COURSE OUTLINE: THERMODYNAMICS
1. GENERAL
	SCHOOL
	OF SCIENCES

	DEPARTMENT
	OF PHYSICS

	LEVEL OF STUDIES
	Level 6

	COURSE CODE 
	Υ303-2023
	SEMESTER
	3rd

	COURSE TITLE
	THERMODYNAMICS

	TEACHING ACTIVITIES 
If the ECTS Credits are distributed in distinct parts of the course e.g. lectures, labs etc. If the ECTS Credits are awarded to the whole course, then please indicate the teaching hours per week and the corresponding ECTS Credits.
	TEACHING HOURS PER WEEK
	ECTS CREDITS

	LECTURES
	4
	6

	
	
	

	
	
	

	Please, add lines if necessary. Teaching methods and organization of the course are described in section 4.
	
	

	COURSE TYPE
Background, General Knowledge, Scientific Area, Skill Development
	Scientific Area (Special Background)

	PREREQUISITES:

	-

	TEACHING & EXAMINATION LANGUAGE:
	Greek

	COURSE OFFERED TO ERASMUS STUDENTS:
	No

	COURSE URL:
	https://eclass.emt.duth.gr/courses/PHYSICS190/


0. LEARNING OUTCOMES
	Learning Outcomes

	Please describe the learning outcomes of the course: Knowledge, skills and abilities acquired after the successful completion of the course.

	The purpose of the course, which is a continuation of the Thermodynamics units taught in the General Physics I course, is to provide students with general knowledge about the ideal gas and the laws of Thermodynamics (from formulation to mention of reversible and irreversible changes, concepts such as thermal expansion, the Carnot cycle, thermodynamic engines, Fundamental characteristic functions, etc.). An introduction to the concepts of enthalpy and entropy, which will then be studied, will follow. There will be an extensive reference to gas reactions and the thermodynamics of dilute solutions. Applications will be made to the phase equilibrium diagram at the triple point. 

Upon successful completion of the course, the student will have acquired the ability to: 
· Understand the concept of ideal gases and real gases and how their laws apply to physical systems other than gases. 
· Understand the correlation of concepts such as pressure, temperature, and volume and be able to perform calculations of state variables in thermodynamic systems. 
· Understand the concepts of enthalpy and entropy. 
· Apply their knowledge to thermodynamics problems involving phase equilibrium diagrams.

	General Skills

	Name the desirable general skills upon successful completion of the module 

	Search, analysis and synthesis of data and information, 
ICT Use
Adaptation to new situations
Decision making
Autonomous work
Teamwork
Working in an international environment
Working in an interdisciplinary environment
Production of new research ideas
	Project design and management
Equity and Inclusion
Respect for the natural environment
Sustainability
Demonstration of social, professional and moral responsibility and sensitivity to gender issues
Critical thinking
Promoting free, creative and inductive reasoning

	· Search, analysis and synthesis of data and information, using the necessary technologies.
· Decision-making.
· Autonomous work.
· Work in an interdisciplinary environment.
· Generation of new research ideas.
· Exercise of criticism and self-criticism.
· Promotion of free, creative and inductive thinking. 


0. COURSE CONTENT
	Thermodynamic system, Control volume, Macroscopic perspective, Microscopic perspective, Properties and state of a substance, Processes and cycles, Specific volume and density, Pressure, Energy, Temperature equation, The zeroth law of Thermodynamics, Temperature scales, The pure substance, Phase boundaries, The P-v-T surface, Tables of thermodynamic properties, Two-phase states, States of liquid and solid, States of superheated vapor, States of the ideal gas, The compressibility factor, Equations of state, The energy equation, The first law of Thermodynamics, The definition of work, Work produced or consumed at the moving boundaries of a simple compressible system, Definition of heat, Modes of heat transfer, Internal energy – A thermodynamic property, The thermodynamic property of enthalpy, Specific heat at constant volume and constant pressure, Internal energy, enthalpy, and specific heat of ideal gases, General systems involving work, Thermal engines and refrigerators. The second law of Thermodynamics, The reversible process, Factors that render processes irreversible, The Carnot cycle, Efficiency of a Carnot cycle, The thermodynamic temperature scale, The ideal gas temperature scale, Ideal versus real engines, Clausius inequality, Entropy – A property of a system, Entropy of a pure substance, Change of entropy in reversible processes, Correlation of thermodynamic properties, Change of entropy of a solid or liquid, Change of entropy of an ideal gas, The reversible polytropic process for an ideal gas, Change of entropy of a control mass during an irreversible process, Entropy generation and the entropy equation, Principle of increase of entropy, The entropy equation for a control volume, Principle of increase of entropy, Conservation of energy and device efficiency, Exergy, reversible work and irreversibility, Efficiency based on the second law of Thermodynamics. Introduction to power systems, The Rankine cycle, Deviation of real from ideal cycles, Introduction to refrigeration systems, The vapor-compression refrigeration cycle, The Brayton cycle, The Otto cycle, The Diesel cycle, The Stirling cycle, The Atkinson and Miller cycles. 


0. LEARNING & TEACHING METHODS - EVALUATION
	TEACHING METHOD
Face to face, Distance learning, etc.
	Face-to-face. 

	USE OF INFORMATION & COMMUNICATIONS TECHNOLOGY (ICT)
Use of ICT in Teaching, in Laboratory Education, in Communication with students
	Use of ICT in Teaching. 
Use of ICT in Communication with students. 

	TEACHING ORGANIZATION
The ways and methods of teaching are described in detail.
Lectures, Seminars, Laboratory Exercise, Field Exercise, Bibliographic research & analysis, Tutoring, Internship (Placement), Clinical Exercise, Art Workshop, Interactive learning, Study visits, Study / creation, project, creation, project. Etc.

The supervised and unsupervised workload per activity is indicated here, so that total workload per semester complies to ECTS standards.
	
	Activity
	Workload/semester

	Lectures
	120

	Self-study
	30

	
	

	
	

	
	

	
	

	
	

	Course total (25 hours / ECTS)
	150




	STUDENT EVALUATION
Description of the evaluation process

Assessment Language, Assessment Methods, Formative or Concluding, Multiple Choice Test, Short Answer Questions, Essay Development Questions, Problem Solving, Written Assignment, Essay / Report, Oral Exam, Presentation in audience, Laboratory Report,Clinical examination of a patient,Artistic interpretation, Other/Others

Please indicate all relevant information about the course assessment and how students are informed  
	Student Assessment Languages
Greek

Methods (Formative or Concluding)
Concluding


Student Assessment 
Methods                              Percentage                        
Written Exam with           
Problem Solving                        100



0. SUGGESTED BIBLIOGRAPHY
	· M. Zemansky, «Θερμότητα και Θερμοδυναμική», Εκδόσεις Α. Γ. Πνευματικός, Αθήνα, 2015. 
· Ι. Γραμματικάκης, «Εισαγωγή στη Θερμότητα και τη Θερμοδυναμική», Εκδόσεις Leader Books, Αθήνα, 2012. 
			· C. Borgnakke, R. E. Sonntag, «Θερμοδυναμική», Επιστ. Επιμέλεια: Γ. Σκόδρας, Π. Παναγιωτοπούλου, 1η Έκδοση, Εκδόσεις ΚΡΙΤΙΚΗ, 2023.












