MES 601 Fundamentals of Materials Engineering
Optional Final

1.
The semipermeability of a cell membrane enables it to maintain the homeostatic environment needed for the cell’s normal metabolic processes. When a bacterium is exposed to an electric field, transient pores develop in its cell membrane. Beyond some critical electric field strength and exposure time, these pores become significant enough to impede the membrane’s ability to

maintain homeostasis, and effectively inactivate the bacterium.  In a certain disinfection system, bacteria-containing water is pumped between two titanium plates.

Each plate has a width, W = 5 cm and a length, L as shown in the diagram. The two plates are connected to a power source and are separated by H = 50 μm.
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(a) Suppose the two plates were oriented horizontally, one on top of the other. Fluid under pressure is pushed from the left to the right side between the two plates. Write an expression for the momentum generation per unit volume due to pressure. What would the generation term be if the two plates were oriented vertically, with the fluid flowing down between them? In which of these designs does gravity play a role?

(b) Assume the two plates are oriented vertically. At steady-state (∂ux/∂t = 0), write a general expression for the fluid velocity (ux) between the two plates. Suppose the fluid pressure on the left side is P1, and the fluid pressure on the right side is P2.

(c) The coordinate axis is oriented such that the origin is located on the left side midway between the plates (see the diagram below). Solve for the particular fluid velocity, assuming the following boundary conditions:

ux(y = H/2) = 0

ux(y = -H/2) = 0
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(d) What is the total flow rate, Q?
(e) What is the average velocity, uav, and the Reynolds number?
2.
Describe from surface chemical principles why it is possible to make sandcastles from partially wet sand, but not from dry or very wet sand.

3.
Describe how the temperature would effect the solubility of a solid compound such as calcium oxalate in Test 3, and also how temperature will effect Eh-pH diagram lines, such as those of the aluminum water system in Test 3.
4.
How would the shrinking core model for heterogeneous reaction change if the particle were ellipsoidal rather than spherical?
