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	Generic information

	Head of Course
	Fran Torbarina, Ph.D.

	Course
	Thermodynamics and heat transfer

	Study Programme
	Marine Engineering

	Level
	Undergraduate

	Type of Course
	STCW - obligatory

	Year of Study
	2
	

	Estimated Student Workload and Methods of Instruction
	ECTS coefficient of Student Workload
	7

	
	Number of Hours (L+E+S)
	60 + 30 + 0




	1.   GENERAL COURSE DESCRIPTION

	1.1. Course Objectives 

	Understanding and knowing how to describe thermal state of fluids and solids, the conversion of heat into other forms of energy, various thermal processes and machines and heat transfer mechanisms.

	1.2.  Prerequisites for Course Registration 

	-

	1.3.  Expected Learning Outcomes  

	After attending and passing the course, students will be able to:
1. Define properties of state, concept of equilibrium and laws of thermodynamics
2. Explain and analyse the energy conservation law, transfer of energy, thermodynamic work and First law of thermodynamics
3. Define and explain the properties of the substance, ideal gases, specific heat and mixing of gases and vapours.
4. Explain and analyse thermodynamic cycles, reversible and irreversible processes, entropy, enthalpy and loss of work in irreversible processes.
5. Define and explain vaporization and liquefaction, steam and cooling processes and cycles, carnotization of steam cycles, exergy and anergy.
6. Define, explain and analyse heat transfer, dimensionless numbers, thermal insulation and greenhouse effect.
7. Calculate and demonstrate overall heat transfer and capacity of heat exchanger.



[image: ]Sveučilište u Rijeci • University of Rijeka 
Trg braće Mažuranića 10 • 51 000 Rijeka • Croatia T: (051) 406-500 • F: (051) 216-671; 216-091
W: www.uniri.hr • E: ured@uniri.hr






	1.4.  Course Outline 

	
· Introduction, properties of state, the concept of equilibrium, Zeroth law of thermodynamics, aggregate states, Molecular-kinetic theory of thermodynamics, gas pressure and volume.
· The first law of thermodynamics, heat transfer, conservation of energy, Joule’s experiments, internal energy, the First Law, the Ideal gas law, thermodynamics work, Avogadro’s principle, specific heat capacity, ideal gas mixtures, ideal gas state changes.
· The Second law of thermodynamics, thermodynamics cycles, Carnot and Joule’s cycles, reversible and irreversible process, Second law equation, Entropy, maximum work, technical work, Enthalpy, loss of work in irreversible process.
· Vaporization and Liquefaction, Phase diagram, Critical point, Triple point, Sublimation, vaporization heat exchange, Clapeyron-Clausius equation, state changes of vapor, steam cycles processes, Carnotization of steam process, the Mollier diagram of Entalpy (h-s chart), Exergy and Anergy, Cooling process
· Heat transfer, thermal Conduction, thermal Convection, Overall heat transfer, Dimensionless Nusselt, Reynolds, Prandtl and Grashof Numbers, thermal Radiation, Greenhouse effect.



	
1.5.  Modes of 
Instruction  
	 X   Lectures
|_| Seminars and workshops  
 X   Exercises  
|_| E-learning
[bookmark: Check9]|_| Field work
	[bookmark: Check5]|_| Practical work  
|_| Multimedia and Network  
[bookmark: Check7]|_| Laboratory
[bookmark: Check8]|_| Mentorship
[bookmark: Check10]|_| Other 

	1.6.  Comments 
	

	1.7.  Student Obligations  

	Students are required to:
attendance at min. 70 % of lectures,
passing all written exams (min. 50% ) – Continuous Assessment
final exam – Oral exam

	1.8. Assessment1 of Learning Outcomes 

	Course attendance
	3
	Class participation
	   
	Seminar paper
	   
	Experiment
	   

	Written exam
	   
	Oral exam
	1,5
	Essay
	   
	Research
	   

	Project
	   
	Continuous Assessment
	2,5
	Presentation
	   
	Practical work
	

	Portfolio
	
	
	
	
	
	
	






	1.9.  Assessment of Learning Outcomes and Examples of Evaluation during Classes and on the Final Exam  

	The procedure of evaluating the accomplished learning outcomes is carried out according to the Ordinance 
on Studies of the University of Rijeka and the Ordinance on Studying at the Faculty of Maritime Studies 
in Rijeka as follows:
· 70% of the accomplished learning outcomes is evaluated through continuous testing of knowledge during classes
· 30% of the accomplished learning outcomes is evaluated at the final exam. To pass the final exam, a student must realize a minimum of 50% of the final exam points
Continuous assessment:
1. Written exam – theory – learning outcomes 1 – 5
2. Written exam – exercises – outcomes 1 – 5
3. Written exam – exercises – outcomes 6 and 7.
Final exam:
On final oral exam complete field of Thermodynamics and heat transfer is assessed (learning outcomes 1 – 7) with particular reference to learning outcomes 6 and 7.

Examples of assessment for outcome:
1. Define and analyze at least 6 properties of state with their units. (Outcome 1)
2. In well insulated tank is mixing 50 l of water with 500 W mixer. Calculate temperature increase after 2 hours. In how much time will temperature increase for 2 Celsius degrees?  (Outcome 2)
3. Explain the appearance of vapor in humid air at 15 degrees Celsius. (Outcome 3)
4. The Joule process with hot air takes place between pressures 10 bar and 1 bar, while the highest and lowest temperatures in the process are 673 K and 288 K. Determine the thermal efficiency of the process and draw the process in p-v diagram. (outcome 4)
5. Explain the concept of entropy and determine the entropy increase of the air in a room of 295 k. (outcome 5)
6. Explain Rankine’s process by which supercharged water vapor enters the turbine. Explain how heat balances are determined and how values that are included in heat balances are obtained! Outcome 6)
7. Explain heat transfer through two vertical walls of different material and thickness. On one side of the walls there is hot gas and on the other side is cold liquid. Draw a flow chart and determine the thermal resistance! (outcome 7)

	1.10.	Main Reading 
	
	

	1. Teaching materials for the e-course are available on the e-learning platform - Merlin.
2. F. Bošnjaković, Nauka o toplini I Dio, Tehnička knjiga Zagreb, 1978.
3. F. Bošnjaković, Nauka o toplini II Dio, Tehnička knjiga Zagreb, 1976.
4. B. Halasz, Uvod u termodinamiku, Fakultet strojarstva i brodogradnje Sveučilišta u Zagrebu, 2015

	1.11.	Recommended Reading 
	
	

	1. F. Torbarina, K. Lenić, A. Trp, M. Kirinčić, Parametric analysis of system performance and cost of heating systems with heat pump and latent thermal energy storage, Applied Thermal Engineering 252, 123717, 2024.
2. F. Torbarina, K. Lenić, A. Trp, Computational Model of Shell and Finned Tube Latent Thermal Energy Storage Developed as a New TRNSYS Type, Energies 15(7), 2434, 2022.
3. F. Torbarina, A. Trp, K. Lenić, Numerical Analysis of Geometry Influence on Heat Transfer in a Slotted Fin and Tube Heat Exchanger, Heat Transfer Engineering 44 (5), 2023.
4. M. D. Burghardt, Engineering Thermodynamics with Applications, Harpercollins College Div, Subsequent   edition, November 1, 1986 
5. N. Petric, I. Vojnović, V. Martinac, Tehnička termodinamika, HINUS Zagreb, 1999. 
6. A. Kostelić, Nauka o toplini, Školska knjiga Zagreb, 1975.

	1.12.	Number of Main Reading Examples 
	
	

	Title  
	Number of examples 
	Number of students 

	F. Bošnjaković, Nauka o toplini I Dio, Tehnička knjiga Zagreb, 1978
	10
	70

	F. Bošnjaković, Nauka o toplini II Dio, Tehnička knjiga Zagreb, 1976.
	10
	70

	B. Halasz, Uvod u termodinamiku, Fakultet strojarstva i brodogradnje Sveučilišta u Zagrebu, 2015
	10
	70

	Nastavni materijal za e-kolegij dostupan na sustavu za e-učenje - Merlin
	-
	70

	1.13.	Quality Assurance 

	The quality of studying is continuously monitored in accordance with the ISO 9001 system implemented at the Faculty of Maritime Studies in Rijeka. An annual analysis of exam pass rates is conducted, and a student survey is carried out once per semester (attached with the faculty description). All data, including exams, written work, and grading, are at all times publicly available to all students enrolled in the course.


1   NOTE: Name the proportion of ECTS credits for each activity so that the total number of ECTS credits is equal to the ECTS value of the course. Use empty fields for additional activities.  
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