BME Transport HW 5


Transport in BME (BME 495 or BME 461)

IUPUI, Fall 2008

E. Morris (instructor)

Handed out Sept 18, 2008       (    Due Sept 25, 2008    

Homework #5
1. Extend the derivation from class on Sept 18 to derive the diffusion equation in for radial diffusion in spherical coordinates.

a. first draw a picture of the problem

b. write out the form of the diffusion equation in terms of flux and cross-sectional area

c. decide on how cross-sectional area changes with distance

d. simplify

2. Consider the problem of a chemical L diffusing radially across the wall of one of the blood vessels shown below:


a. In which case (A or B or both) is it correct to use diffusion equation in cylindrical coordinates for setting up this problem?
b. In which case is it valid to use the diffusion equation in rectangular coordinates?

i. Use the diffusion equation in terms of flux to justify your answer in (b).
3. The model below is for tracking the progression of a disease.

There are 3 classes of people:

S = susceptible; 
I  = infected; 
R = recovered

the total number of people is conserved:  N = S + I + R

and the following are rate constants
 = transmission;   
 = recovery;  
 = loss of recovery
Note: For a susceptible person to become infected, he/she must COME INTO CONTACT with an INFECTED person.

a. Write the mass (people) balance equations between each of  the classes.


b. Solve for the steady state of each class of people.  There should be two combinations of steady state solutions for S(ss), I(ss), R(ss).

a. one of solutions has I(ss) = 0 so the infection has been eradicated. What is the rest of this steady state solution?
b. but the other steady state solution contains S(ss) =  What is the rest of this solution (in terms of N)?

c. How can we interpret ratio, ?  It might be easier to think of it as [1/ ]/[1/  What units does this latter ratio have on top and bottom. 
4. A semitoxic chemical is ingested by an animal and enters its bloodstream at the constant rate of D [mols/time].  The chemical distributes within the body, passing from blood to tissue to bones with rate constants given below.  It is excreted in the urine and sweat rates u and s, respectively. Let x1 (blood), x2 (tissue), and x3 (bones) be the concentration of chemical in the three compartments shown below.






The mass balance for compartment x1 is as follows

dx1/dt = D – ux1 – k12x1 + k21x2
a. assuming linear exchange between three compartments, write the mass balances for x2 and x3
b. find the steady state values for x1, x2, x3.
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