
1. Blood filtration

Acme Blood Filters is a Cambridge-based blood filtration firm that wants to specialize in 
separating serum from blood.  This is done by pouring blood into a column which breaks it 
up into constitutive components based on size.  It is also of great importance to minimize 
protein adhesion to the sides of the columns.
 
Researchers  have  approached  you,  the  Head of  Research  and Development,  with  two 
options for the components of the column.

Option 1 considers the porous medium as a bundle of sintered aluminum oxide tubes 
(similar to those used in catalytic converters) with identical cross-sectional areas, whereas
Option 2 consists of packed beds containing equal sized spherical particles.

For parts a-d, evaluate option 1.

a) Determine So given that the radius of the tubes is 50 μm and that it has a void 
fraction of 0.4.

b) Calculate the blood flow rate through the column given the following information:

K1
-1 = 4.2

L= 15 mm
         μblood= 0.0027 Ns/m2 
         ΔP| = 1.013 x 104 Pa

c) Determine the Reynolds Number for this system given that ρ  blood  = 1060 kg/m3. 
Would this result in laminar or turbulent flow?

d) Calculate  the  entrance  length,  Le,  and  determine  whether  the  tube  bundle 
approximation is valid.   

e) Now let us consider Option 2.  Assume that we have equal sized particles with a 
diameter equal to 500 μm.

i) Determine the So and blood flow rate of this system. Recall what the 
void  fraction  of  a  packed  bed  of  spheres  is  and  use  the  given 
variables used in Option 1. 

ii) What  would  the  Reynolds  number  be  for  this  system given  the 
conditions described above.

f) Assuming a constant flow rate, qualitatively draw velocity profiles as a function of 
position for both laminar and turbulent flow. 

g) Would you trust Option 1 to separate the AIDS virus from blood?
*Hint: Look up the relative size of the virus.


