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Course  Energy and Environment Academic year 2021/22 

Subject Thermodynamics ECTS 5.5 

Type of course Compulsory 

Year 1.º Semester 2nd sem. Student Workload: 

Professor(s) Jorge Pereira Gregório Total 154 Contact 60 

Area Coordinator  Rui Pitarma Ferreira  

 

 

1. LEARNING OBJECTIVES 

A - Develop an intuitive understanding of the basic principles of thermodynamics. 

B - Enable students to correctly identify the concepts and apply the basic principles of 

thermodynamics as well as using the correct methodology to solve problems involving 

thermodynamic properties. 

In particular, students will gain competencies to: 

B1 - Apply the principles of conservation of mass, conservation of energy and increase 

entropy; 

B2 - Apply the mass, energy and entropy balances to thermodynamic processes and 

actual equipment; 

B3 - Interpret and apply the concept of efficiency; 

B4 - Analyze the basic operation of a motor in general and of a thermoelectric plant in 

particular and determine its thermal efficiency; 

B5 - Use psychrometric chart as a tool for determining the properties of atmospheric 

air. 

 

2. PROGRAMME 

1. Basic concepts. 

1.1 Introduction; 

1.2 Thermodynamic applications; 

1.3 Dimensions and unit systems; 

PLANED SD 
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1.4 Forms of Energy; 

1.5 Thermodynamic Systems; 

1.6 Properties of the systems; 

1.7 State and thermodynamic equilibrium; 

1.8 Processes and cycles; 

1.9 Pressure; 

1.10 Temperature and Zeroth Law of Thermodynamics. 

 

2. Properties of substances. 

2.1 Introduction; 

2.2 Phases of substances; 

2.3 Phase change processes; 

2.4 Property diagrams; 

2.5 Surfaces pvT; 

2.6 Property tables; 

2.7 The ideal-gas equation of state; 

2.8 Real Gases; 

2.9 Other equations of state. 

 

3. First law of thermodynamics. 

3.1 Introduction; 

3.2 Heat; 

3.3 Work; 

3.4 Principle of energy conservation; 

3.5 Specific heats; 
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3.6 Thermodynamic analysis of control volumes; 

3.7 Steady-flow Processes; 

3.8 Unsteady-flow Processes. 

 

4. Second law of thermodynamics. 

4.1 Introduction; 

4.2 Thermal machines; 

4.3 Reversible and irreversible processes; 

4.4 The Carnot cycle and principles; 

4.5 Inequality of Clausius; 

4.6 Entropy; 

4.7 Principle of increase of entropy; 

4.8 Properties diagrams T-s; 

4.9 T-ds relations; 

4.10 Working compression; 

4:11 Isentropic efficiencies. 

 

5. Cycles of heat engines. 

5.1 General; 

5.2 Carnot cycle; 

5.3 Rankine cycle and steam turbines; 

5.4 Brayton cycle and gas turbines; 

5.5 Otto cycle; 

5.6 Diesel cycle; 

5.7 Combined cycles; 
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5.8 Other cycles. 

 

6. Psychrometry and moist air 

6.1 Introduction 

6.2 Gas mixtures 

6.3 Atmospheric humidity 

6.4 Dew-point temperature  

6.5 Adiabatic saturation temperature 

6.6 Psychrometric chart 

6.7 Human comfort and air conditioning 

6.8 Psychrometric transformations 

 

3. COHERENCE BETWEEN PROGRAMME AND OBJECTIVES 

The basic concepts of thermodynamics are taught throughout the course with particular 

focus on the first chapter. 

The second chapter presents the essential tools for the handling of thermodynamic 

properties. 

In the third and fourth chapter, the most important principles of thermodynamics are 

including the first and second law of thermodynamics respectively, which are the core 

of this course. 

The fifth chapter is intended for the energy analysis of the basic operation of a 

thermoelectric power plant. 

Finally, the sixth chapter discusses the substance atmospheric air understood as a 

mixture of dry air and water vapour. 

Throughout the course, whenever possible, gives emphasis to environmental and 

energy problems, that are relevant in other courses of the degree in energy and 

environment and then in practice in a work context. 
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4. MAIN BIBLIOGRAPHY  
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edição portuguesa, Mechanical Engineering Series, McGraw-Hill, Lisboa. [536.7 CEN] 

Moran, Michael J.; and Shapiro, Boettner, Daisie D., Bailey, Margaret B.; (2015) 

“Principios de Termodinâmica para engenharia” tradução de “Fundamentals of 

Engineering Thermodynamics”, 7rd Ed, SI Version, WILEY, New York. [536.7 MOR] 

Haar, Lester, Gallagher John S. and Kell, George S.; (1984) "NBS/NRC STEAM 

TABLES" Thermodynamic and transport properties and Computer Programs for Vapor 

and liquid States of Water in SI units, Hemispher Publishing, New York. [536.7 HAA] 
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IPG, Guarda. 
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Jones, J. B. and Hawkins G. A.; (1986) “Engineering Thermodynamics”, 2nd Edition, 

WILEY, New York. [536.7 JON] 
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Energética e exergética, Lidel edições técnicas, L.da, Lisboa. 

Almeida, Guilherme de; (2002) “Sistema Internacional de Unidades (SI)”, Grandezas e 

Unidades Físicas, terminologia, símbolos e recomendações, 3ª edição, Plátano 

edições técnicas, Lisboa. 

Sonntag, Richard E., Borgnakke, Claus; (2007) “Introduction to Engineering 

Thermodynamics”, 2nd Edition, WILEY, New York. 

 

5. TEACHING METHODOLOGIES (INCLUDING EVALUATION) 

The teaching methods used in class lectures and practices in the classroom or e 

learning (anti Covid-19 measures) are very varied and include interactive exhibition, 

dialogue and methods: demonstrative, interrogative, case studies and problem solving. 
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The orientation tutorial focuses on case studies, problem solving and answering 

questions submitted by students. 

As stated in the school regulations, the evaluation can be continuous by test, or final 

exam, at the normal time or recourse. Students with a grade equal to or higher than 10 

in any of the evaluation times, obtain approval for the course. 

Continuous assessment by frequency consists of two written tests. The first test is held 

in mid-May and is worth 9 points and the second held at the end of the semester on the 

date of the frequency is worth the remaining 11 values. The written tests are individual 

(in classroom or e learning). Students who do not get enough approval rating (10 points) 

over the two tests will be admitted to the examination. The exam consists of a written 

test. 

 

6. COHERENCE BETWEEN TEACHING METHODOLOGIES AND OBJECTIVES 

The teaching methods used in class lectures and practices such as interactive 

exhibition, dialogue and methods: demonstrative, interrogative, case studies and 

problem solving, allow the development of an intuitive understanding of the basic 

principles of thermodynamics and enable students to correctly identify the concepts 

and apply the fundamental principles of thermodynamics as well as using the correct 

methodology to solve problems involving mass balances energy and entropy. The 

methodologies employed contribute to understand the basic operation of a heat 

engines and analyze the energy point of view, one thermoelectric power plant and 

discuss the substance understood atmospheric air as a mixture of dry air and water 

vapour. 

The tutorials which it focus on case studies and problem solving mainly serve to 

complement lectures, theoretical and practical, with a close monitoring of the student 

to answer questions. Orientation sessions tutorials are also used to identify the 

contents where students have greater difficulty in order to take timely measures to 

reduce school failure. 

 

 


