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Review of key ideas from previous ChEg courses and how they enlighten the current epidemic



Engineering Summer Experience Survey
Please take the next 5 minutes to complete this survey on your phone or computer indicating 

what you did during the summer of 2020.
The Survey is on the College of Engineering Homepage:  https://careerdevelopment.nd.edu/summer2020/ 
Login with your ND userID

If you have trouble 
logging in, email  
Willerton@nd.edu 
and he can send you  
the survey via email

If the response rate is 
>95%, candy will be 
brought in for the 

entire class



CBE 40455 Chemical Reaction Engineering 
Fall 2020 

MWF 10:25-11:15 
101 Jordan and (live online) 

Synopsis: 

Our understanding of fluid flow, mass and heat transfer, thermodynamics and chemistry are directed toward 
developing and understanding procedures and processes to optimally synthesize useful quantities of commodity and 
specialty chemicals and products. 

The topics will include fundamentals of reaction kinetics and catalysis, analysis of various reactor configurations 
and operating strategies and synthesis pathways for simple and complex molecules.  Applications will be drawn 
from “classic” chemical engineering and the pharmaceutical, materials and food industries.  We will also use our 
“rich” tool set to analyze various living systems and necessarily the COVID-19 epidemic. 

Instructor: 
Mark J. McCready  
Offices: 257I Fitzpatrick Hall and 340 McCourtney,  
email: mjm@nd.edu 
There will be ~3 Zoom office hour/problem sessions.  One will be on Thursday evening, others 
to be determined. 

Teaching Assistant:  ? 

Textbook: 
Fundamentals of Chemical Reaction Engineering, M. E. Davis, R. J. Davis (originally McGraw-Hill 
2003).  Now available online:  https://authors.library.caltech.edu/25070/1/FundChemReaxEng.pdf 
(Feel free to thank the authors for making this excellent text available for free.) 

Course Grading: 
Homework:  10% (1 set/week due on Fridays) 
“midsession” hour exams: 40%. (9/4, 10/21 — changed from first version) 
Two final session exams 50% (9/25,11/20) 

Additional Info: 

It is presumed that all students will follow the: Undergraduate Academic Code of Honor.   

Some of the “Covid” procedures may still be under development, but the three that could be of most 
importance: 

1. Wear masks as directed.  Professor Leighton and I have tested them.  If they fit, they work! 
2. You will need to sit at one of the seats labeled “Here”.  I presume you will settle into a favorite spot and as 

engineers, you could probably remember on Friday where you sat last Friday.  But how about if 
someone takes on the “leadership” opportunity to remind the instructor to take “pano” shot of the 
classroom each day! 

3. Don’t cross the green line:   

And to topics beyond 
traditional chemical 

engineering to develop and 
refine your engineering skills!

For each new use of a 
“fundamental topic”, I’ll point it 

out and make a point of 
“wallowing” in the 
fundamentalism!



CBE 40445 
Fall 2020 
Syllabus 

1. Overview/review of chemical engineering fundamentals with applications to the COVID-19 
epidemic.  (2 classes)


2. Reaction equilibrium, reaction kinetics  (4 classes). (D&D chapt. 1,2)

3. Chemical reactor configurations (4 classes). (D&D, chapt. 3)                                           

(hour test 1)

4. Modeling of catalyzed chemical reactions ( 3 classes) (D&D chapt. 4.)

5. Mechanistic description of heterogenous catalytic reactions (2 classes). (D&D chapt. 5) 

Internal and external transport limitations of catalytic reactions (4 classes) (D&D chapt. 6)
(end of 1/2 semester 1, “final exam1”)


6. Nonideal flow in chemical reactors (2 classes) (D&D chapt. 8)

7. Nonisothermal reactors (3 classes) (D&D chapt. 9)

8. Other aspects of reactor design (2 classes) (D&D chapt. 10)

9. Polymerization reactions (1.5 classes). 

10. Chemical vapor deposition reactions (1.5 classes).                                                           

(hour test 2)

11. Fermentation and other biological reactions (4 classes)

12. Applications of reaction engineering to biofilms (3 classes)

13. Applications of reaction engineering to describe environmental processes (3 classes)

14.  (“final exam2”)



CBE 40445 
Fall 2020 

Course Goals 

Students who complete this course should be able to:

1.  Develop and appropriately apply the design equations for CSTR, Batch and Plug 
Flow reactors for kinetic or thermodynamic-limited reactions, under isothermal and 
adiabatic conditions.

2. Understand the advantages of these different reactors depending on the kinetics 
and production needs.

3. Understand different reaction mechanisms and correctly obtain kinetic expressions 
from experimental data.

4. Apply understanding of transport phenomena and thermodynamics to reacting 
systems to determine how the intrinsic rate can be limited by external factors.

5. Understand yield, selectivity and production and how these affect reactor design 
and operation.

6. Understand how a chemical reactor will link with a separation train and how reactor 
operation may be altered to optimize the entire process.

7. Apply analysis presented in this class to biological systems and other nontraditional 
situations.



PLEASE FOLLOW THE “RULES”
• We have examined some of the relevant issues.



WET GAITERS DON’T WORK



CBE 30355/30357
• Particle emission and transmission from a sneeze?



For a 100 μm particle starting at 5 m/s

Total distance is about 3 m!



CBE 20255
• How safe are we in this room?

• Spread of virus by aerosols is possible…

• This seemed pretty obvious from the 
beginning if only recently acknowledged by 
WHO and CDC 

• Some of the particles from speaking are 
too small to get filtered by masks.

• You emit small particles by just breathing.



AEROSOL SPREAD

• Particles small enough to remain suspended in air are small and thus 
don’t carry much virus.

• All through the spring I saw the same people working at my local 
“essential businesses” — they were certainly encountering infected 
people.

• No apparent “excess” musician deaths after Mardi-Gras!



ANALYSIS OF AEROSOL SPREAD
• “Component” mass balance for “spittle” particles that (for consistency) 

come from speaking.

• For a range of sizes, even if they initially fall because of gravity, they 
can evaporate to become aerosolized.

• V— volume of room, cp(t)— particle concentration, q—volumetric 
ventilation rate, S— particle emission rate, k— first order rate 
constant for deactivation of virus
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SOLVE FOR INITIALLY NO VIRUS

• Deactivation doesn’t help much!
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AEROSOL “THREAT”
• Define a “safe” dose of particles…

• “Contact trace”… what you might get 6 feet from someone speaking 
for 15 minutes

• Spherical spread of particles… you breath in a fraction of the flux

• Specify “emission” in terms of incidence of infection and numbers of 
people present

• Ventilation by size of room.



HOW SAFE ARE WE NOW?
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CBE 30367, 30356
• Why does humidity matter?

• The virus is present in saliva, so “humid air” doesn’t degrade it faster.

• There is a range of particles emitted by speaking that evaporate before hitting 
the ground.  Since these are the largest sized particles that become aerosolized, 
these could be the biggest threat.

• 100 μm, v = 30 cm/s, 50 μm, v = 7.5 cm/s, 20 μm, v = 1.2 cm/s.

• How much faster would an emitted particle evaporate in rooms with different 
relative humidity and temperature? (HW problem for you!) 



PARTICLE EVAPORATION



EYE PROTECTION?



STOKES-EINSTEIN
• Diffusivity of particles and flux to eyes.

• For “small particles”  Re<<1, Stokes law will give drag as long as the “fluid” can be 
considered a continuum For .5 �mparticles

������� % /. {T � 298, k � 1.38×10 ^-16, � � .01/55, R � .00005}

��	���� 2.39987 ×10-7

“Boundary layer”

������� � = .2 cm

��	���� 0.2 cm

������� area = 4 cm ^2

��	���� 4 cm2

������� flux = dd /� area
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s

Breath input of virus

We pick 10 l/minute

������� 10 l/min /. { l � 1000 cm ^3, min � 60. s}
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166.667 cm3

s

Ratio of eyes compared to breath!
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��	���� 2.4×10-8



HOW DO PARTICLES 
GET IN?



INHALATION
O F DUST. . .
O R A EROSOL

D RUG DEL IVERY

T O R T U O U S P A T H T O S M A L L PASSAGES

PA R T I C L E S S T I C K T O W A L L :

C L E A R E D B Y C I L I A

L O N G P A T H : O N L Y ~ L A S T 5

B R A N C H E S ABSORB

C O U L D B R E A T H B A C K O U T



O N L Y A "NARROW" S I Z E R A N G E

O F P A R T I C L E S W I L L B E

D E L I V E R E D T O I N S I D E

S U R F A C E O F L U N G S . . .



CHEM 10112, CBE 20255, CBE 40445

• Even if “k” was not large enough to make a difference in a classroom, 
how does temperature affect the rate of deactivation in other 
situations?



1/2 life about 2 days



CBE 20255, 40455
• How to model the disease spread?

• The standard method is the SIR model… 

R0 = b/k — this changes 
during infection, but does 
one location tell anything 
about another location?

Why was NYC so bad?



BUT WE KNOW THAT SPREAD REQUIRES 
A CLOSE INTERACTION!

• Hence instead of numbers of people, population density should be 
used.

Snapshot of ideal gas



DATA FROM MARCH 31



CONCLUSION FROM THIS…

• Rate constant just depends on efficiency of transmission

• Possibility of overwhelming local healthcare would only occur in the 
most densely populated regions.

• … South Bend was not a few weeks behind New York, the rate of 
case increase was 45 times slower!



LOW BLOOD OXYGEN LEVELS

 3.  I have been reading that the difficulty in breathing that is seen in COVID19 patients is 
different from standard pneumonia.  For normal viral and bacterial pneumonia, patients have 
problems getting air into their lungs.  At a certain point of arterial O2 saturation, such patients 
are placed on ventilators.  From what I have read, this is at about 60 mm Hg.  On the cartoon 
plot below this corresponds to something like 90% saturation.  On a more accurate plot, I think 
that it is somewhat lower.  At 60 mmHg, in principle, there is still substantial oxygenation 
potential in the blood.  However I suspect that if this is the medical criterion, it is because the 
of the shape of the curve.  A further small drop in lung performance will start to make a big 
difference in ability for the patient to get enough O2 to her/his organs.


Articles like this and this note that COVID patients have low saturation but no apparent 
difficulty in getting air in.  (Like altitude sickness.)  Apparently, some disruption mechanism is 
preventing the absorption mechanism that should be occurring.  Thus mechanical ventilation 
does not help much and can damage the lung tissue.  The hope is just ~100% O2, through a 
mask, will get enough in while the person eventually overcomes the virus.


On this point, the “shortness of breath” early symptom seems key.  Even if there is no chemical 
treatment to stop the virus from penetrating cells or directly propagating, perhaps there is a 
way to interfere with the “damage” at the alveoli level?  Is it immune system “gummy waste” or 
local inflammation or something else?  
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