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COURSE SYLLABUS
1. Course name: Refrigeration Engineering
Course code: REEN230532
2. Credits:  3 (3/0/6) (3 theory credits, 0 practice credit)
3. Lecturers:
1/ Main lecturer: Le Xuan Hoa, PhD
2/ Teaching Lecturers:  Assoc. Prof. Dr. Hoang An Quoc; Doan Minh Hung
4. Required course 
Required courses: no
Pre-courses: Thermodynamics  

5. Course Description 
This course equips students with basic knowledge about the thermodynamics of air conditioning; refrigerants; coolants; lubricant oils; multi-stage, multi-level refrigerating machine; absorption refrigerating machine; Ejector refrigeration; Cryo basic freezers; This course also gives students the skills to calculate the refrigeration cycle (as above); help students awareness and understand the importance of environmental protection in the use of refrigerants.
6. Course Goals
	Goals
	 Course Objectives
(The content of the course includes the academic knowledge:)
	ELOs

	G1
	Fundamental and specialized knowledge about the thermodynamics of air conditioning; refrigerants; coolants; lubricant oils; multi-stage, multi-level refrigerating machine; absorption refrigerating machine; Ejector refrigeration; Cryo basic freezers
	ELO 2, ELO 3

	G2
	Being able to think systematically; explaining and experimenting to solve about refrigeration cycles
	ELO 4, ELO 5, ELO 6, ELO 7

	G3
	Being able to lead, function, and communicate in teams
Using catalogues of refrigeration equipments in English
	ELO 9, 
ELO 10


7. Expected learning outcomes
	Course objectives
	Description 
(After studying this course, student will be able :)
	ELOs

	G1
	G1.1
	Applying knowledge in thermodynamics and heat transfer in refrigeration cycle
	ELO 2

	
	G1.2
	Writing diagrams, operating principle of refrigeration cycles

Computing parameters and coefficient of performance of refrigeration cycles
	ELO 3

	G2
	G2.1
	Generalizing activities of enterprises in refrigeration fields and Recognizing awareness of life-long learning
	ELO 4

	
	G2.2
	Analyzing and explaining effects of parameters to efficiency of refrigeration cycles
	ELO 5

	
	G2.3
	Explaining experimental data of refrigeration cycles
	ELO 6

	
	G2.4
	Reviewing critically and systematically about refrigeration cycles
	ELO 7

	G3
	G3.1
	Applying work in team for discussing and solving the problems related boilers and applying communication in writing and speaking forms
	ELO 9

	
	G3.2
	Using catalogues of refrigeration equipments in English
	ELO 10


8. Texbooks
- Texbooks:
[1] Le Xuan Hoa, Fundamental Refrigeration, HCMUTE 2007
- Reference books: 
[2]. Shan K. Wang, Handbook of Air Conditioning and Refrigeration, McGraw – Hill 2001


[3]. Ibrahim Dincer, Refrigeration systems and applications, John Wiley & Sons, 2003.

9. Assessment:
- Grading Scale: 10
- Assesement plans:

	Assesement method
	Content 
	Week 
	Assessment tool
	ELO
	Percent (%)

	Problems
	
	30

	Problem 1
	Calculating single stage refrigeration cycles
	Week 8
	Review tools/ Rubrics
	2-7
	15

	Problem 2
	Calculating two stage refrigeration cycles
	Week 11
	Review tools/ Rubrics
	2-7
	15

	Project and presentation 
	
	20

	
	From week no. 3, each team will present a project (regarding to content for each week)
	
	
	4, 9,10
	20

	Final exam
	
	50

	Oral or Writing 
	Content consists of ELOs of the course
Time is about 60 – 120 minutes (if writing) 
	
	Review tools/ Rubrics
	2-7, 9
	50


10. Course content:
	Week 
	Content 
	ELOs

	1-2
	Chapter 1: Fundamental thermodynamics of refrigeration  <6/0/12>
	

	
	A/ Contents and teaching methods in class: (6)
Theory teaching contents:
  + Introduction

  + Reversed Carnot cycle 

  + Artificial refrigeration methods

  + Refrigeration by throttling effect (Joule–Thomson effect)
  + Refrigeration by adiabatic expansion effect
  + Refrigeration by ejector effect
  + Refrigeration by thermoelectric effect (Peltier effect)
  + Refrigeration by absorption effect
  + Refrigeration by magnetic field effect
Teaching methods:

· Presentation 
· Dicussion 
· Team working
	2-7

	
	B/ Contents for seft-study at home: (16)
Reading artificial refrigeration methods
Solving a problem
Finding applications of refrigeration methods
	2-7,9

	3-4
	Chapter 2: Refrigerants and Secondary refrigerants <6/0/12>                                           
	

	1 
	A/ Contents and teaching methods in class: (6)

Theory teaching contents:

+ Required of refrigerants
+ Ammonia properties 

+ Introduction to Freon 

+ R12 properties

+ R22 properties
+ R134a properties 

+ R404 properties 
+ Required of second refrigerants
+ Second refrigerant is air

+ Second refrigerant is NaCl-H2O solution

+ Second refrigerant is CaCl2-H2O solution

+ Second refrigerant is mixture of water and glycol
Teaching methods:

· Presentation 
· Dicussion 
· Team working
	2-7, 9, 10

	2 
	B/ Contents for seft-study at home: (12)

Reading documents about refrigerants and second refrigerants

Looking Tables and Figures up about common parameters of  refrigerants 
	2-7, 9, 10

	5-8
	Chapter 3: Single stage refrigeration system   <12/0/24>                                         
	

	3 
	A/ Contents and teaching methods in class: (12)
Theory teaching contents:

  + Classification of refrigeration system
  + Single stage refrigeration system using air as the working fluid
  + Single stage refrigeration system using a suction accumulator

  + Single stage refrigeration system using a heat exchanger
  + Heat pump
  + Steps for calculating single stage refrigeration cycle

   Problems: Calculating single stage refrigeration cycle using R12, R22, R134a, and R717

Teaching methods:

· Presentation 
· Dicussion 
· Team working
	2-7, 9, 10

	4 
	B/ Contents for seft-study at home: (24)

Reading operating principle and drawing lgp-h and T-s diagrams for single stage refrigeration cycle and heat pump
	2-7, 9, 10

	9-11
	Chapter  4:  Multistage refrigeration systems  <9/0/18>
	

	5 
	A/ Contents and teaching methods in class: (9)
Theory teaching contents:
 + Necessary to use multistage refrigeration systems (compound system and cascade system
 + Two-sage refrigeration system using flash cooler 

 + Two-sage refrigeration system using intercooler

 + Two-sage refrigeration system using coil intercooler

 + Three-sage refrigeration system using no coil intercooler

 + Three-sage refrigeration system producing dry ice (solid CO2) 
 + Cascade refrigeration system

 + Problem: Calculating two-sage refrigeration system using R12, R22, R134a, and R717

Teaching methods:

· Presentation 
· Dicussion and team working
	2-7, 9, 10

	6 
	B/ Contents for seft-study at home: (18)

  Reading operating principle and drawing lgp-h and T-s diagrams for two/three stage refrigeration cycle and cascade refrigeration cycle
  Calculating two/three stage refrigeration cycle and cascade refrigeration cycle
	2-7, 9, 10

	12-13
	Chapter 5:  Absorption and ejector refrigeration systems  <6/0/12>
	

	7 
	A/ Contents and teaching methods in class: (6)
Theory teaching contents:
  + Introduction to distillation 
  + Diffusion - absorption chiller  
  + NH3 – H2O single effect absorption chiller
  + H2O – BrLi single effect absorption chiller
  + Introduction to ejector chiller
  + Ejector chiller

Problem: Calculating NH3 – H2O single effect absorption chiller
Teaching methods:
· Presentation 
· Dicussion 
· Team working
	2-7, 9, 10


	8 
	B/ Contents for seft-study at home: (12)

 Reading absorption chiller; Calculating NH3 – H2O single effect absorption chiller; Reading absorption chiller on internet and its applications
	2-7, 9, 10

	14-15
	Chapter 6:  Basic Cryo chiller  <6/0/12>
	

	9 
	A/ Contents and teaching methods in class: (6)
Theory teaching contents:
  + Introduction to Cryo chiller

  + Basic Cryo refrigeration cycle – Pictet cycle
  + Basic Cryo refrigeration cycle – Linde cycle
  + Basic Cryo refrigeration cycle – Claude cycle
  + Thermodynamic processes of Cryo refrigeration cycle
  + Cryo refrigeration cycle liquidized air at high presure and medium presure to achieve O2 and N2
  + Liquidized air schematic at low pressure to achieve single gas
Teaching methods:

· Presentation 
· Dicussion 
· Team working
	2-7, 9, 10

	10 
	B/ Contents for seft-study at home: (12)

  Reading Cryo refrigeration cycle 
  Finding on internet principles and applications of Cryo refrigeration cycle
	2-7, 9, 10


11. Classroom rules of conduct:
Students must do problems, home works, and projects by themselves. Student will be received zero score if he (or she) violates study regulations or ethics.  
12. Approved date: 
13. Approvers:
	Dean
	Head of department
	Authors

	
	
	


14. Syllabus update: 
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