MES 601 Fundamentals of Materials Engineering

Test 3 – due Friday December 11, 2009 – Late as of December 18, 2009
Do 3 of the 4 question

Transport Phenomena

1. 	Develop expressions for the flow of fluid through vertical parallel plates and for plates at an angle  to vertical?  These expressions should include the shell, the shell balance, the shear stress and velocity distributions.  Please state all assumptions clearly.

2. 	Doctors are studying the different flow rates throughout the human vasculature system.  After years of eating fries and hamburgers, four out of ten Americans are obese, and most Americans have a decreased vessel diameter due to fat buildup, increasing the risk of heart attack and stroke.

(a) Assume that the growth of fatty deposits on the inside of blood vessels will be
limited by the shear stress imposed on the deposit by the flow of blood through the vessel; that is, assume that the growth of fatty deposits on the inside wall of a blood vessel decreases with increasing shear stress τrz. As the deposits grow and the tube narrows, will the growth of fatty deposits slow down over time, or accelerate?  

(b In one such person, fat has built up on the interior vessel wall over a period of
years, restricting blood flow and endangering the person’s life. If there is a 0.75 mm layer of fat on the carotid arterial wall resulting in a decreased vessel radius Rf, what is the new average velocity which gives the same flow rate Q as the unobstructed  artery?

(c) What is the blood pressure necessary to achieve the same flow rate as the fully open artery? Use the new average blood velocity from part b.


3. 	A liquid film at temperature Tf flows down a vertical wall at higher temperature Ts.  Consider heat transfer from the wall to the liquid for such contact times that the liquid temperature changes only in the immediate vicinity of the wall.  Develop expressions for the flow and temperature of the liquid. Please state all assumptions and boundary conditions used to develop these equations.

4.	It has been proposed that some MEMS (Micro Electro-Mechanical Systems) device parts for high temperature applications could be made out of magnesium oxide by water etching, due to the slight solubility of magnesium oxide in water. The etching reaction is:

MgO + H2O → Mg2+ + 2OH−

A magnesium oxide plate 5 cm (0.05 m) long partially covered by a polymer etching mask is placed in a water tank near an impeller which generates a free stream water velocity of 1 m/s past the plate.
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Data:
• Mg2+ diffusivity in water: D = 10−5 cm2/s (= 10−9 m2/s ).
• Mg2+ solubility in this particular solution: Cs = 10−2 mol/cm3.

(a) Sketch the shapes of the velocity and diffusion boundary layers above the plate on one sketch, clearly indicating which of the two boundary layers will be larger.

(b) If the magnesium oxide dissolution is limited by mass transfer of Mg2+ ions away from the interface, will the dissolution rate be uniform across the plate? If not, indicate on your sketch from part 1a where on the plate you expect to see the highest and lowest dissolution rates.
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