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HIGHLIGHTS FROM TUESDAY

• Transport phenomena is the collective study of momentum 
transfer, heat transfer and mass transfer within a coherent 
mathematical framework.

• Thermodynamics establishes what can happen, Transport 
Phenomena regulates how fast the change will occur.

• While new opportunities for chemical engineers are emerging, 
particularly in medicine and materials, we are not as hardwired 
in with major US companies as we were 30 years ago.
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SUMMARY FOR TODAY

• Show numerous examples where the subject is relevant

• Examine the particular case of oxygen solubility in blood
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CONSERVATION OF MOMENTUM

• Momentum, is a vector quantity.  We will thus have to deal with this.

• In terms of a full differential analysis, we will have 3 equations, one for each of the 
coordinate directions.

• This are “coupled” and nonlinear partial differential equations.  

• We are engineers just learning the subject so we will approach the subject systematically 
with as much simplification as possible.
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NAVIER-STOKES EQUATIONS
Constant μ and ρ
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CBE 30357
• Use these equations for flows of physiological, medical or 

biological interest

• Blood flow

• Air flow 

• Esophageal flows

• Intestinal flows

• Medical devices (heart-lung machine, various sensors and 
microfluidics)

• Maybe a creature or two. 



GLYMPHATIC SYSTEM

• https://www.youtube.com/watch?
feature=player_embedded&v=ci5NMscKJws

• https://www.youtube.com/watch?
v=VN3p3muXDgA

• https://www.youtube.com/watch?v=MJK-
dMlATmM



CBE 30357:  8/24/17

BLOOD 
FLOW



BLOOD FLOW: STROKE RISK

• https://medicalxpress.com/news/2016-10-imaging-
d-mri-technique-blood.html
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HEART PUMPING

• https://www.youtube.com/watch?v=oHMmtqKgs50
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HEART CATHETER ASSEMBLY
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NOT A NEW DEVICE
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• A Cardiologist 
once said to me: “I 
have to do some 
calculations…”

CBE 30357!
Fall 2013!

extra problem for test 2!
 !!!

1.  Some equations from a Cardiology textbook.!!!!!!!!!!!!!!!!
The above “simplification” of the Bernoulli equation is also given in the textbook.!!
a.  Verify the units of the pressure and velocity.  !
b. What simplifications of the Bernoulli equation give this?!
c. Calculate the pressure change associated with blood in the left ventricle at 0 

velocity that is accelerated to the common mean velocity of the Aorta.  Does 
acceleration of the blood constitute a significant fraction of the pumping power of 
the heart?!! !!!!!!!!!!!!!!!
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• Premature babies often have 
trouble breathing

• They don’t have sufficient 
surfactant production to keep 
alveoli open

• http://www.curoservice.com/parents_visitors/surfactant/
surfactant_composition_action.php
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LUNGS
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PERISTALSIS

• https://en.wikipedia.org/wiki/Peristalsis

• https://medlineplus.gov/ency/anatomyvideos/000097.htm
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LARGE INTESTINE

Science&DOI:&10.1126/science.1110591&

Colon&cells&and&bacterial&biofilms&are&separated&



248 J. S. HOU et al. 
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Fig. 1. (a) A diagram of a generic diarthrodial joint showing important anatomical features, loading and 
motion. (b) Schematic diagram of the load-hearing region of an idealized knee joint. 

al., 1978; Ribitsch, 1990) this lower shear rate between 
the joint surfaces would mean a higher synovial fluid 
apparent viscosity, so that a thicker lubricant film 
could be maintained. However, for the low speeds and 
high loads existing in joints, these mechanisms are still 
insufficient to generate the required fluid film with 
sufficient thickness for lubrication. 

Fein (1967) noted that even in motions where the 
two bearing surfaces approach each other normally 
without sliding, a hydrodynamic pressure will develop 
to overcome the viscous resistance of the synovial 
fluid as it flows laterally from the gap. He hy- 
pothesized that this pressure can carry the load and 
sustain a fluid film for several seconds. Obviously, the 
duration of the sustained fluid film increases with 
increased fluid viscosity. This mode of lubrication is 
known as squeeze-film lubrication. For simple geo- 
metry and rigid nonporous surfaces, Fein derived 
simple mathematical expressions for calculating the 
film thickness as a function of time. Later, Dowson et 
al. (1970) estimated the squeeze-film time under 
a given load for a fluid film between two rigid parallel 

surfaces, where the viscosity is assumed to increase 
with the decrease of film thickness. Mow (1969), on 
the other hand, addressed the effects of the non- 
Newtonian behavior of synovial fluid in the squeeze- 
film lubrication mode between spherical and plane 
rigid surfaces. 

Other hypotheses of joint lubrication dealt with the 
porous-permeable, deformable nature of cartilage. 
Here, there are two opposite sets of hypotheses. First, 
Lewis and McCutchen (1959) and later McCutchen 
(1962) hypothesized that the lubricant fluid film in the 
gap is maintained between the two bearing surfaces 
through a self-pressurized mechanism called ‘weeping 
lubrication’. According to this theory, the lubricant 
fluid film in the joint is supplied by a uniform exuda- 
tion of interstitial fluid from the compressed cartilage 
across the articulating surface. Second, Walker and 
coworkers (1968, 1970) proposed an alternate theory, 
called ‘boosted lubrication’, in which the solvent com- 
ponent of synovial fluid, i.e. water, flows into the 
articular cartilage over the contact region during 
squeeze-film conditions. According to this hypothesis, 
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“FOULING” OF MEDICAL 
DEVICES

Understanding+how+flow+effects+quorum+sensing+
helps+understand+bacterial+behavior++

Drescher+et+al+2013+
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HEAT EXCHANGE BY ANIMALS 
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BLOOD-BRAIN BARRIER

• From Wikipedia

• Mass transfer
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CHAPTER 1 FROM THE TEXT
• Except for the basic descriptions of diffusion and convection, 

pp: 2-9, this is not the main subject matter of the class

• What you don’t know about biology or physiology will not 
hurt you.  

• However, the equations and principles of transport 
phenomena may enhance what you do know about biology

• Fluid mechanics is central to the heart and blood circulation 
and to breathing, so we will use these as examples as we begin 
our study of momentum transport.  







HEMOGLOBIN

• O2: Cooperative 
binding 





OXYGEN CAPACITY OF 
BLOOD

CO2
== HO2

PO2
(1− Hct)+ (4CHbS + HHbPO2

)Hct
CO2

,CHb == Concentrations of O2 and hemoglobin
HO2

,HHb ==  "Henry's" constants for oxygen in plasma and 
hemoglobin

PO2
==  partial pressure of oxygen

Hct == "hematocrit", the volume fraction of red blood cells
S ==  The fractional saturation of oxygen on the hemoglobin
!
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George A. Truskey, Fan Yuan, and David F. Katz

Figure 1.14    Oxygen–hemoglobin and oxygen–myoglobin dissociation curves. The fractional saturation is the relative amount 
of heme groups bound to molecular oxygen.
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Figure 1.16    Oxygen and carbon dioxide exchange across the alveolar capillaries.















https://lifeinthefastlane.com/oxygen-in-acute-myocardial-infarction/

https://acls.com/free-resources/knowledge-base/acute-coronary-syndrome/mona-morphine-oxygen-nitroglycerin-and-aspirin






