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COURSE SYLLABUS:  CHEE 412 TRANSPORT PHENOMENA   (W 3-0-0.5   3.5) 

PERSONNEL 
For an up to date list of personnel, please check the website. 
 

CALENDAR DESCRIPTION 
The transport phenomena approach is followed to study and analyze transport of momentum, energy 
and mass, with special focus on combined transport problems. Solutions are developed for problems 
involving steady-state and unsteady flows, isothermal and non-isothermal conditions, as well as non-
Newtonian liquids. This course completes the students’ intellectual training in the transport sciences 
culminating in their mastery of combined transport problems, including fluid flow with heat transfer, or 
mass transport with fluid flow, or heat transfer with mass transport.  (0/0/0/42/0) 
 
PREREQUISITES:  CHEE 223, CHEE 224 and CHEE 330, or permission of the department 
EXCLUSION:  CHEE 452 

OBJECTIVES AND OUTCOMES 
The subject of transport phenomena includes three closely related topics: fluid dynamics, heat transfer, 
and mass transfer. Fluid dynamics involves the transport of momentum, heat transfer deals with the 
transport of energy, and mass transfer is concerned with the transport of mass of various chemical 
species.  In this course we study these three transport phenomena together.  This course adheres to 
advanced solution methods, each solution beginning with differential forms of the equations of change.  
The course thus leverages prior training in differential equations.  The principle objective of this course 
is train the student to create chemical engineering knowledge using the transport phenomena approach 
with special focus on combined transport problems.   
 
Course Learning Outcomes (CLOs): Students who have succeeded in this course can:  

1. Identify transport properties and analyze the mechanisms of molecular momentum, energy and 
mass transport. 

2. Select, locate and orient coordinate systems for transport phenomena problems (including 
rectangular and curvilinear).  

3. Formulate the differential forms of the equations of change for momentum, heat and mass 
transfer problems for steady-state and unsteady flows. 

4. Create original solutions to fluid flow, heat transfer and mass transfer problems, and solve 
problems combining these transport phenomena. 

5. Recognize non-Newtonian liquids and apply appropriate models to describe them. 
 
 
This course assesses the following attributes: 

 

Knowledge base for engineering (CLO 1-5):  
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CHEE-KB-FM-3. Formulates differential momentum balances and solves them to determine velocity and 

stress distributions. 

CHEE-KB-FM-5. Utilizes appropriate constitutive models to describe fluid behaviour. 

CHEE-KB-HT-2. Formulates and solves differential equations of heat transfer to calculate temperature 

distributions.  

CHEE-KB-MT-2. Formulates and solves differential equations of mass transfer to calculate concentration 

distributions. 

CHEE-KB-MATH -1. Selects, locates and orients coordinate systems for transport phenomena problems.  

CHEE-KB-MATH -2. Formulates and solves ordinary and partial differential equations and integral 

equations arising in Chemical Engineering using analytical and numerical techniques.  

 

Problem analysis (CLO 3, 4):  

 CHEE-PA-3. Selects and applies appropriate quantitative models, analyses, and boundary conditions to 

solve problems  

RELEVANCE TO THE PROGRAM 
This final-semester, final-year course is the capstone intellectual training in transport phenomena for 
which the prior transport group courses CHEE 223, CHEE 224 and CHEE 330 have prepared the student.  
This course equips the student for a lifelong career of creating knowledge about chemical engineering, 
whenever and wherever industrial knowledge gaps arise.   

COURSE STRUCTURE AND ACTIVITIES 
3 lecture hours + 1 tutorial hour per week.  Please refer to SOLUS for times and locations. 

EXPECTATIONS FOR LECTURES/TUTORIALS  
Students are expected to complete assigned chapter readings before corresponding lectures.  Students 

are expected to solve assigned tutorial problems, and to submit these solutions at the start of each 

tutorial session.   

Since each lecture is specially designed to prepare students for the midterm examinations, students are 

expected to attend the lectures.   

RESOURCE 
Bird, R.B., W.E. Stewart and E.N. Lightfoot, Transport Phenomena, REVISED SECOND EDITION, Wiley, 

New York (2007).  Hardcopy required for midterm exams.  Electronic copies cannot be used for midterm 

exams.   
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GRADING SCHEME 
 

 

Tutorial problem solutions must be submitted, without exception, at the start of each tutorial session. 

Students must pass the exam component (combined mark on midterm+final) to pass the course, as 

stated by departmental policies  

(http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html ) 

HOW TO DO WELL IN THIS COURSE 
Attend every lecture. Complete assigned readings on time.  Come to class well-prepared with questions 

provoked by the assigned readings and by the assigned tutorial problems.  Practice by solving Worked 

Examples and Problems in assigned readings.   

ACADEMIC INTEGRITY 
Engineers have a duty to: 

 Act at all times with devotion to the high ideals of personal honour and professional integrity 

 Give proper credit for engineering work 
 

-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 

http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As 

engineering students, you have made a decision to join us in the profession of engineering, a long-

respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 

from collaborating, even closely, with fellow learners in any class. Indeed, we strongly encourage 

collaboration and teamwork, when conducted responsibly. We have however, set firm guidelines on the 

quality of submitted work and have taken a strong stand against plagiarism and other forms of academic 

dishonesty.  Briefly stated, we expect that submitted work bears the name of all those contributing to it, 

and that you do not allow others to copy your work.  

Deliverable Week or Date Weight  

Three tests Week 4, 9, 12 91% 

Assigned tutorial problems Weekly 9% 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://peo.on.ca/index.php?ci_id=1815&la_id=1
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Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 

shall be taken, as required by the Faculty of Engineering and Applied Science policy on academic 

integrity: http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found on the 

Queen’s website. All learners are expected to familiarize themselves with these policies and to 

conduct themselves accordingly. 

 Senate Academic Integrity Policy Statement  

 Procedures for dealing with departures from academic integrity in the Faculty of Engineering 
and Applied Science 

 Queen's University Code of Conduct 

INDIVIDUAL NEEDS AND SUPPORT 
Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 

disability or health consideration that may require accommodations, please feel free to approach the 

instructor and/or Queen’s Student Accessibility Services (QSAS) as soon as possible.  The Accessibility 

Services staff is available by appointment to develop individualized accommodation plans, provide 

referrals and assist with advocacy. The sooner you let us know your needs, the better we can assist you 

in achieving your learning goals at Queen’s. For further information, visit the Student Wellness Services 

website.  The class website is powered by the Brightspace by D2L Learning Environment (OnQ) that 

complies with common accessibility standards and every effort has been made to provide course 

materials that are accessible.  If you find any element of this course difficult to access, please discuss 

with your instructor how you can obtain an accommodation. 

ACADEMIC AND STUDENT SUPPORT 
Queen’s has a robust set of supports available to you including the Library, Student Academic Success 

Services (Learning Strategies and Writing Centre), and Career Services.  Learners are encouraged to visit 

the Faculty of Engineering and Applied Science Current Students web portal for information about 

various other policies such as academic advisors, registration, student exchanges, awards and 

scholarships, etc. 

 

http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct
http://queensu.ca/studentwellness/
http://www.desire2learn.com/products/accessibility/standards/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
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COURSE SCHEDULE 
 

CHEE 412  ||     Module overview 

Course learning outcomes (CLO): Students will be able to: 

1. Identify transport properties and analyze the mechanisms of molecular momentum, energy and mass transport. 
2. Select, locate and orient coordinate systems for transport phenomena problems (including rectangular and curvilinear).  
3. Formulate the differential forms of the equations of change for momentum, heat and mass transfer problems for steady-

state and unsteady flows. 
4. Create original solutions to fluid flow, heat transfer and mass transfer problems 
5. Create original solutions to combined fluid flow and heat transfer, heat and mass transfer and fluid flow and mass transfer 

problems 
6. Recognize non-Newtonian liquids and apply appropriate models to describe them. 

 
 

 

Students are expected to augment lecture material through reading of associated sections of the textbook, and to practice execution of 
course principles by completing posted problem sets  

Module Lecture approach and content Tutorial approach and content Assessment (CLO) 

Module 1 
(Wk 1) 

 Transport, Viscosity Lecture CLO1 
 
Material is included on test 1 

Module 2 
(Wks 2-3) 

 Equations of Change: Isothermal Lectures, assigned tutorial problems CLO2, CLO3, CLO4 
 
Material is included on test 1, assigned 
tutorial problems 

Module 3 
(Wk 4) 

 Unsteady (time-dependent) flow Lectures, assigned tutorial problems CLO2, CLO3, CLO4 
 
Material is included on test 1 

Module 4 
(Wks 5) 

 Polymeric Liquids Lectures, assigned tutorial problems CLO1, CLO3, CLO4, CLO6 
 
Material is included on test 1, assigned 
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tutorial problems 

Test 1    

Module 5 
(Wk 6) 

 Thermal Conductivity Lecture CLO1 
 
Material is included on test 2 

Module 6 
(Wks 7-8) 

 Equations of Change: Nonisothermal Lectures, assigned tutorial problems CLO2, CLO3, CLO4, CLO5 
 
Material is included on test 2, assigned 
tutorial problems 

Module 7 
(Wk 9) 

 Unsteady Heat Conduction Lectures, assigned tutorial problems CLO2, CLO3, CLO4, CLO5 
 
Material is included on test 2, assignment 

Test 2     

Module 8 
(Wk 10) 

 Diffusivity Lectures CLO1 
 
Material is included on test 3 

Module 9 
(Wk 11-13) 

 Equations of Change: Mixtures Lectures, assigned tutorial problems CLO2, CLO3, CLO4, CLO5 
 
Material is included on test 3, assigned 
tutorial problems 

Test 3    

 
 
 


