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The University of Texas-Pan American

Department of Mechanical Engineering

MECE 6373 Viscous Flow II – Spring 2008
Mid-Term Exam
Take Home Part [75 Points]
Thursday 4/3/2008                                                                                                               Dr. Tarawneh
Problem 1:   Consider the spatial stability analysis of a steady, uniform, one-dimensional, compressible, ideal gas.  Neglect viscous effects, but include heat conduction effects.  Assume constant cp , cv , R, and k.  Also assume uo = 0.  Determine αi (express as a function of ω, γ, ao, and αth only) and assess the stability.  Note:  R = cp - cv , γ = cp / cv , αth = k / ρo cp , and ao2 = γ po / ρo .  The four basic equations for the four variables (u, p, T, and ρ) are as follows
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Hint:  a) linearize equations, b) assume traveling-wave solutions of the form,[image: image5.wmf])]
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, c) eliminate one of the four variables to create a set of three simultaneous, homogeneous, linear, algebraic equations for three unknowns, d) set the determinate of the coefficient matrix equal to zero and solve for αr , and then e) substitute and solve for αi (assume αi <<  αr ).
Problem 2:   Consider the two-dimensional flow of an incompressible fluid over a streamlined surface. The freestream velocity is determined to be
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For a Reynolds number of 
[image: image7.wmf]6

0

10

0

.

2

Re

´

=

=

n

L

U

L

, use Thwaites method to calculate the following:
1. The separation point assuming entirely laminar flow, (x/L)lam sep .

2. The location of the onset of laminar instability, (x/L)cr .  (Use the correlation of Wazzan)

3. The location for transition to full turbulence, (x/L)tr , assuming a 0% freestream turbulence level. (Use the correlation of Wazzan)

4. The location for transition to full turbulence, (x/L)tr , assuming a 0.5% freestream turbulence level.  (Use the correlation of Dunham)
Thursday 4/3/2008                                                                                                             Dr. Tarawneh

	


Problem 3:   Use the numerical laminar boundary layer program (LAMBL) to investigate the effects of suction and blowing on (x/L)cr and (x/L)tr .  Assume a flow direction dependent freestream velocity of 
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and a characteristic Reynolds number of 
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.
Use the correlation of Wazzan to determine (x/L)cr and (x/L)tr for a range of wall velocities (vw/U0) from -0.001 to +0.001 in steps of 0.0002.  In a table, provide values for (vw/U0), (x/L)cr , and either (x/L)tr or (x/L)lam sep (whichever comes first).  Also plot (x/L)cr and (x/L)tr versus (vw/U0).  (Hint: Be sure to stop your computer program whenever laminar separation or turbulent transition is reached).  In addition, in order to assist me in determining the correctness of your calculations, determine the values of δ*, θ, and H for the specific case of vw/U0 = -0.0002 at the specific location of (x/L) = 0.20.
	


Instructions:
· The exam is due by 5:00 pm on Friday 4/11/2008.

· 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: _________________
Signature: _____________________________________________________
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