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The University of Texas-Pan American

Department of Mechanical Engineering

MECE 6373 Viscous Flow II – Spring 2008
Final Exam [80 Points]

Take Home Part
Thursday 5/1/2008                                                                                                               Dr. Tarawneh
Problem 1:  Solve problem 6-22 from your textbook.  For 
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(a) Determine a value for 
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(b) Plot u(y)/U (horizontal axis) versus y/h (vertical axis) for 0 < y/h < 2.
(c) Give values for (u/U) at (y/h) = 0.1, 0.2, 1.0, 1.8, and 1.9.

Hint:  Assume the plates are separated by a distance of 2h with the y-coordinate origin at the lower (fixed) plate.  Use symmetry and note that the centerline velocity must be one-half the value of the upper (moving) plate velocity.
Problem 2:  Consider the flow of a fluid over a curved, smooth surface. There is negligible freestream turbulence.  The freestream velocity is given by
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Assume a laminar leading edge with (δ/L) = 0.0 at (x/L) = 0.0 and use the transition criteria of Cebbi and Smith, given in Eq. (5-41), to determine the laminar to turbulent transition point.  Determine δ*(x)/L and Cf (x) using integral methods and plot δ*(x)/L and Cf (x) vs. (x/L) over the range 0 < (x/L) < 1.0.  To aid me in grading, please provide the numerical value of (x/L)tr and the end-of-plate (x = L) values for δ*(x)/L and Cf (x).
Hints:  Use Thwaites method for the laminar part and KRMNTBL.F for the turbulent part.  When using KRMNTBL.F, modify the program to start at M = Mtr with θturb = θlam where Mtr = MMX*(x/L)tr, and (x/L)tr and θlam are the values predicted using Thwaites method.  
Problem 3:  Repeat Problem 2 using the finite difference program GENBL.F.  Compare your results and discuss in detail. 

Hints:  Modify GENBL.F with a statement that sets MTURB = 0 when the transition criterion is met (laminar to turbulent transition).  Also, you might need to increase the upper limit of the variables from 1501 to some higher value so that you can use a larger value of NMX to obtain good accuracy. 
Thursday 5/1/2009                                                                                                             Dr. Tarawneh

	


Problem 4:  Use the GENBL.F program to explore the effects of suction and injection on the turbulent boundary layer.  Assume that a turbulent velocity profile with a thickness of δ/L = 0.010 is incident on a porous flat plate.  Use a one-seventh power law velocity profile to approximate the incident velocity profile. 
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 and the boundary layer is assumed to remain turbulent over the entire length of the plate (MTURB = -1).

(a) Determine δ/L and Cf at the end of the plate (x = L) for a range of surface velocities (vw/Uo) extending from -0.005 to +0.005 in steps of 0.0005.  Plot your results (δ/L and Cf vs. vw/Uo).

(b) Plot the velocity profile (both y/L vs. u/Uo and u+ vs. y+) for the vw/Uo = +0.005 case and compare with the ordinary (i.e., nonporous plate) log-law prediction.

(c) Approximately determine the amount of suction necessary to maintain a constant boundary layer thickness.
Instructions:
· The exam is due by 5:00 pm on Wednesday 5/7/2008.

· Do Your Own Work! Any evidence of plagiarism will result in loss of credit for the class.
· If a small computer program is required to solve any part of a problem, then develop your own program using any computer software you feel comfortable with, but please provide a copy of everything you used to get your results.
· Plots should be unique, very clear, organized, and easy to read.  Computer software should be used to generate your final plots. 
· Solutions to the problems should be detailed, very clear, and easy to follow.  Clearly mark and highlight your final results.
· The basic FORTRAN programs, needed for this course, are available in my website: http://www.engr.panam.edu/~tarawneh.  You will need to modify the programs to fit your needs. Please highlight all the changes you made to the programs.
	


Honor Code:

I pledge my honor that during this examination I have not violated the UTPA Student Conduct Code on scholastic dishonesty as detailed in section 5.5.2 of the Handbook of Operating Procedures.

Name: ________________________________________________               Date: _________________
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