
	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Pompy ciepła

	Name in English 
	HEAT PUMPS

	Main field of study
	Mechanical Engineering and Machine Building

	Specialization 
	Refrigeration and Cryogenics

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

	Kind of subject 
	optional- specialization

	Subject code 
	MSN0831

	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. Technical Thermodynamics
2. Fluid Mechanics



	SUBJECT OBJECTIVES
C1 – Teaching of practical knowledge, regarding heat pump technology, their design and application.
C2 – Teaching of skills how to design and analyze heat pumps, their behavior and consequences of its cooperation with various heat sources.



	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge:
PEK_W01 - has knowledge of rules and standards for design and operation of heat pumps
PEK_W02 - knows the classification of heat pump system

relating to skills:
PEK_U01 - can choose the proper cycle for a given heat pump system
PEK_U02 - can calculate the capacity of the heat pump system and can design a heat pump system




	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number
 of hours


	Lec1
	Overview of the lecture. Introduction. Principle of operation of the heat pump. Historical overview. Classification and application. Monovalent and bivalent heat pumps. Thermodynamics. Reversible Carnot Cycle for  variable temperature sources.
	2

	Lec2
	Heat sources. Primary and secondary heat pumps. Low temperature heat source.
	2

	Lec3
	Air heat source. Water heat source. Geothermal heat source. Ground heat sources. Solar radiation.
	2

	Lec4
	Refrigerants in heat pumps (synthetics, mixtures, naturals).
	2

	Lec5
	Heat pump cycle. Heat pump gas cycle. COP increasing methods. Absorption and adsorption heat pumps.
	2

	Lec6
	Multi stage cycle. Cascade cycle. Vorhees cycle. Economizer.  Ejector heat pump. Thermoelectric heat pump.
	2

	Lec7
	Heat pump components. Heat accumulation. Heat pump in the heating system. Heat pump development trends.
	2

	Lec8
	Colloquium
	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. Refrigerant selection. logP-h diagram. Selection of the compressor.
	2

	Proj3
	Description of the necessary computer software.
	2

	Proj4
	Calculation of the heat exchangers (air and water).
	2

	Proj5
	Calculation of the heat exchangers (ground). 
	2

	Proj6
	Selection of additional components (e.g. throttling valves, heat exchangers etc.)
	2

	Proj7
	Individual consultations.
	2

	Proj8
	Submission of completed projects.
	1

	
	Total hours
	15



	TEACHING TOOLS USED 

	N1. Traditional lecture with presentation of slides.
N2. Self-study – reading of supplementary materials.
N3. Self-study – working on e-tests.
N4. Self-study – working on the individual project.
N5. Self-study – study and preparation to the exam.
N6. Consultation – improvement of knowledge



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
	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.
	Mark of submitted project




	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :
[1]  2009 ASHRAE Handbook - Fundamentals (SI Edition), © 2009 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
[2]  2011 ASHRAE Handbook - Heating, Ventilating, and Air-Conditioning Applications (SI Edition), © 2011 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 
SECONDARY LITERATURE:
[1]  McQuay International, Geothermal heat pump - Design Manual
[2]  RETScreen Int. Training Material, Ground Source Heat Pump Project Analysis - Textbook 



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

	Bogusław Białko, bogusław.bialko@pwr.wroc.pl




MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
HEAT PUMPS
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY
Mechanical Engineering and Machine Building
AND SPECIALIZATION Refrigeration and Cryogenics

	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
	[bookmark: _GoBack]S2RAC_W04
	C1
	Lec1, Lec2, Lec3, Lec4, Lec5
	N1, N2, N5

	PEK_W02
	
	C2
	Lec6, Lec7
	

	PEK_U01
	S2RAC_U04
	C1
	Proj1, Proj3, Proj4, Proj5, Proj6
	N2, N3, N4, N6

	PEK_U02
	
	C2
	Proj3, Proj7
	

	PEK_K01
	
	C1
	Proj1, Proj3, Proj4, Proj5, Proj6
	

	PEK_K02
	
	C2
	Proj1, Proj3, Proj4, Proj5, Proj6
	

	PEK_K03
	
	C2
	Proj3, Proj7
	






3

