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	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Lewobieżne systemy grzewcze

	Name in English 
	Refrigerating heating systems

	Main field of study
	Power Engineering

	Specialization 
	Renewable Sources of Energy (pl)

	Level and form of studies 
	2nd level, full-time

	Kind of subject 
	optional / specialization

	Subject code 
	ESN0361

	Group of courses
	No



	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	15
	
	
	15
	

	Number of hours of total student workload (CNPS)
	30
	
	
	30
	

	Form of crediting
	crediting with grade*
	
	
	crediting with grade
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	1
	
	
	1
	

	including number of ECTS points for practical (P) classes 
	0
	
	
	1
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	0.5
	
	
	0.75
	



	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 
1. Competencies in thermodynamic cycles reversible and irreversible.
2. Knowledge of heat and mass transfer 



	SUBJECT OBJECTIVES
C1 – Introduction to thermodynamic and functional principles of refrigeration heating systems.
C2 – Introduction to technical and functional properties of low-temperature natural and waste heat sources.
C3 – Introduction to technical and construction parameters of refrigeration heating systems.



	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge:
PEK_W01 has knowledge of possibilities of using low temperature heat sources, natural and waste.
PEK_W02 knows rules for the implementation and selection of refrigeration heating systems.

relating to skills:
PEK_U01 Can examine thermodynamic cycle of refrigeration heating system.
PEK_U02 Can analyse apparatus for realization of the refrigeration heating system.

relating to social competences:
[bookmark: _GoBack]PEK_K01 Has competence to understand the need to save and rational management of energy



	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number
 of hours


	Lec1
	Theoretical basis and thermodynamics of refrigeration heating and associated systems. Design principles of comparative cycles. The rules for definition and comparison of effectiveness of refrigeration systems. Heating efficiency factors COP, performance, characteristic parameters and state points.
	2

	Lec2
	Selection criteria for circulating agents in selected operating conditions. Thermodynamic, operational, safety, environmental and natural criteria. Refrigerants used to achieve supercritical and ranscritical cycles.
	2

	Lec3
	Features, specifications and usage of waste heat sources. Rules for the selection and evaluation of general waste heat sources. Low and high temperature systems. Selection of high-circulation agents. Principles and operational capabilities.
	2

	Lec 4
	Principles of calculation and design of individual components. Waste heat recovery systems, systems cooling-heating systems, air-conditioning and heating, refrigeration systems powered by solar energy. The principle of "turning of the heat flux".
	2

	Lec 5
	Principles of technical and economic analysis and application of refrigeration heating systems in thermal engineering and industry. Thermal and economic environmental indicators. Adsorption systems. The physical and chemical adsorption. Working pairs for high temperature systems. Thermal wave systems. Mutliadsorber systems. Adsorption systems using solar energy. Adsorption heat pump
	2

	Lec 6
	Heat accumulation and accumulators. Physical and chemical heat storage. Agents, materials, construction materials heat accumulators. Accumulators for low and high temperature. Cyclical nature of operation. Regeneration of the bed.
	2

	Lec 7
	Examples and analysis of technical solutions refrigeration heating systems, high-temperature heat pumps, BrLi heat transformers, heat "reduction" and "boosting"
	2

	Lec 8
	Test
	1

	
	Total hours
	15

	Form of classes - project
	Number
 of hours


	Proj1
	Overview and introduction to the project. Distribution of the individual data for the project.
	2

	Proj2
	Calculation of the heat pump cycle. Evaporation and condensation temperature.
	2

	Proj3
	Refrigerating cycle on logP-h diagram. 
	2

	Proj4
	Refrigerant selection. 
	2

	Proj5
	Calculation of the heat exchangers 
	2

	Proj6
	Calculation of the heat exchangers 
	2

	Proj7
	Selection of additional components (e.g. throttling valves, heat exchangers etc.)
	2

	Proj8
	Submission of completed projects.
	1

	
	Total hours
	15



	TEACHING TOOLS USED 

	N1 Traditional lecture with presentation of slides.
N2 Class project - a discussion of design solutions
N3 Consultation 
N4 Self-study – working on the individual project
N5 Self-study – study and preparation to the exam.



EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- lecture*
	Evaluation 
(F– forming (during semester), 
C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	C
	PEK_W01÷PEK_W02
PEK_K01
	Mark of the colloquium



EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- project
	Evaluation 
(F– forming (during semester), C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	C
	PEK_U01÷PEK_U02
PEK_K01
	Mark of submitted project



	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :
[1]  Brodowicz K., Dyakowski T.: Pompy Ciepła, PWN, Warszawa 1990
[2]  Rubik M.: Pompy ciepła – poradnik, Ośrodek Informacji „Technika instalacyjna w Budownictwie, Warszawa 1999

SECONDARY LITERATURE:
[1]  Zalewski W.: Pompy ciepła – podstawy teoretyczne i przykłady zastosowań, Politechnika Krakowska, Skrypt, Kraków 1995



	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Zbigniew Królicki, zbigniew.królicki@pwr.wroc.pl




MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Refrigerating heating systems
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY
Power Engineering
AND SPECIALIZATION 
Renewable Sources of Energy (pl)

	Subject educational effect
	Correlation between subject educational effect and educational effects defined for
main field of study/ specialization
	Subject objectives
	Programme content
	Teaching tool number

	PEK_W01, PEK_U01,
PEK_K01
	S2OZE_W05  S2OZE_U07
	C1
	Lec1, Lec2, Lec3, Proj1, Proj2, Proj3,
Proj4
	N1, N2, N3, N5

	PEK_W02, PEK_U02, PEK_K01
	S2OZE_W05, S2OZE_U07, K2ENG_K04
	C2
	Lec4, Lec5, Lec6, Proj5, Proj6
	N1, N2, N3, N4, N5

	
	
	C3
	Lec7, Proj7
	N1, N2, N3, N5






3

