[bookmark: _GoBack]Answer Sheet of Assignment 7
1) Oxygen is to be supplied to a bioreactor. The fermentation broth in the reactor is at atmospheric pressure and a temperature of 30°C. Due to the type of fermentation broth, oxygen cannot be fed directly to the reactor in a gaseous form as undesirable foaming will occur. You decide to use gas permeable capillaries to supply oxygen to the reactor. You select silicone as a material.  The diffusion coefficient of oxygen in silicone is 17 x 10-6 cm2/sec.
You decide on a cylindrical hollow fiber having an outside diameter of 400 micron (OD) and a skin thickness of 100 microns. You wish to use air as a source of oxygen. You assume nitrogen in air will not affect the diffusion of oxygen through the material. The fibers are submerged in the reactor and fresh air is passed under pressure (2 atm gauge) through the fibers. The oxygen is to be saturated at the wetted (outside) capillary surface. The saturation concentration is 6.5 mg O2/L. The solubility of O2 gas in the silicone at the inside of the fiber at 30 °C is 0.31 cc(STP) / cc / atm of O2 gas. The oxygen requirement of the reactor is 2.4 g O2 per litre of broth per hour. 
 
a) How many 30 cm long capillaries will be required to perform this task per litre of fermentation broth? 
b) How many fibers would be needed if you used pure oxygen?

Solution: 


r








	

          R1
          R2
Eq. 10-8 is the starting point for this case. 


                       Steady              only r            No chemical
                       State              direction flux       reaction

Then,  



Hence, r NAr =const. =C1
NAr=

Then, use the modified Eq. 10-6,


+ XA (NA + NB)
For membranes, XA ≈ 0 (Very small concentration of comp. A), Bulk flow negligible for members.
 


 
Integrate, 

B.C. 1: @ r=R1, CA= CAi
  ①
   2: @ r=R2, CA=CA0
  ②
1. - ②:      = (ln)
=

The mass transfer rate WA is







1. atm()(32)()
                 Partial pressure of O2

CAo= 0.0065 g/lt
= 

WA = 1.26×10-6g/s=0.00454 g/hr
Number of Fibers = fibers

b) For pure O2 in the inside of the fibers: use total pressure of O2 instead of (3×0.21) atm pressure
atm()(32)()
                 Total pressure of O2

= 

WA = 6.109×10-6g/s=0.022 g/hr
Number of Fibers = fibers

Problem 10-20: An alcohol and water vapor mixture is being separated by contact with an alcohol-water liquid solution. Alcohol is transferred from gas to liquid, and water is transferred from liquid to gas. Temperature and pressure are 25°C and 1 atm. The components diffuse through a gas film 0.1 mm thick at equal flow rates. Mole percents of alcohol are 80 and 10 on either side of the film. Find the rate of diffusion of both components through a film area of 10 m2.

This is a case of equimolar counter diffusion, since it is stated in the problem.

We start from the modified equation 10-6:


                     

Since we have equimolar counter diffusion: NA = - NB





Problem 10-39: Oxygen is transferred from the inside of the lung through the lung tissue to blood vessels. Assume the lung tissue to be a plane wall of thickness L and that inhalation maintains a constant oxygen molar concentration at the inner wall as well as another constant oxygen molar concentration at the outer wall. Additionally, oxygen is consumed in the lung tissue by a metabolic reaction (zeroth order). Determine the distribution of oxygen in the tissue and the rate of assimilation of oxygen by the blood.

Solution:

In this case there is no bulk flow to be considered since we are dealing with membrane and negligible concentration of Oxygen within the membrane (i.e.: YA is very small in modified Equation 10-6. Also we have zeroth order reaction rate (RA=k0). Thus, at steady state, equation 10.7 simplifies to:
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