
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

• Solutions to Midterm 

• Solutions to Assignment#3

• Review of Significant Figures

• Review of Extraction (Problem 2.22 )

• Blood Rheology Review (Problems 4.22,4.24 and 

4.29)

• Introduction to Mass Transfer
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USEFUL REFERENCES

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

• Transport Processes and Unit Operations, Second Edition by C.J. 

Geankoplis

• 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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REVIEW OF SIGNIFICANT DIGITS

• The number of significant digits carried varies from discipline 

to discipline. However, the rules remain the same.

• This is a helpful link that summarizes the rules:

http://www.fordhamprep.com/gcurran/sho/sho/lessons/lesson23.htm
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SINGLE STAGE EXTRACTION (REVIEW)
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• The streams leaving the 

extractor are in equilibrium:
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MULTI-STAGE EXTRACTION
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MULTI-STAGE EXTRACTION 

REFERENCE MATERIAL 
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RHEOLOGY (Review)
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Rheology is the study of the deformation and flow of matter under the influence of an 

applied  stress ( τ) at a certain shear rate (   ).γ&

rate of transfer process  = driving force (∆P)/resistance (Viscosity)

γ&

The apparent of dynamic viscosity (µ) is a measure of the resistance of a fluid to being 

deformed by either shear stress or extensional stress in units of Centipoise (cP).  The 

kinematic viscosity (ν) measured in units of  Stokes, is the defined as the ratio of the 

apparent viscosity (µ ) to the fluid density (ρ) at a given temperature. Viscosity is also 

defined as the slope of the shear stress (τ) .vs. shear rate (   )curve.  For a Newtonian fluid  

such as water,  this slope is constant.  



BOUNDARY LAYER FLOW (Close to a Surface) 
(Review)

(137-146, Examples 4.4 and 4.5)
• In fluid the boundary layer region near the solid, the fluid motion is greatly affected by the 

solid surface.  In the thin boundary layer, viscosity is important.  Since the region is thin, 

simplified solutions can be obtained for the boundary layer region. 

• The velocity at x=0 is uniform across the fluid stream and has the value v .  The velocity of 

the fluid at the interface is 0 and the velocity vx increases  in the x direction as one goes 

farther from the plate.  When the flow is laminar, the thickness δ of the boundary layer 

increases with (x)0.5 as we move in the x direction.  L is the line when the velocity has reached 

99% the bulk velocity v
∞
.  The Reynolds number is defined as 

3/03/2008 M.Mobed-Miremadi, SJSU, 196C, Lecture 5 13

300000020000

20000

<<

<

= ∞

xRe,

xRe,

xRe,

N:FlowTransition

N:FlowarminLa

xv
N

µ

ρ



FLOW REGIMES IN BLOOD VESSELS 
(Review) (Simplified)
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Low velocity flow in veins

High velocity flow in arteries
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The Fanning friction factor (f) is a ratio defined as the shear stress at the surface  (τs) divided  by the 

velocity head (ρν 2/2).   

r=0

R=r (at the wall)

At r=0, v=vmax, τ=dv/dr=0

At r=R, v=0
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The combination of Newton’s viscosity law, the Momentum Balance , Mechanical Energy , 

Bernoulli and  Continuity equations and dimensionless analysis , allow Biomedical engineers to 

solve for  (∆P), Friction losses (Ff) and Pipe diameter (d), Pipe length (L).   

gL

v
N

v

p
N

/LvN

Fr

Eu

Re

2

2

=

=

=

ρ

µρ

)perimeterwetted(

)areationalseccross(
xrxD

HH
44 ==



BOUNDARY CONDITIONS AND 

MATHEMATICAL METHODS (REVIEW)

• Momentum 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, v(y)=0 for all y

BC1:     y=0, v=V   for t>0

BC2:     y=∞, v=0    for t>0

• Depending on the complexity of the Momentum Balance equation(s) several methods are used alone 
or in conjnuction 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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KEY FLOW EQUATIONS (REVIEW)
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Poiseuille-Hagen
Rabinovitch



CASSON EQUATION (REVIEW)

3/03/2008 M.Mobed-Miremadi, SJSU, 196C, Lecture 5 18

2

2

3

4

2

212121

2290

02890

384

1

7

4

42

1

cm/s.dynes.s

cm/dynes.

s
U

velocityaveragereducedthefor

solvingandequationhRabinovitctheinforngSubstituti

stressyieldtheis

s

y

y

w

y

wy

w
_

y

//

y

/

=

=









+−−=

+=

τ

τ

τ

τ
ττ

τ

γ

τ

γττ

&

&

Equation 4.23 page 129 for the velocity profile 

applies for

rcritical ≤r≤R  where  rcriticalτw=Rτy

At lower Shear Rates, RBC aggregate and the

assumption of blood being a homogeneous fluid

no longer applies.  



FAHRAEUS AND THE FAHRAEUS-LINDQUIST 

EFFECTS AT HIGH SHEAR RATES
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Plasma Skimming , @HF=HD, Reduced Hematocrit

Because of the Hematocrit reduction, 

The Poiseuille –Hagen Flow can be applied to define 

the apparent viscosity for tube diameters < 500 microns
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APPLICATION OF THE MARGINAL 

ZONE THEORY
The marginal zone theory may be used to characterize the Faharaeus-Lindquist effect in the 

diameter range of 4-6 microns to 500 microns to obtain an expression for the apparent 

viscosity in terms of plasma layer thickness (δ), tube diameter, and the hematocrit, using the 

equations for Newtonian flow.
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CAPILLARY RISE
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ASSIGNMENT

• Read Chapter 5 of the Textbook.

• Redo problem 2-23

• Problems 4.18, 4.20 and 4.30
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