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As teachers we can choose between 

(a) sentencing students to thoughtless mechanical operations and 
(b) facilitating their ability to think. 

If students' readiness for more involved thought processes is 
bypassed in favor of jamming more facts and figures into their heads, 
they will stagnate at the lower levels of thinking. But if students are 
encouraged to try a variety of thought processes in classes, then they  
can … develop considerable mental power. Writing is one of the most 
effective ways to develop thinking. 

—Syrene Forsman

Reference:  Forsman, S. (1985). "Writing to Learn 
Means Learning to Think." In A. R. Gere (Ed.), Roots 
in the sawdust: Writing to learn across the 
disciplines (pp. 162-174). Urbana, IL: National 
Council of Teachers of English.Professor Faith A. Morrison

Department of Chemical Engineering
Michigan Technological University

Transport/Unit Operations
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Professor Faith A. Morrison

Department of Chemical Engineering
Michigan Technological University

CM2120—Fundamentals of ChemE 2 (Steady Unit Operations Introduction)
CM3110—Transport/Unit Ops 1 (Momentum & Steady Heat Transport, Unit Operations)
CM3120—Transport/Unit Ops 2 (Unsteady Heat Transport, Mass Transport, Unit 

Operations

www.chem.mtu.edu/~fmorriso/cm3210/cm3210.html
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CM3120 Transport/Unit Operations 2
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Professor Faith A. Morrison

Department of Chemical Engineering
Michigan Technological University

Primary Text:
Christie J. Geankoplis, Transport Processes and Unit 
Operations, 4th Edition, Prentice Hall, New York (2003). 

www.chem.mtu.edu/~fmorriso/cm3120/cm3120.html

*Free 
electronically!
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We seek to be

Thinking Engineers

Reflective
Insightful
Courageous
Confident
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Why study transport/unit ops?
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Why study transport/unit ops?

•Modern engineering systems are complex and often 
cannot be operated and maintained without analytical 
understanding
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Why study transport/unit ops?

•Modern engineering systems are complex and often 
cannot be operated and maintained without analytical 
understanding
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•Design of new systems will come from 
high-tech innovation, which can only come 
from detailed, analytical understanding of 
how physics/nature works
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Why study transport/unit ops?

•Modern engineering systems are complex and often 
cannot be operated and maintained without analytical 
understanding
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•Design of new systems will come from 
high-tech innovation, which can only come 
from detailed, analytical understanding of 
how physics/nature works

Image:  wikipedia.org
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characterized through 
experimentally determined 
data correlations (obtained 
through dimensional 
analysis)  
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Where are we now?

9

© Faith A. Morrison, Michigan Tech U.

Where are we now?
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CM2110

CM2120

Summary

CM2110/CM3215
1. Steady mass balances
2. Steady energy balances (how to calc. energy)
3. MEB-Mechanical Energy Balance
4. Phase equilibria (Raoult’s Law)

CM2120/CM3215
1. MEB-Mechanical Energy Balance (with friction)
2. Pumps
3. Heat exchangers
4. Introduction to Unit Operations
5. Staged Unit Operations (distillation, absorption)
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Where are we now?
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CM3110

CM3120

Summary

CM3110
1. Steady momentum balances 

(macro and micro)
2. Rate-based heat transfer 

processes (Fourier’s law, heat 
transfer coefficients, radiation)

3. Data correlations for 𝑓 Re , 

Nu Re, Pr,

4. Unit Operations involving heat 
transfer (Heat Exchangers)

CM3120
1. Unsteady energy balances
2. Rate-based mass-transfer 

processes (Fick’s law, mass 
transfer coefficients)

3. Data correlations for 

Nu Re, Sc,

4. Unit Operations involving mass 
transfer (separators)

© Faith A. Morrison, Michigan Tech U.

 

O2  
heat 

exchanger 

pump 

membrane 
oxygenator – 
oxygen goes 
into blood; 
carbon 
dioxide 
comes out  

O2 

MO 

spent 
blood 

fresh 
blood 

Membrane Oxygenator, MO
(Heart-Lung Machine)

 

 

 

 

Secondary flow drives 
the O2 mass transfer
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• Mass transfer
• Momentum transfer



Module 1, Lecture 1 1/11/2021

7

© Faith A. Morrison, Michigan Tech U.

Where are we going?
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+CM3510—Chemical Reaction Engineering

+CM3230—Thermodynamics for Chemical Engineers 

• Performance of chemical reactors
• Advanced chemical kinetics

• Non-ideal solutions
• Mixtures
• More complex chemical behavior

CM4110/20—Unit Operations/Chemical Plant Operations Lab

CM4855/4860/1—Chemical Engineering Process Analysis & Design 

• Capstone, hands-on study of the operation of units that produce 
chemical transformations 

• Capstone, applied engineering of processes that produce chemical 
transformations

CM4310—Safety/Environment 

© Faith A. Morrison, Michigan Tech U.

What’s the plan?

14



Module 1, Lecture 1 1/11/2021

8

© Faith A. Morrison, Michigan Tech U.

CM3120 Transport/Unit Ops 2
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1. Class webpage: 
https://pages.mtu.edu/~fmorriso/cm3120/cm3120.html

2. Review Course Policies (7 page handout)

3. Syllabus (schedule of MW topics, exams, Fridays)

4. Study Guide Project, Friday UO Worksheets

5. Study Guide for Module 1

6. Exam 1:  Wednesday 20 January 2021 (week from 
Wednesday)

7. Honor code

8. Questions?

9. Get started 

Class 1 Outline

© Faith A. Morrison, Michigan Tech U.
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All materials are on the course web page:

pages.mtu.edu/~fmorriso/cm3120/cm3120.html

Some links are in 
Canvas, but most 
of our materials 

are on the 
website.
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CM3120 Learning Plan
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1. Chosen topics—four modules

2. Suggested readings

3. Will provide lectures

4. Assigned problems (4 homeworks)

5. Produced Study Guides (4 modules)

6. Scheduled class sessions for problem solving

7. Schedule class sessions for UO project (4 Fridays)

8. Structured a grading system

• Four exams
• Study Guide Project
• Unit Operations Worksheets

I have:

© Faith A. Morrison, Michigan Tech U.

Modules
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Module 1:  Intro and prerequisite material
Module 2:  Unsteady state heat transfer
Module 3:  Diffusion & mass transfer I
Module 4:  Diffusion & mass transfer II
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Lectures
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© Faith A. Morrison, Michigan Tech U.

Fridays
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Study Guide Project
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Puts you in charge of your learning

Study Guides answer questions 
you have about your learning.

You decide what learning activities 
work best for you.

What is the point of this class?

What am I supposed to be 
learning?

What skills will I have by the end 
of the course?

What should I be focusing on to do 
well in the course?

… 

© Faith A. Morrison, Michigan Tech U.

Study Guide Project

22
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Fridays
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Four worksheets 
(one for each of 4 
UOs) combine to 
be the 5th Study 
Guide submission

© Faith A. Morrison, Michigan Tech U.

It is up to you how to proceed.
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Plausible course of action:

i. Start with the Study Guide for the module.

ii. Look for problems (from those assigned or in one of 
the texts) that would demonstrate that you have the 
skill/knowledge listed on the Study Guide.

iii. Do those problems; refer to readings & lectures to 
learn how to solve.  Save copies of your work to 
submit as part of the Study Guide project.

iv. Bring questions to the class sessions; we will do problems both all 
together (me leading).

v. Form a study group with classmates; I can help introduce you to 
interested team mates

vi. Bring questions to student office hours.

vii. Work to refine your transport skills/knowledge.

viii. Show your mastery on the exams; stretch yourself if you seek top 
performance. 
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pages.mtu.edu/~fmorriso/cm310/convert.pdf

Handy Sheet for Unit Conversions 

CM3120:  Module 1

© Faith A. Morrison, Michigan Tech U.
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Introduction and Prereq Material

I. Introduction
II. Review of Prerequisite Material

a. Microscopic energy balances
b. Fourier’s law of heat conduction (𝑘, homogeneous)
c. Newton’s law of cooling (ℎ, at a boundary)
d. Resistances due to 𝑘 and ℎ
e. Solving for the steady temperature field 𝑇(𝑥,𝑦,𝑧)
f. Dimensional analysis in heat transfer for ℎ
g. ℎ Data correlations for forced and free convection
h. ℎ For radiation heat transfer
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Exam 1:  Next Wednesday 
7:00-11:59pm; 2 hours, 15 minutes 
permitted

Exam topics: See Study Guide 1
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Online Exam System
1. You are on your honor 
2. Include signed pledge in submitted solution: “On my honor, I 

agree to abide by the rules stated in the course materials.” 
3. You may work for up to two hours and 15 minutes (135 min)
4. Closed book, closed notes.  
5. Two-page 8.5” by 11” study sheet allowed, double sided; 

you may use a calculator; no uses of internet
6. Please text clarification questions to Dr. Morrison 906-487-

9703. 
7. All work submitted for the exam must be your own. 

© Faith A. Morrison, Michigan Tech U.
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