
Transport Phenomena in Biomedical 

Engineering (196 C)

DATES: January 28 to May 20, 2008

TIMES: 6:00-8:45 PM

ROOM: 333

INSTRUCTOR: Maryam Mobed-Miremadi,PhD
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PHONE: ( 408) 718 7875



OUTLINE

• Mass Transfer in Biological Systems

• Solve Problems from Chapter 5 of the book .
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USEFUL REFERENCES

• Basic Transport Phenomena in Biomedical Engineering by R.L. Fournier

• Transport Phenomena, Revised Second Edition by Bird , Stewart and 

Lightfoot 

http://bcs.wiley.com/he-bcs/Books?action=index&bcsId=3406&itemId=0470115394

• Elementary Differential Equations and Boundary Value Problems by 

Boyce and Diprima or any other Differential Equations Book.
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CAPILLARY FLOWRATES (REVIEW)
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BOUNDARY CONDITIONS AND 

MATHEMATICAL METHODS
• Concentration is a function of position (x,y,z) and time (t).  Regular Integration [f(x)] involves a 

single lower and upper limit .  For a multivariate function [f(x,t)] an initial condition and Boundary 
Conditions are required to “frame” the simulation in time an space.  This is an example:

IC:        t=0, C(x,t)= C0

BC1:     x=0, dC/dx=0   

BC2:     x=L, C =0    for t>0

• Depending on the complexity of the Diffusion Problem  several methods are used alone or in 
conjunction with each other to model the flow by using Partial Differential Equation(s):

a) Laplace Transforms (i.e. Piece-wise continuous functions)

b) Matrix Solutions (i.e. Eigenvectors)

c) Numerical  Integration (i.e Newton Raphson Method, Euler Method)

d) Boundary Value Problems (i.e., Fourier Series)

• It is more important to understand the physical phenomenon in order to set up the equations 
correctly. Many of these equations are solved by a software  tool (Mathematica, Matlab, Maple, 
etc…)
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SOLUTE DIFFUSION (REVIEW)

The solute can diffuse down its own concentration gradient 

from the higher to the lower concentration.
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FICK’S SECOND LAW (REVIEW)
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DIFFUSIVITY DETERMINATION 
(REVIEW)
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The “Stokes radius”, “Stokes-Einstein radius”, or hydrodynamic radius is not the effective radius of a hydrated molecule in solution.

It is the radius of a hard sphere that diffuses at the same rate as the molecule. The behavior of this sphere includes hydration and 
shape effects.  (Chromatography: chromatography link).

Since most molecules are not perfectly spherical, the Stokes radius is smaller than the effective radius (or the rotational radius). 

A more extended molecule will have a larger Stoke's radius compared to a more compact molecule of the same molecular weight.

In liquids where there are considerable interactions between solute and solvent molecule, Stokes radius is proportional to frictional 

coefficient f and inverse proportional to viscosity.  The frictional coefficient is determined by the size and shape of the molecule. 



SOLUTE TRANSPORT BY CAPILLARY FILTRATION 
(REVIEW)

Because of the pores in the 

capillary wall, the filtration of the 

plasma by the capillary wall will 

tend to separate the solutes on the 

basis of their size (Sieving action).  
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LONGTERM DIFFUSION OF A SOLUTE A POLYMERIC 

MATERIAL
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SHORT TERM DIFFUSION OF A 

SOLUTE A POLYMERIC MATERIAL
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DIFFUSION IN BLOOD AND TISSUE
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Solute can diffuse through both the continuous fluid space (Blood) as well as

through the cells themselves (Tissue). The transport mechanism in blood or the

tissue space is by diffusion and DT represents the effective diffusivity.
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SOLUTE PERMEABILITY
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Permeability (Pm ) is used to describe solute transport (Ns) across a membrane.  Using the total 

surface area S.
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Discontinuous and Fenestrated capillaries have much higher permeability



THE REFLECTION COEFFICIENT
The application of irreversible dynamics to membrane processes was developed by Staverman (1948) 

and kedem and Katchalsky (1958).  This effort was originated to describe the interaction of convection 
(bulk flow, driving force ∆P) and diffusion (driving force ∆C).
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LP, Pm and σ ESTIMATIONS
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MULTICOMPONENT MEMBRANE 

TRANSPORT
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TRANSPORT OF SOLUTE ACROSS 

THE CAPILLARY WALL

• Example 5.8 : Transport of glucose (small 

solute, water soluble=hydrophilic)

• Example 5.9: Transport of oxygen (gas, lipid 

soluble=lipophilic).

• Example 5.10: Transport of proteins 

(hydrophilic macromolecules)

• Example 5.11: Effect of ∆P on the transport of 

proteins in example 5.10
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TRANSPORT OF A SOLUTE BETWEEN A 

CAPILLARY AND THE SURROUNDING TISSUE
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KROGH TISSUE CYLINDER MODEL DEVELOPED FOR OXYGEN UPTAKE

LINK



KROGH TISSUE CYLINDER

• Krogh (1919) used the cylindrical capillary tissue model to study the supply of oxygen 

to muscle. The assumption is that the tissue space surrounding the capillary is a 

continuous phase (not discrete cells). 

• Solute diffusivity (DT) is driven by consumption/production of the solute by the cells

within the tissue space.

• The Michealis Menten equation (LINK) in enzyme kinetics will be used to describe the 

metabolic rate of the solute in the tissue space. This kinetic model is relevant to 

situations where the concentration of enzyme is much lower than the concentration of 

substrate.
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A MODEL OF THE KROGH TISSUE CYLINDER
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Fick’s First Law in Radial Direction
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APPLICATIONS OF KROGH’S 

MODEL

• Example 5.12

• Example 5.13
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THE PECLET NUMBER

• The magnitude of the Peclet (Pe) dimensionless number represents the 

importance of axial convection in comparison to  axial diffusion.  The criterion 

for ignoring axial diffusion is given by  Pe=VL/D>>1.  

• A similar line of reasoning could be applied to the tissue space to support the 

neglect of axial diffusion in comparison to radial diffusion:

3/17/2008 M.Mobed-Miremadi, SJSU, 196C, Lecture  7 29

( ) )(DiffusionAxialbyTrasnportrr
L

C
D

)(DiffusionRadialbyTrasnportLr
rr

CD

CTT

C

CT

T

40

392

220

0

=−

=








−

π

π



RENKIN-CRONE EQUATION
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ASSIGNMENT

• Follow through all the examples in Chapter 5.

• Solve problems 5 (1,4,5,9,13,15,21,25).  

Solutions will be posted on   4/7/08 and 

reviewed on 4/9/08.

• Study Chapters 4 and 5 (except for Vascular 

Beds section 5.10.3) for 4/14/08 Midterm. 

• The format will be the same as the First 

Midterm (1/3 definitions, 2/3 Problem 

Solving).
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