
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

EMAIL: cysomir@sbcglobal.net

PHONE: ( 408) 718 7875



OUTLINE

• Review and Finish Mass Transfer in Biological 

Systems.

• Solve Assignment #5 Problems.
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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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TRANSPORT OF A SOLUTE BETWEEN A 

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

LINK



KROGH TISSUE CYLINDER
(REVIEW)

• 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 (REVIEW)
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Axial Convection (neglected)

Radial
Diffusion

Solute exchange for blood /capillary exchange occurs at rc
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Fick’s First Law in Radial Direction
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THE PECLET NUMBER (REVIEW)

• 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:
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RENKIN-CRONE EQUATION (REVIEW)
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DETERMINING THE VALUE OF 

SOLUTE PERMEABILITY (P
m
S)

• The multiple tracer indicator diffusion technique is used to obtain  permeability 

across the capillary wall in organs, large tissue regions  and artificial membranes 

(hemodialysis and bioartificial organs). At time equal to zero, the solutes are 

injected into a main artery feeding the region of interest.

• The clearance is calculated by obtaining venous blood samples for the 

concentration of test (permeable, C) and reference (non-permeable, C
o
) solutes 

over a few seconds (Figure 5.20).

Clearance (CL), is the volumetric flowrate of the fluid that has been totally cleared 

of the solute at a certain time.
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Example 5.16 in textbook. 



SOLUTE TRANSPORT IN VASCULAR BEDS

Two main routes for circulation are the pulmonary (to and from the lungs) and the systemic 

(to and from the body). Pulmonary arteries carry blood from the heart to the lungs. In the 

lungs gas exchange occurs. Pulmonary veins carry blood from lungs to heart. The aorta is the 

main artery of systemic circuit. The vena cavae are the main veins of the systemic circuit.  

Coronary deliver oxygenated blood, food, etc. to the heart.  The Krogh tissue cylinder model 

provides a description/capillary.  This is not an appropriate model for the areas of high 

vascularization.
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Two parameters are used to describe the degree of vascularization:
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Example 5.15 is a good illustration of Solute Transport in Vascular Beds.



ASSIGNMENT
• Get your questions ready for the 4/14/08  exam by  

the 4/09/08 lecture.  The office hours will be 

extended on Monday on 4/14/08 (1:00-5:00 PM).

• 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).

• Do not forget the 4/9/08 lecture.
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