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	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Sorpcyjne systemy  energetyczne

	Name in English 
	Sorption Energetic Systems

	Main field of study
	Power Engineering

	Specialization 
	Refrigerating, Heating and Air-Conditioning

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

	Kind of subject 
	obligatory 

	Subject code 
	ESN1024

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	30
	15
	
	15
	

	Number of hours of total student workload (CNPS)
	60
	30
	
	30
	

	Form of crediting
	crediting with grade 
	crediting with grade
	
	crediting with grade
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	2
	1
	
	1
	

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

	including number of ECTS points for direct teacher-student contact (BK) classes
	1
	0,75
	
	0,75
	


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 

1. The knowledge in range of technical thermodynamics and fluid mechanics.
2. The knowledge of the technical drawing and the principles of the construction notation.
3. The skill of constructing using graphic computer programs.


	SUBJECT OBJECTIVES
C1 – Familiarize students with building and the functioning of absorption energetic systems and the properties of working solutions.
C2 – Familiarize students with the processes modelling of absorption energetic systems by graphic method and using the computer program.
C3 – Develop in students the ability of projecting and constructing sorption energetic system apparatuses.
 C4 – Preparation the students to the realization of the project of choosen sorption energetic system apparatus.


	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge:

PEK_W01 He possesses systematic knowledge in the range of thermodynamic bases, design and operation of sorption energetic systems. 
PEK_W02 He possesses systematic knowledge in the range of energetic balancing of processes and the thermal calculation of apparatus for sorption energetic systems.
PEK_W03 He possesses systematic knowledge in the range of construction of apparatus for sorption energetic systems.
relating to skills:

PEK_U01 He is able to identify and balance the processes of cycles of sorption energetic systems.
PEK_U02 He is able to calculate and construct apparatuses of sorption energetic systems.


	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number

 of hours


	Lec1
	The scope of the course, conditions for completion of the course, literature. Characteristics of the basic concepts and definitions of the thermodynamics of solutions, which are used to model the absorption cycle: a binary solution, differential and integral heat of solution, enthalpy of solution ideal and real.
	2

	Lec2
	Properties of working media (aqueous ammonia solution, an aqueous solution of lithium bromide) and their influence on the design of absorption systems. Construction of enthalpy-composition diagram (h-ξ) for aqueous ammonia.
	2

	Lec3
	Application of the principles of balancing and thermodynamic modeling of the sorption cycle. The heat balance of the system ammonia sorption on the graph of h-ξ. Substantial balance sheets and thermal processes involved. The online program Absorption 3D for visualization and calculation of water and ammonia flow.
	2

	Lec4
	Basics of shell-and-tube apparatus for industrial absorption chilling packages for example condenser design details: orthogonal, hexagonal, and concentric pipe system, the choice of bottoms and taps.
	2

	Lec5
	Model calculations of thermal and hydraulic condensers and evaporators for water-ammonia sorption systems, review of construction: horizontal, vertical, coiled, articulated.
	2

	Lec6
	Principles of operation and calculation of thermal and hydraulic absorbers and desorbers in water and ammonia sorption systems, review of construction: horizontal apparatus flooded and drip, vertical. Details of construction.
	2

	Lec7
	Rectifier working properties in aqueous ammonia sorption systems. Role and splash-head design, the calculation of the theoretical and the actual number of shelf rectification column. Development trends of water and ammonia sorption systems.
	2

	Lec8
	Comparison of sorption systems for industrial absorption and absorptive-diffusion. Behavior of a system for absorption and diffusion, the choice of operating factors, the influence of the geometry of the system on the effectiveness of its operation
	2

	Lec9
	Construction variants of diffusive absorption systems, development trends, characteristics of the pump for the thermosyphon
	2

	Lec10
	Construction of the h-ξ and lgp-t for an aqueous solution of lithium bromide; identification of points and the heat balance of the water cooler for air conditioning; determination of the coefficient for sorption cooler
	2

	Lec11
	Identification points and heat balance of double effect water chiller for air conditioning; influence of the temperature of the heating medium on the selected variant of the system
	2

	Lec12
	Review of construction of sorption water chillers, sorption water chillers in solar systems, exploitation problems (maintaining a vacuum, recrystallization of solution)
	2

	Lec13
	Processes adsorption and desorption. Classification (physical and chemical adsorption) and characteristics. Working pairs and their properties. The main adsorption cycle. The effectiveness of the adsorption cycle.
	2

	Lec14
	Thermodynamic analysis of the adsorption cycle. Methods for increasing the efficiency ratio. Multi-adsorber systems, regeneration, regeneration of mass and with the thermal wave.
	2

	Lec15
	The structure of the adsorbent bed. The processes of diffusion and thermal phenomena. Intermolecular and intramolecular flow. Modeling Fundamentals of heat and mass in the structure of the adsorbent.
	2

	
	Total hours
	30

	Form of classes - class 
	Number

 of hours


	Cl 1
	Examination of the enthalpy-composition-pressure diagram (h-ξ-logp) for aqueous ammonia solution as the basis for modeling the sorption cycle. Identification of areas of hot and steam phases, the calculation of the enthalpy of solution for the pure components of the solution, the designation of the isotherms for liquid and wet vapor.
	2

	Cl 2
	Identification of points of the process of total and partial condensation. Identification of points of the evaporation process. Computational problems. Discussion of results.
	2

	Cl 3
	Identification of the points of the absorption process. Determination of the mixing line. The use of analytical and diagrammatic methods of balancing, balance sheets and substantial heat absorption process. Computational problems.
	2

	Cl 4
	Identification of the points of the desorption process, the use of analytical and diagrammatic methods of balancing, substantial and thermal balance sheets for the process of desorption. Computational problems. Analysis of the results obtained.
	2

	Cl 5
	Thermal and substantial calculations of a rectifier in ammonia water absorbent system. Substantial and thermal calculations, determination of the number of shelves in a rectification column.
	2

	Cl 6
	Examination of enthalpy-composition-pressure diagrams (h-ξ-LNP) and the pressure-temperature (LNP-t) for an aqueous solution of lithium bromide. Identification of the fundamental processes in a single effect cycle. Computational problems.
	2

	Cl 7
	Identification of the fundamental processes of double effect cycle. Calculation of cycle COP. Comparison of the efficiency of double effect and single effect cycle. Modeling of the adsorption cycle.
	2

	Cl 8
	Colloquium
	1

	
	Total hours
	15

	Form of classes - project  
	Number

 of hours


	Proj1
	The scope of the project. Conditions of gaining credit, recommended literature.

Assign individual students design topics.
	2

	Proj2
	Discussion and familiarize the issues raised in the projects.

Individual work on projects. Identification of the points of the individual project data. Presentation of the 3D absorption.
	2

	Proj3
	Individual work on projects. Heat balance of a chiller for individual design data. Application Absorption 3D.
	2

	Proj4
	Individual work on projects. Thermal and hydraulic calculations of the selected device. The calculation and determination of the heat transfer surface configuration.
	2

	Proj5
	Individual work on projects. Strength calculations of selected construction joints. Implementation of the proposed preliminary design sketches camera. Analysis and discussion of selected concept and its implementation.
	2

	Proj6
	Individual work on projects. Perform of drawings of the proposed device.
	2

	Proj7
	Individual work on projects. Perform of drawings of the proposed device. Preparation of the report. Preparation of the presentation of the project.
	2

	Proj8
	The presentation and submission of the finished projects. Grading.
	1

	
	Total hours
	15


	TEACHING TOOLS USED 

	N1. The traditional lecture with use of the multimedia presentation.
N2. Computational tasks, the discussion of the problems solutions, the use of the computer program.
N3. The project presentation.
N4. Office hours.


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_W03
	colloquium


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- class
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	C
	PEK_U01
	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_U02
	Project presentation. Crediting with grade.


	PRIMARY AND SECONDARY LITERATURE 

	[1]  PRIMARY LITERATURE :

[2]  Królicki Z. – Termodynamiczne podstawy obniżania temperatur. Oficyna Wydawnicza PWr. Wrocław 2006

[3]  Herold K., Radermacher R., Sanford A. Klein – Absorption Chillers and Heat Pumps. CRC Press 1996

[4]  Niebergall W. –Sorptions-Kaltemaschinen. Springer Verlag. Berlin 1981

[5]  Maczek K., Mieczyński M. – Chłodnictwo. Skrypt PWr. Wrocław 1981

[6]  Maczek K. – Modelowanie matematyczne w optymalizacji urządzeń cieplnych sorpcyjnych. Monografia. Politechnika Krakowska 1984.
SECONDARY LITERATURE:

[1]  Web site – Absorpcja 3D  – http://fluid.itcmp.pwr.wroc.pl/~kasper/absorpcja3d/
[2]  International Journal of Refrigeration

[3]  Chłodnictwo. Miesięcznik SIMP.

[4]  Technika chłodnicza I klimatyzacyjna. Miesięcznik IPPU MASTA.

[5]  Chłodnictwo & Klimatyzacja. Miesięcznik EURO-MEDIA.


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

	Janusz Eichler,         janusz.eichler@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Sorpcyjne systemy eneregtyczne
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY  Power Engineering
AND SPECIALIZATION Refrigerating, Heating and Air-Conditioning
	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
	S2CCK_W06
	C1
	Lec1, Lec2, Lec8, Lec10, Lec13
	N1, N4

	PEK_W02
	
	C2, C3
	Lec3, Lec5, Lec10, Lec11, Lec14, Lec15
	

	PEK_W03
	
	C4
	Lec4 ÷ Lec7, Lec9, Lec12
	

	PEK_U01
	S2CCK_U03
	C2
	Cl 1 ÷ Cl 8
	N2, N4

	PEK_U02
	S2CCK_U07
	C3, C4
	Proj1 ÷ Proj8
	N3, N4
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