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COURSE SYLLABUS:  CHEE 330, HEAT AND MASS TRANSFER (F 3-0-.5 3.5  3.5) 

PERSONNEL 

SEE COURSE HOMEPAGE ONQ 

 

COURSE DESCRIPTION 

This course follows a unified approach to introduce the physical origins and rate equations of heat and 

mass transfer. The principal topics covered include identification of the driving forces for heat and mass 

diffusion, development of transport models from first principles, steady state and transient solutions, and 

convective transfer. The boundary layer analogies are introduced. Closed form analytical solutions and 

correlations derived from dimensional analysis are used to estimate the heat and mass transfer 

convection coefficients. (0/0/0/42/0) 

 

OBJECTIVES AND OUTCOMES 

The principal objective of the course is to provide the necessary tools to help engineers design and operate 

processes and unit operations in chemical engineering and engineering chemistry. The students will learn 

how to identify the fundamental heat and mass transfer mechanisms. The course will teach the concepts 

and methodology needed to develop mass and energy balances and to simplify them and obtain solutions 

that are applicable to real problems. 

Specific course learning outcomes include:  

1. Identification of mechanisms of heat and mass transfer. Formulation of rate equations. 

2. Development of transport models based on the differential equations of heat and mass transfer 

and their simplified forms; identification of suitable boundary conditions.  

3. Solutions of the differential equations for steady-state, one-dimensional problems; solutions for 

non-steady state problems. 

4. Estimation of heat and mass transfer coefficients based on dimensional analysis, boundary layer 

analysis and similarity between momentum, heat and mass transfer. 

5. Solution of problems involving  convective heat and mass transfer in one phase and two phase 

systems 

 

This course assesses the following attributes: 

Knowledge base for engineering – KB-HT, KB-MT (CLO 1-5): 

 Calculates heat transfer rates and temperature distributions in engineering applications 
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 Calculates mass transfer rates and concentration distributions in engineering applications 

 

Problem analysis: Selects and applies appropriate quantitative models, analyses, and boundary conditions 

to solve problems. (CLO 2, 3) 

RELEVANCE TO THE PROGRAM 

This engineering science course covers aspects of heat and mass transfer, which together with fluid 

mechanics comprise one of the corner stones of chemical engineering and engineering chemistry, the so-

called "transport courses". The engineering science skills taught in this course are required for 3rd year 

courses (CHEE 331/332/333 – Design and scale-up of unit operations, CHEE 323 – Industrial catalysis) and 

4th year courses (CHEE 412-Transport Phenomena in Chemical Engineering, CHEE 470-Design of 

Manufacturing processes, CHEE 442 – Introduction to biomedical engineering).  

The course assumes knowledge of 2nd year fluid mechanics and thermodynamics. 

COURSE STRUCTURE AND ACTIVITIES 

3 lecture hours + 1 tutorial hour per week.  Refer to Queen’s online tools for times and schedules. 

EXPECTATIONS FOR LECTURES/TUTORIALS  

Lecture slides will be posted in advance on the CHEE 330 Learning Management System. Lectures will 

include examples and problem solutions not contained in the posted slides. Students are expected to read 

associated sections and study worked examples provided in the textbook and through the course LMS. 

The tutorial problems are posted on the LMS. Maximum benefits can be gained only if students come 

prepared for the tutorial sessions by studying the questions in advance. 

RESOURCES(S) 

 

RESOURCES 

Mandatory Textbook: "Heat and Mass Transfer", by Welty, Rorrer and Foster (WRF). This custom 

textbook is available from the campus bookstore in hard copy and e-book formats. It is compiled from the 

textbook "Fundamentals of Momentum, Heat, and Mass Transfer" by the same authors, 6th edition, 

published by Wiley in 2015 (Chapters 15-30). This custom textbook is listed as mandatory. The original 

textbook is acceptable. Please note that the 5th edition of the same textbook by Welty, Wicks, Wilson, 

Rorrer (WWWR) is also acceptable (2008). 
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Secondary textbooks: Bergman, T.L., Lavine, A.S., Incropera, F.P. and DeWitt, D.P., "Fundamentals of heat 

and mass transfer", 7th Ed. Wiley (Incropera). Brodkey, R.S. and Hershey, H.C., “Transport Phenomena: A 

Unified Approach”, McGraw-Hill (Brodkey). A copy of each of these textbooks has been placed on reserve 

at Queen’s Library. 

 

All course materials (e.g. class notes; tutorials; assignments; problem sets; equation sheets, etc.) are 

available on the CHEE 330 onQ site, which is the primary LMS used for this course. If you are registered 

for the course, you can access this information at https://courses.engineering.queensu.ca/.  

 

GRADING SCHEME  

Deliverable Week or Date Weight  

Midterm  Week 6-7 40% 

3 Assignments (in groups of 2 or 3)* TBA 10% 

Final Exam Exam period 50% 

*Depending on enrollment 

 

Students are expected to complete their work in a timely fashion. The course instructor will provide 

notification (in lecture and on course website/Moodle) of due dates and any revisions thereof. 

Submissions after the due date will be penalized at up to 25% per day unless suitable justification is 

provided.  

Students must pass the individual examination 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 

This course incorporates a significant amount of complex engineering science concepts. Significant effort 

and practice is required to master all the course material and to formulate and solve problems efficiently 

and correctly. Students are encouraged to make use of all resources available, including the textbook, 

solved problems, interactive tutorials etc.  

Students are expected to utilize the concepts and to implement the methods taught in class to tackle a 

variety of problems that they may encounter in assignments/ midterms/ exams. 

https://courses.engineering.queensu.ca/
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
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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://www.peo.on.ca/Ethics/code_of_ethics.html 

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 students 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.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 

shall be taken, as required by the Faculty of Applied Science policy on academic integrity: 

http://appsci.queensu.ca/policy/Honesty.html.  

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

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

themselves accordingly. 

1. Senate Policy on Academic Dishonesty  

2. Procedures for dealing with departures from academic integrity in the Faculty of Engineering and 

Applied Science 

3. Queen's code of conduct 

INDIVIDUAL NEEDS 

Students 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 me 

and/or the Disability Services Office as soon as possible at (613) 533-6740. The Disability 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 Health, Counselling and Disability Services 

website. 

http://www.peo.on.ca/Ethics/code_of_ethics.html
http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/academicintegrity.html
http://appsci.queensu.ca/policy/Honesty.html
http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/Code_of_Conduct_final_2008.pdf
http://www.queensu.ca/hcds/
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COURSE SCHEDULE 

CHEE 330       ||     Module overview 

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

1. Identification of mechanisms of heat and mass transfer. Formulation of rate equations. 

2. Development of transport models based on the differential equations of heat and mass transfer and their simplified forms; identification 

of suitable boundary conditions.  

3. Solutions of the differential equations for steady-state, one-dimensional problems; solutions for non-steady state problems. 

4. Estimation of heat and mass transfer coefficients based on dimensional analysis, boundary layer analysis and similarity between 

momentum, heat and mass transfer. 

5. Solution of problems involving  convective heat and mass transfer in one phase and two phase systems 

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 Tutorials** 
Tutorial and practice 

problems are available on 
Moodle 

Assessment (CLO, and % of course 
grade) 

Module 1 
(Wks 1-6) 

Topic I: Introduction to Heat and Mass Transfer 
 
Topic II: Fundamentals of Heat Transfer (CLO1, CLO3) 

 Modes of heat transfer 
 Conduction 
 Thermal propteries 
 Convection 
 Radiation 
 Combined mechanisms of steady state heat transfer 

 
Topic III: Fundamentals of Mass Transfer (CLO1, CLO3) 

 Molecular mass transfer, Fick's rate equation 

 The diffusion coefficient 

 Introduction to convective mass transfer 

 
 
 
 
 
 
 
 
 
 
 
Tutorials 1-6 (CLO1, CLO3) 

 
 
 

 
 
 
 
 
 
 
Material is included on mid-term 
(CLO1, CLO3) 
 
 
 
 
Group assignment #1 (3.33%, 
CLO1, CLO3) 
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 Steady-state molecular diffusion 

 

 
 
 

 
 
 

Midterm 1 Covers Module 1   
 
 
 

Midterm exam 1: Questions (which 
may include multiple choice type 
questions) and problems which will 
target CLO1 and 3, worth 40% of 
course grade 

Module 2 
(Wks 7-10) 

Topic IV: Differential Equations of heat and mass transfer – 
Solutions for one dimensional steady-state and transient 
problems (CLO2, CLO3) 
 

 Conservation of Energy Equation 
 Derivation of Differential Energy and Mass Equations 
 Special forms 
 Boundary conditions 
 Solutions for 1D, steady-state conduction without 

heat generation 
 Solutions for 1D, steady-state conduction with heat 

generation 
 Solutions for 1D systems with chemical reaction 
 Unsteady-state heat and mass transfer 

 

 
 
 
 
 
 
 
 
 
Tutorials 7-10 (CLO2, CLO3) 

 
 

 
 
 
 
 
 
 
Material is included on final (CLO2, 
CLO3) 
 
 
Group assignment #1 (3.33%, 
CLO2, CLO3) 
 

Module 3 
(Wk 10-11) 

Topic V: Convective heat and mass transfer (CLO4, CLO5, 
CLO6) 
 

 Dimensional analysis 

 Boundary layer analysis 

 Momentum, heat and mass transfer analogies  

 Convective heat and mass transfer calculations 
 

 

 
 
 

Tutorial 10, 11 (CLO4, 
CLO5) 

 

 
 
Material is included on final (CLO4, 
CLO5) 
 
Group assignment #3 (3.33%, 
CLO4, CLO5) 
 



 

7 

 

Module 4 
(Wk 12) 

Topic VI: Convective Mass Transfer between Two Phases 
(CLO5,CLO6) 
 

 Two-resistances theory 

 Individual and overall mass transfer coefficients 
 

 
 
 

Tutorial 12 (CLO5) 

 
 
 
Material is included on final  (CLO5) 
 

EXAM Covers Module 2-4  Final exam: Questions (which may 
include multiple choice type 
questions) and Problems which will 
target all CLO, worth 50% of course 
grade  

*Lecture content delivery through lecture materials available in power-point, in-class examples and solutions, true or false trivia. 

** Review lectures are sometimes presented during the tutorial time slots. 

 
 


