BME Transport HW 8


Transport in BME (BME 495 or BME 461)

IUPUI, Fall 2008

E. Morris (instructor)

Handed out Oct 30, 2008       (    Due Nov. 6, 2008    

Homework #8  Systems involving Diffusion, Convection and Reaction 
(1). Consider the following equations in one dimension:
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(A)

Let the solution to equation (A) be F(t,z)

Now consider 
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(B)

whose solution is G(x, t).

Note: that the solution to B, G(x, t), has the same form as F(z, t) provided that 

z = x- vt

a.  Show that this is true.

(2) Einstein might have said that z and x represent different reference frames.

Jack sits on the river bank watching the river flow by with velocity, v.

Jill sits in a boat floating on the river.

A Chinese oil tanker springs a leak and starts to spill crude oil into the river.  Which equation, above, characterizes the spread of oil in the river 

a.  from Jack’s perspective?

b.  from Jill’s perspective?

Briefly explain.

    (3)  Consider a drug patch on the skin.
Lets consider in sequence, first the strictly convective, and then the convective-reactive problems. 

The convective transport problem is governed by the following equation: 
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Where V is the bulk flow rate of fluid containing drug through the tissue due to the pressure difference caused by the hyperbaric chamber.    
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A. Set up the boundary condition(s) and initial condition if drug is maintained at concentration C0 in the patch.  

B. Please use Laplace transforms to solve the problem. 

(You should be able to find the necessary inverse transform in the table that I handed out from Abramowitz and Stegun. )

C. Try sketching your solution.

    (4)   Now consider the case where drug is transported through skin by convection but is also degraded by the drug-eating enzyme (which, for our purposes is non-saturable). 

If the governing equation is 
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A. Set up this problem: initial condition, boundary condition(s).

B. Then solve this problem by Laplace transforms. 

hint: this is related to problem #3 but you will need to use the “translation” property of Laplace transforms:

function in time domain


transformed function in Laplace domain






F(t-b)u(t-b)                             (  (                 e-bsf(s)

where u(t-b) is the unit step function which steps up at t = b

C. Please sketch your solution.
   (5)  Now explain in one sentence what the effect of having a degradation process in the system is on the effective drift velocity.
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