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Advanced Exergy Analysis of an Ejector-expansion TRCC (Trans-critical CO2) Cascade 
Refrigeration System 
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Abstract 
This paper identifies the inefficiencies of a proposed energy conversion system to improve its performance. 

The conventional exergy analysis is unable to identify these inefficiencies because it does not consider the 
interactions among the system components. The advanced exergy analysis does this however. The main role of 
advanced exergy analysis is to provide engineers with additional useful information for improving the design and 
operation of energy conversion systems. The information is achieved by splitting the exergy destruction into 
endogenous/exogenous and unavoidable/avoidable parts. In the present paper both the conventional and 
advanced exergy analyses are employed. The splitting raises the accuracy of exergy analysis and facilitates the 
system improvement. The used method in this paper for splitting is thermodynamic cycle method which 
considers hybrid cycles in each of which only one of the component operates on the real condition and the rest 
operate under ideal condition. 

Advanced exergy analysis of ejector-expansion trans-critical CO2 cascade refrigeration system consisting of 
two refrigeration systems, is discussed. The results indicate that although the conventional exergy analysis shows 
the highest exergy destruction for the ejector, the advanced exergy analysis suggests improving the gas cooler 
performance first.  The compressor, ejector and evaporator are in the next stages for improvement because of 
their maximum value of endogenous avoidable exergy destructions. 
 
Keywords: Advanced Exergy Analysis, Exergy Destruction, Cascade refrigeration system, Ejector, Carbon 
Dioxide. 
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1 Single stage vapour compression refrigeration system 
2 Compressor 
3 Vapour compression cascade refrigeration system 
4 Evaprator 
5 precipitation hardening of special alloy steel 
6 Refrigerant 
7 Coeffient of performance (COP) 
8 Exergy Destruction 
9 Superheat 
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10 Ozone depletion potential (ODP) 
11 Global warming potential (GWP) 
12 Endogenous 
13 Exogenous 
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1 Unavoidable 
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3 Endogenous unavoidable 
4 Endogenous avoidable 
5 Exogenous avoidable 
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6 Cascade Heat Exchanger (CHE) 
7 Bottom Cycle 
8 Top Cycle 
9 Condenser 
10 Super critical 
11 Sub critical 
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����� ;��	
�1  "� -/ = %$0 � $/'
1 + : 	, 	<-/ = 0.9343 � 0.04478 B +0+/ ���,-/ = "� -/ � %(0 � (/'1 + :  

	���F�=  
%$0 � $C'
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T�����	�'1  $E = $P ���,�QR/ = :%(E � (P'
1 + :  

 2��	E Q���
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1 + : ��� /0B %(/C � (/0' 
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�2  "� -0 = �� /0%$/0 � $//', 	<-0 = 0.9343 � 0.04478 B +/0+// 
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T�����	�'2  $/C = $/F ���,�QR0 = �� /C%(/C � (/F' 
�����	�H��  !��, = �� /F%$// � $/F' ���,�, = �� /F%(/F � (//' � %���� � 1'!
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(kg/s) 
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(kJ/K) 

S  

(kJ /K-

k) 
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/K) 
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(MPa) 

T 

(oc) 

 

 

6795/0  9/200  948/0-  03/83-  41/4  17/9  1 

6795/0  1/236  928/0-  63/41-  96/10  53/82  2 

6795/0  7/221  347/1-  8/180-  96/10  45 3 

6795/0  8/202  336/1-  6/196-  516/3  331/0  4 

1 5/204  176/1-  2/147-  41/4  17/9  5 

3205/0  1/212  658/1-  3/283-  41/4  17/9  6 

3205/0  6/210  653/1-  3/283-  516/3  331/0  7 

3205/0  9/191  895/0-  08/76-  516/3  331/0  8 

3205/0  9/191  895/0-  08/76-  516/3  331/0  9 

1 199 181/1-  2/154-  516/3  331/0  10 

248/0  6/159  766/0-  72/69-  683/1  25-  11 

248/0  5/196  741/0-  59/25-  003/4  9/40  12 

248/0  3/212  693/1-  4/293-  003/4  331/5  13 

248/0  7/204  667/1-  4/293-  683/1  25-  14 

82/18  0357/0  716/5  6/303  1/0  30 15 

82/18  1504/0  732/5  6/308  1/0  35 16 
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