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BIEN 450C, Biofluid Mechanics & Transport
Referring to Section 3.4.1, Two-Dimensional Channel Flow

1. Eq. 3.4.1 comes from the Navier-Stokes equations.  Which terms were eliminated from the NS Equations to obtain Eq. 3.4.1, and why was each one eliminated?

2. Imagine that instead of a rigid channel you had a channel for which a top plate were sliding over a groove at velocity v.  What would the boundary conditions now be (instead of equations 3.4.2 and 3.4.3)?


3. (This is a hard one).  Can you show from the Navier-Stokes equations that:
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4. Explain in words what the author means when he says:
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5. (easy) Use Eq. 3.4.8 to show that if 
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 then the no-slip condition is satisfied.
6. Use Equations 3.4.11 and equation 3.4.13 to show that equations 3.4.15 are correct boundary conditions.

7. Why do both terms in 3.4.14 need to be constants?

8. What are the definitions of 
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 and 
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 in terms of exponential functions. 

9. Use the exponential functions equivalent to 
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 and 
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 to show that the first derivative of the sinh is cosh and the first derivative of cosh is sinh.

10. How are the exponential forms equivalent to sinh and cosh similar to Euler’s expression for sin and cos?

11. How do we know that the problem is symmetrical about y=0 (as stated above equation 3.4.18)?

12. (easy) Show that 
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 does not satisfy Eq. 3.4.19.
13. Does the subscript on A in Eq. 3.4.22 have the same meaning as the subscript on A in Eq. 3.4.17a?

14. Why are the solutions be summed over all 
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 in Eq. 3.4.22?

15. How does one get from Eq. 3.4.24 to Eq. 3.4.25?  For example, what happened to the sum?

16. Why was it possible to pull the term 
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 out of the integral in the denominator of Eq. 3.4.25?

17. I have a note under the integral in the denominator of Eq. 3.4.25 that says “easy.”  Why is it easy to show that this integral evaluates to 
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18. How would you evaluate the integral in the numerator of Eq. 3.4.25?

19. Combine Eq. 3.4.26 with Eq. 3.4.22 and Eq. 3.4.8 to get Eq. 3.4.27.

20. How would you calculate the flow rate from Eq. 3.4.27?  (Do not grind through the details, just state how you would find the flow rate expression).
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