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COURSE OUTLINE 

 

Instructor 

Name: Vinh Q. Tang, Ph.D., P.Eng. 

Office Location: ME2186 

Email contact through cuLearn Mail 

Office hours: 13:50-14:20 Mondays and Wednesdays (by appointment) 

 

Introduction 

Energy and power generation have played an essential role in the development of societies, but 

the associated by-products and activities have also imposed stresses on the environment.  In the 

generation of power, the use of fossil fuels produces various pollutants, and the trend is 

increasing due to the global increases in the demand for energy.  Although significant technical 

means have been employed to reduce emissions and increase energy efficiency, these efforts 

alone are not sufficient to provide adequate environmental protection in the long term.  

Considerations for alternative means of power generation have called for burning less 

hydrocarbon fuel and adopting an energy mix that includes renewable sources (e.g., wind, solar, 

biomass) and nuclear power.  The “right” mix would depend on various local, national and 

international issues.  The use of nuclear energy would face the challenges in the control and 

manage of radioactive materials, but after balancing the risks, there is a believe that nuclear 

energy, being able to deliver a vast amount of energy from a very small amount of fuel 

(uranium), could be used to complement other renewable and non-renewable alternatives.  

 

In a nuclear power plant, the heat source comes from a fission process taken place within the 

fuel.  The generated heat energy is transferred to coolant to turn water directly or indirectly into 

steam, which in turn drives turbine generators to produce electricity.  The heat transport 

processes can be characterized by using the knowledge of thermodynamics, flow hydraulics and 

heat transfer, which is referred to as thermal hydraulic analysis.  Thermal hydraulic analyses 

have been widely used in the design and deterministic safety assessment of nuclear power plants. 

 

Course Objective 

The objective of the course is to describe the basic concepts and engineering methods used in the 

formulation of the analyses of thermal processes taken place in a nuclear system during normal 

operation and under postulated accident conditions.  The overall expected course outcomes are 

listed in the Appendix.   

 

Prerequisites 

- Thermodynamics I 

- Fluid mechanics I 



 

Lectures and Schedule 

Lectures will be held from January 9, 2017 through April 5, 2017, with the exception of the week 

of February 20, 2017. 

There will be two lectures per week: 

 Mondays from 14h35 to 15h55 in location CB2104 

 Wednesdays from 14h35 to 15h55 in location CB2104 

 

Lectures 

(approx.) 
Dates Topics 

Referenced 

Textbook 

  Part 1: Thermal Hydraulic Design Chapter 6 

1 Jan 9 CANDU Reactor Design 
Section 2.1 and 

Appendix A 

2 Jan 11 
Thermal Hydraulic Design 

Requirements 
Section 4 

3 Jan 16 
Thermal Hydraulic Design Limits 

and Margins 
Section 5 

4-6 

Jan 18 

Jan 23 

Jan 25 

Thermal Hydraulic Design 

Fundamentals 
Section 6 

7-15 

Jan 30 

Feb 1 

Feb 6 

Feb 8 

Feb 13 

Feb. 15 

Heat Transfer and Fluid Flow Design 
Section 7 

 

BREAK Feb 20-24 BREAK BREAK 

7-15 

(continued) 

Feb. 27 

Mar. 1 

Mar. 6 

Heat Transfer and Fluid Flow Design 

(continued) 

Section 7 

(continued) 

  
Part 2: Thermal Hydraulic 

Analysis 
Chapter 7 

16 Mar. 8 
Basic Equations for Thermal 

Hydraulic System Analysis 
Section 2 

17 Mar. 13 Nodalization Section 3 

18-20 

Mar. 15 

Mar. 20 

Mar. 22 

Equation of State Section 4 

  Part 3: Safety Regulations 

IAEA’s and 

Canadian Nuclear 

Safety 

Commission’s 

Documents  

21-24 

Mar. 27 

Mar. 29 

Apr 3 

Apr 5 

Introduction to regulatory guides and 

requirements related to reactor design 

and safety analysis 

Lecture Notes 

 

 



 

References: 

“The Essential CANDU, A Textbook on the CANDU Nuclear Power Plant Technology”, Editor-

in-Chief Wm. J. Garland, Chapters 6 & 7, University Network of Excellence in Nuclear 

Engineering (UNENE), ISBN 0-9730040. 

 

Other reading material: 

 

1. “NUCLEAR SYSTEMS I Thermal Hydraulic Fundamentals”, Neil E. Todreas and Mujid 

S. Kazimi, Hemisphere Publishing Corporation, 1990. 

2.  “Fundamentals of Heat and Mass Transfer”, Incropera, DeWitt, Bergman, Lavine, John 

Wiley and Sons, Sixth Edition, 2007. 

3. “Deterministic Safety Analysis”, Regulatory Document REGDOC-2.4.1 , Canadian 

Nuclear Safety Commission (CNSC), 2014. 

4. “Design of Reactor Facilities: Nuclear Power Plants”, Regulatory Document REGDOC-

2.5.2, Canadian Nuclear Safety Commission (CNSC), 2014. 

5. “Deterministic Safety Analysis For Nuclear Power Plants”, IAEA Safety Standards 

Series No. SSG-2, 2009. 

 

Quiz 
Three half-and-hour quizzes will be scheduled in class during the course. 

 

Final exam 

The final exam will be scheduled by the university during the final exam period.  This will be an 

open-book examination.  Standard calculators will be permitted but not laptops, tablets, etc. 

 

Marking Scheme 

The final course grade will be determined according to the following: 

 

Quizzes  30% 

Final exam 70% 

 

According to the policy of the Faculty of Engineering and Design, the final examination is for 

evaluation purposes only and the marked final examination papers will not be returned to the 

students. 

 

Academic accommodation 

 

The Paul Menton Centre for Students with Disabilities (PMC) provides services to students with 

Learning Disabilities (LD), psychiatric/mental health disabilities, Attention Deficit Hyperactivity 

Disorder (ADHD), Autism Spectrum Disorders (ASD), chronic medical conditions, and 

impairments in mobility, hearing, and vision. If you have a disability requiring academic 

accommodations in this course, please contact PMC at 613-520-6608 or pmc@carleton.ca for a 

formal evaluation. If you are already registered with the PMC, contact your PMC coordinator to 

send me your Letter of Accommodation at the beginning of the term, and no later than two weeks 

before the first in-class scheduled test or exam requiring accommodation (if applicable). 

mailto:pmc@carleton.ca


Requests made within two weeks will be reviewed on a case-by-case basis. After requesting 

accommodation from PMC, meet with me to ensure accommodation arrangements are made. 

Please consult the PMC website (www.carleton.ca/pmc)  for the deadline to request 

accommodations for the formally-scheduled exam (if applicable). 

 

  

http://www.carleton.ca/pmc


Appendix 

 

Course Outcomes 
 

 

Part 1: Students who have successfully passed this course should have gained: 

 An understanding of the principles and concepts of thermal-hydraulic design of nuclear 

reactors. 

 Knowledge of general design principles, with a focus on the main parameters, design 

limits, and thermal-hydraulic margins by which the thermal-hydraulic design is 

characterized. 

 An understanding of the design concepts and key features of the primary and secondary 

heat transport systems. 

 Knowledge to certain level of detail of the heat transfer and fluid flow and the heat 

transfer methodology used in the thermal hydraulics of the reactor heat transport system. 

 A basic knowledge of unique CANDU thermal-hydraulic features and behaviour. 

 

Part 2: Students who have successfully passed this course should be able to: 

 Explain the roles played by mass, flow, energy and pressure in thermal hydraulic 

simulation. 

 Explain how appropriate forms of the governing equations are derived and use, and 

develop basic flow diagram for a thermal hydraulic system simulator from first 

principles. 

 Recognize key physical phenomena. 

 Recognize the coupling between mass, momentum, energy and pressure in thermal 

hydraulic systems. 

 Develop, with justification, a node-link diagram given a thermal hydraulic system. 

 Construct the matrix form of the conservation equations for a given node-link structure. 

 Explain how a dependent thermodynamic property can be calculated given two 

independent state variables, using (a) the steam tables, (b) supplied codes, (c) supplied 

curve fits to the steam tables. 

 Explain how to develop a flow diagram and pseudo-code for the calculation of pressure 

and temperature for given a density and enthalpy . 

 

Part 3: Students who have successfully passed this course should have sufficient knowledge of the 

safety guides and requirements related to the design and deterministic safety analysis of mainly CANDU 

nuclear power plants, in order to be able to: 

 Explain the safety concept of defence in depth and identify all levels of defence in depth. 

 Identify (i) common categories of postulated initiating events that should be analyzed in 

the reactor deterministic safety assessments, (ii) basis for the event classifications 

including the association of each event category with a defence in depth level, and (iii) 

examples of typical initiating events in each category. 

 Identify the safety analysis objectives for each of the initiating event categories. 

 Identify key quantitative and qualitative safety analysis acceptance criteria for each 

category of initiating events and the bases for the criteria. 



 Explain the general bases for the analysis methodology for each event category. 

 Identify the conceptual differences among the following analysis methods: conservative 

analysis; best estimate analysis; and best estimate with evaluation of uncertainties. 

 Identify typical sources of uncertainties in safety analysis, and recognize the need for 

uncertainty analysis. 

 Explain the concept of conservatism in safety analysis. 

 Recognize the use of conservatism in safety analysis. 

 Recognize major pitfalls in the use of conservatism. 


