  Given that the mass of the coffee is 0.05 kg and the kinematic viscosity of water (coffee) is 
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, estimate the Kolmogorov length and time scales, the turbulence fluctuation energy and time scale as well as the Taylor scale in the cup. 
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