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COURSE SYLLABUS:  CHEE 452 TRANSPORT PHENOMENA IN PHYSIOLOGICAL 

SYSTEMS  (F 3-0-0.5  3.5) 

PERSONNEL 
 

Instructor:   Brian Amsden Joshua Raveendran 
Office:  1422 Biosciences Complex 
Email:   amsden@queensu.ca 
Office hours: to be determined 

Office: Dup 240 
Email: joshua.raveendran@queensu.ca 
 

 

CALENDAR DESCRIPTION 
This course is an introduction to the area of mass, momentum and heat transfer processes in 
physiological systems. In this course the student will appreciate the role of transport phenomena in the 
function of organs and organ systems in the body, and develop the skills necessary to analyze models of 
biological transport processes in the context of the design of biomedical devices. (0/0/0/42/0) 
PREREQUISITES:  CHEE 223 and CHEE 330, or permission of the department 
EXCLUSION:  CHEE 412 

OBJECTIVES AND OUTCOMES 
This course provides an overview of transport phenomena in biological systems that are critical to the 

function of all living organisms. The fundamental laws and equations of transport phenomena will be 

applied to topics including cellular, cardiovascular, respiratory, liver and kidney transport, blood flow 

and rheology, and circulation in tissues and arteries. The course objectives are to: 

1. Describe the roles of heat, mass and momentum transfer in the function of physiological 
processes 

2. Analyze and solve problems involving heat, mass, and momentum transfer in the body in the 
context of the design and application of biomedical devices for the treatment of injury and 
disease. 

 

Specific course learning outcomes include:  

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. Develop original solutions to fluid flow in compliant systems 
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6. Create original solutions to combined fluid flow and heat transfer, heat and mass transfer and 
fluid flow and mass transfer problems 

7. Recognize non-Newtonian liquids and apply appropriate models to describe them 
8. Understand and appreciate physiology of the cardiovascular system and how it can be modeled. 

 
 
This course assesses the following attributes: 

 Knowledge base (CLO 1-6): Analyzes transport of fluids (viscous fluid flow) in closed conduits 
and external flows CHEE-KB-FM-4; formulates and solves differential equations of heat transfer 
to calculate temperature distributions CHEE-KB-HT-2; Solves problems involving convective heat 
transfer using appropriate correlations CHEE-KB-HT-3; Formulates and solves differential 
equations of mass transfer to calculate concentration distributions CHEE-KB-MT-2; Solves 
problems involving convective mass transfer using appropriate correlations CHEE-KB-MT-3; 
Applies foundations of science, materials science, and engineering in biological, physiological, 
pharmaceutical and/or environmental problems or processes. CHEE-KB-BIO-2.  

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

RELEVANCE TO THE PROGRAM 
This course applies knowledge developed in the prior transport courses  CHEE 223, CHEE 224 and CHEE 
330 to problems that deal with physiological systems.  This course complements and expands 
knowledge developed in CHEE 340, Biomedical Engineering, and equips the students who follow the 
Biochemical Engineering option with knowledge that is essential in the understanding of transport 
processes in biological systems. 
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EXPECTATIONS FOR LECTURES/TUTORIALS 
Lecture slides will be posted in advance in the Course Learning Management System (LMS) or course 

website. The lectures will include material, examples, case studies, and problem solutions not contained 

in the posted slides. Problem sets are posted weekly, with the solutions posted the following week. 

These are not marked. Students are expected to undertake these problems to gain understanding of the 

course material. Students are expected to bring a copy of the tutorial problem(s) or material (posted in 

advance) to class 

RESOURCES(S) 
Recommended Textbook:  Roselli and Diller, Biotransport: Principles and Applications 

Other useful resource: Transport phenomena in biological systems, George A. Truskey, Fan Yuan, David 

F. Katz, 2004. On hold in the E&S Library. 

All course lecture slides, assignments and tutorials will be posted on online on the LMS. 

GRADING SCHEME 
Deliverable Week or Date Weight  

Midterms Week 5 and 8 25 (each) 

Final Exam Exam period 50 

 

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

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

the due date will be penalized at up to 15% per day unless suitable justification is provided.  

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 
The concepts in this course are complex, consistent with a 4th level course, and cover a wide range of 

topics. As such, significant effort and practice is required to formulate and solve problems efficiently and 

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

problems and tutorials. 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/ mid-terms/ 

exams.  

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 the 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 452  ||     Module overview 

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

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

state and unsteady flows. 
12. Create original solutions to fluid flow, heat transfer and mass transfer problems 
13. Develop original solutions to fluid flow in compliant systems 
14. Create original solutions to combined fluid flow and heat transfer, heat and mass transfer and fluid flow and mass transfer 

problems 
15. Recognize non-Newtonian liquids and apply appropriate models to describe them 
16. Understand and appreciate physiology of the cardiovascular system and how it can be modeled. 

 

 

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) 

 Overview of microscopic, 
macroscopic transport 

 review of mass, heat and 
momentum transfer mechanisms 

Lecture CLO1 
 
Material is included on test 1, final exam 

Module 2 
(Wk 2) 

 Presentation of the physiology of the 
cardiovascular system 

 non-Newtonian nature of blood 
 compliant nature of blood vessels 

and airway vessels 
 pulsatile nature of blood flow 

Lectures, tutorial problems CLO8 
 
Material is included on test 1, tutorial 
problems, problem sets 

Module 3 
(Wks 3-5) 

 development of macroscopic 
momentum balance, energy balance, 

Lectures, assigned tutorial problems, 
unmarked problem sets 1 and 2 

CLO2, CLO3, CLO4, CLO5, CLO7 
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Hagen-Poiseuille equation 
 hemodynamics and resistance to 

flow in blood vessels 
 compliance and resistance of flexible 

conduits 
 Windkessel model of arterial 

pressure 
 Simple Respiratory Flow Model 
 Wave propagation in compliant 

vessels 
 flow across semi-permeable 

conduits with respect to filtration of 
blood in capillaries 

Material is included on test 1, final exam 

Test 1   8 questions, covering CLO1-8  worth 25% 
of the mark 

Module 4 
(Wks 6-8) 

 Metabolism and regulation of body 
temperature 

 physiological radiative, convective, 
conductive heat transfer  

 heat transfer resistance in the body 

Lectures, tutorial problems, unmarked 
problems sets 3 and 4 

CLO1, CLO2, CLO3, CLO4, CLO6 
 
Material is included on test 2, assigned 
tutorial problems, problem sets 

Test 2    3 questions, covering CLO1-4, worth 25% 
of the mark 

Module 5 
(Wks 9-12) 

 Single phase mass transfer 
 transport between phases; diffusion 

across a membrane 
 cellular transport mechanisms 
 macroscopic species balances 
 compartmental analyses 
 microscopic species conservation 
 gas exchange in the lungs and tissues 

Lectures, tutorial problems, problem sets 5 
and 6 

CLO1,2,3,4,6,8 
 
Material is included on final exam 

Final Exam   Covers CLO1-8, worth 50% of the mark 

 


