MES 601 Fundamentals of Materials Engineering
Test 1 – due Monday November 17, 2008
Do 3 of the 4 problems.  You can do the 4th problem for 10 points extra credit

1.  Water vapor adsorbs and diffuses into an exposed liquid adhesive monomer, such as cyanoacrylate, up to its solubility, possibly initiating polymerization.  A 7 mm thick sheet of high-viscosity adhesive flows down an inclined plane at a 38 degree angle.  There is a 4 cm section exposed to the atmosphere

Adhesive data:  =1060 kg/m3; =1.05 kg/(m*s)

Water data: diffusivity in liquid adhesive, D=3x10-9 m2/s

a) How long does it take for fluid on the top (ie exposed) surface) to flow down the exposed length of the film?  Is this flow laminar?  (assume the dissolved water does not alter the adhesive properties). 

b) Estimate the distance to which the water has diffused during the time calculated in part a.

c) Write an equation for the concentration of dissolved water in the film versus location.

2.  A spherical macromolecular drug delivery device, 1 mm in diameter, is implanted into the middle of a large muscle.  The drug in the device slowly diffuses into the surrounding tissue.  Assuming the device releases the drug at a constant rate for a sufficient time that the diffusion reaches a quasi-steady state, the muscle is much larger than the device and that the diffusion of the drug is isotropic with average diffusivity, D, give
a) the correct balance equation for the system along with the boundary conditions necessary for solving the balance equation.
b) write the correct equation for the flux, j at the device surface and a second equation for the mass transfer coefficient.

c) Real muscle tissue is fibrous with faster diffusion along the length of the cells than across the cells.  How would this effect the balance equation in part a?

3. An air gap 2 mm (0.002 m) thick separates the two glass panes of a 10 cm high window for observing a high-temperature process. The temperatures on the insides of the panes are 275 K and 375 K (use  halfway between the two temperatures).

(a) Sketch a cross section of the hot and cold window panes and air gap (the aspect ratio need not be correct).  Pictorially describe the flow due to natural convection in the air gap between the plates, indicating the direction of flow.

(b) Assuming “fully-developed flow” (flow only in the vertical direction, zero velocity derivative in that direction), set up the momentum equation which will describe vertical velocity between the plates, cancelling all terms which will equal zero. You may use the Boussinesq approximation with the average density to simplify the pressure and force terms.

(c) Assuming the temperature in the air varies linearly across the air gap, solve your differential equation from part 1b, and fit the solution to the no-slip boundary conditions at the two plates.  (Hint: you might want to put the origin halfway between the plates.)

(d) Calculate the maximum air velocity between the plates. 
4. 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?  Answer this question assuming: (i) constant pressure and (ii) constant flow rate.

(b) The diameter of the carotid artery, the blood vessel that supplies blood to the brain, is 7 mm, and the average velocity and density of blood is 0.4 m/s and 1060 kg/m3 respectively. Across the blood vessel length of 1m and with a blood viscosity of 0.0027 Pa·s, calculate: (i) the Reynolds number of blood through this healthy vessel; (ii) the friction factor; (iii) the pressure difference across the vessel.

(c) 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 in part b?

(d) 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 c.










