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Classroom no:  ??? 
Class times:    Monday 13:45 - 15:45  &  Thursday 8:45 - 10:45 

 
Instructors:    Dr. ir. N.A.M. (Klaas) Besseling     
Email:    k.besseling@ucr.nl  
Tel:  
Office no. & location:  Eleanor 2.9    
Office hours:   By appointment   
 
 
1. Track information 
This course is part of the Mechanical Engineering track within the Department of Engineering.  

a) Prerequisites for this course: none.  
b) This course serves as prerequisite for 200-levels in the Mechanical Engineering track.  
c) Other courses which are relevant to this course, perhaps as part of a minor:  

a. Courses in other Engineering tracks, including the Engineering projects 
b. Courses in Science tracks such as physics, chemistry and earth science 

 
 
 
II. Course description 
This course aims to convey the fundamental elements of thermodynamics. Definitions and basic 
applications of the first and second law are discussed. A variety of state functions like energy, 
enthalpy and entropy are defined and extensively used. The theory of phase changes is 
discussed and illustrated with various phase diagrams. Students will learn the characteristics and 
efficiencies of a variety of thermodynamic cycles including Carnot, Diesel, Otto, and Rankine. 
 
In addition to giving students a basic theoretical background, many practical applications of 
thermodynamics are reviewed throughout the course. These include heat engines, combustion 
engines, turbines, heat pumps and cooling systems. We will study both closed systems, where 
no matter can move in or out, as well as open systems where matter can pass through. 
Students also consider the relationship between engineering and society. They will analyze early 
energy transitions like those of the industrial evolution and the introduction of the combustion 
engine.  By the end of the course students combine their insights in thermodynamic processes 
to optimize a power plan with regard to cost, environmental impact or other criteria. 
 
Throughout the course students will also work on further developing academic skills: they will 
write a paper, extensively practice problem-solving skills, do group work, and orally present 
results.  
 
 
III.  Study Load  
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This course earns students four credits (equivalent to 7.5 ECTS). The class meets twice a week 
for two hours. Preparation time is approximately 10 hours per week.   
 
 
IV. Course materials   

a) Required books and literature:  
For this course a number of free open-source textbooks and educational 
websites, depositories and simulators will be used. Some of the sources include 
• Openstax University Physics Volume 2 ‘Thermodynamics’ 

 https://cnx.org/contents/eg-XcBxE@15.1:Gofkr9Oy@20/Preface 
• BC Open Textbooks ‘Thermodynamics’ 

https://opentextbc.ca/physicstestbook2/ 
 
An extensive series of short(ish) web lectures is published on 
• Ilectureonline 

http://www.ilectureonline.com/ 
 
A large number of simulations have been developed at the University of 
Colorado and are available at 
 https://phet.colorado.edu/en/simulations/category/new 
 
Throughout the semester, the instructor will supply students with handouts that 
describes course materials with references to the literature to be studied.  
 

b) Recommended books and literature: 
Students are encouraged to seek additional sources for themselves. They should 
check with instructors that the content and level of their newly found materials 
is appropriate for the course. 

 
c) Other materials:  

Any additional information that students need for particular elements of the course 
will be made available on Moodle. 

 
 
V. Course organization and requirements 
 
Each week there will be two classroom meetings. During these sessions we will: 

- discuss the supplied material, and check key concepts are clear. 
- review essential parts of theory and work on problems to build understanding 
- focus on some technical details that turn out the most difficult for the students 
- many weeks will feature an ungraded ‘concept test’ or other in-class assignment, 

which serves to identify what key concepts are clear to students. 
 
Class attendance is mandatory. If you can’t make it, email the instructor in advance. In case of 
multiple absences, the rules of the student handbook (paragraph 3.3) apply. As class sizes are 
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small, students can easily make appointments outside regular class hours for extra help on 
whatever subject. 
 
Homework in a given week is due on Thursdays. Please hand it in during our class session.  
As long as the ‘Covid lockdown’ lasts, homework is to be uploaded to Moodle, at the 
designated location. Normally you will get feedback on your work the following week. The 
assigned problems can be found in the calendar below. On homework that is handed in late, the 
instructor will generally deduct 10% (from a 0-100 scale) for each day the work is late. 
 
For any announcements of the instructor, the course Moodle functions as the official channel of 
communication. Please check it very regularly so you don’t miss important information. 
 
This course is subject to UCR academic rules and procedures. Both students and instructors 
are required to know and follow these rules and procedures. 
 
 
VI. Assessment 
 
Assessment: assignments & distribution 
 
Students will be assessed on four components: a writing assignment, several homework 
assignments, exams and an optimization project. These assignments contribute to the final 
course grade with the following weights: 
 
15% Writing assignment 
25% Homework assignments (three assignments of equal weight) 
40% Exams (two exams of equal weight) 
20% Project 
 
Assessment: content & criteria 
 
Writing assignment ‘Early energy transitions’ 
Few branches of science and engineering have affected society as much as thermodynamics has. 
The development of the steam engine started the industrial revolution, and step by step all of 
society has become mechanized and motorized. So, the energy transition we are currently 
discussing certainly isn’t the first one. In this assignment, you are asked to write about an 
energy transition of the past. What was the technology involved? Who (or what) were the 
drivers for change? How was the transition organized? What where the benefits and costs, and 
who received the benefits and paid the costs? What went well, what did not go well? What 
lessons can we learn from the past? 
 
Students are asked to write a paper of 500-750 words for a non-expert audience on a topic 
related to energy transitions in the past. You submit your proposed topic plus bibliography in 
week 2. After the topic is approved, you submit a draft paper by week 5. After having received 
personalized feedback from the instructor, you submit your final version in week 9. Basic 
assessment criteria include: 
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Structure of paper 
- Begin with a clear statement of the topic 
- The structure of your text reflects the arguments you use, key arguments clearly stands out  
- Illustrations and infographics support the text 
- The layout of text on the page looks neat and orderly 
Reasoning in paper 
- Explain and/or define terminology and concepts 
- Follow a clear and logical line of reasoning 
- Place results in scientific and historical context 
- Where appropriate, use examples to clarify concepts or illustrate results 
Language in paper 
- Terminology is at the right level of difficulty for the intended lay(!) audience 
- Keep sentences short, use simple and correct words  
- Use correct grammar and word combinations 
- Keep language unambiguous by flagging metaphors, analogies etc. 

 
 
Homework assignments 
To thoroughly grasp concepts and successfully solve problems, a lot of practice is required. You 
are expected to hand in all assignments on time. You will receive a grade for every homework 
set. You can also get credit if you don’t have all the right answers – you probably learn most 
from your mistakes! In case you can’t (completely) solve an assignment, write down where and 
why you got stuck. (This enables the instructor to help you.) Depending on how far you got 
with the assignment and on how well you have formulated your problem, you will receive 
partial credit.  
 
Exams 
The type and difficulty of the exam questions is identical to the homework assignments. The 
contents of an exam emphasize the material that is most recently covered, but of course all 
course material covered prior to the exam may be included.  
 
Project ‘Power plant optimization’ 
Groups of 2-3 students work with a simulation of a power plant, and use their knowledge of 
thermodynamics to optimize the power plant with respect to a certain criterion. This could be 
the cost per unit energy output (Euro/kWh), the amount of CO2 per unit energy output (ton 
CO2/kWh) or another measure. Students keep a log on their activities and the results of tested 
scenarios. They write a brief report on their findings and present their results to fellow 
students. 
The project is assessed on the level of difficulty of the used models, the achieved results, the 
completeness of their logs, the level of independence, the correctness of the analysis, the clarity 
and thoroughness of the report, the quality of the presentation, the quality of answers to 
questions. 
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VII. Course schedule  
 
Time Topics to be discussed Course material used Assignments 

and assessment 
Week 1  
1 – 5 Feb 

Introduction; What is 
Thermodynamics? 
Internal energy 
Ideal gas 

PPT handout to be 
distributed via Moodle 

 

Week 2  
 

First law 
Work, heat, thermodynamic 
processes 

Open-source texts to be 
distributed via Moodle 

Propose paper 
topic + 
bibliography 

Week 3 
 

First law and applications 
heat capacity, adiabatic 
process, enthalpy 

Open-source texts to be 
distributed via Moodle 

Submit homework 
set 1 

Week 4 
 

Second law 
(ir)reversible process, Heat 
engines, entropy 

Open-source texts to be 
distributed via Moodle 

 

Week 5 
 

Second law and applications, 
Carnot cycle, 
Isentropic process 

Open-source texts to be 
distributed via Moodle 

Submit draft paper 

Week 6 
 

Closed system cycles and 
efficiency: Otto cycle, Diesel 
cycle, 2- and 4- stroke 
internal combustion engine  

Open-source texts to be 
distributed via Moodle 

Submit homework 
set 2 

Week 7 
 

review  Sit Exam 1 

F A L L   B R E A K 
Week 8 
 

Phase transitions, Non-ideal 
Van der Waals gas 
Rankine cycle for a steam 
engine 

Open-source texts to be 
distributed via Moodle 

 

Week 9 
 

Open systems: Heat 
exchanges, mass flows 

Open-source texts to be 
distributed via Moodle 

Submit final paper 

Week 10 
 

Refrigerators and heat pumps Open-source texts to be 
distributed via Moodle 

 

Week 11 
1 

Open systems, gas turbines, 
isentropic efficiency, Brayton 
cycle 

Open-source texts to be 
distributed via Moodle 

Submit homework 
set 3 

Week 12 
 

Power plant optimization Open-source texts to be 
distributed via Moodle 

 

Week 13 
 

Power plant optimization   

Week 14 
 

Power plant optimization  Submit 
optimization 
report 
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Week 15 
 

review  Sit Exam 2 

 
 
VIII. Student learning outcomes 
 
Learning outcomes are color-coded in the following categories: 

•  Theoretical knowledge 
•  Knowledge of practical applications 
•  Academic skills 

 
Period Teaching activities Student is able to do 
Period 1 
Weeks  
1–4 

Interactive class 
sessions 
Individual feedback on 
formative and 
summative assessment 

Comprehend and apply concepts related to the molecular 
basis of thermodynamics, Ideal gases, Heat and Work, 
the First and Second law, and various State functions. 
Comprehend how engineering (thermodynamics) affects 
society (energy transitions) and vice versa. 
Solve problems in a structured and logical way, and 
clearly communicate solution. 

Period 2 
Weeks  
4–7 

Interactive class 
sessions, individual 
feedback on formative 
and summative 
assessment 

Comprehend and apply concepts related to the Second 
law, Entropy, closed systems, various cycles and 
efficiencies. 
Comprehend how engineering (thermodynamics) affects 
society (energy transitions) and vice versa. 
Comprehend and apply thermodynamic characteristics of 
combustion engine and other machines. 
Solve problems in a structured and logical way, and 
clearly communicate solution. 

Period 3 
Weeks 
8–11 

Interactive class 
sessions, individual 
feedback on formative 
and summative 
assessment 

Comprehend and apply concepts related to phase 
transitions, the Rankin cycle and various open systems. 
Comprehend and apply thermodynamic characteristics of 
cooling systems and other machines. 
Solve problems in a structured and logical way, and 
clearly communicate solution. 

Period 4 
Weeks 
12–15 

Interactive class 
sessions, feedback 
meetings of project 
groups, discussion and 
student presentation 
of findings.  

Analyze and synthesize concepts previously covered in 
course. 
Analyze and apply thermodynamic concepts to a 
complicated system like a power plant, analyze 
environmental and societal consequences of choices. 
Solve problems in a structured and logical way, and 
clearly communicate solution. 
Report on obtained results orally and in writing. 

 
 
IX. Appendices [Course specific materials, e.g. guidelines for essays, presentations, etc.] 
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All additional materials will be published on Moodle 


