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Advanced Exergy Analysis of an Ejector-expansion TRCC (Trans-critical C¢) Cascade
Refrigeration System

M. Yari ProfessorUniversity of Tabriz, Faculty of Mechanical Enginieg
Sh. Ronaghi M.S.c., University of Mohaghegh Ardabili, Faculti/Bngineering
Abstract

This paper identifies the inefficiencies of a prepd energy conversion system to improve its peidoaa.
The conventional exergy analysis is unable to ifierthese inefficiencies because it does not canrsitie
interactions among the system components. The addagxergy analysis does this however. The ma@ abl
advanced exergy analysis is to provide enginedfsadditional useful information for improving tdesign and
operation of energy conversion systems. The inftiomais achieved by splitting the exergy destruttiato
endogenous/exogenous and unavoidable/avoidables. plartthe present paper both the conventional and
advanced exergy analyses are employed. The splittiises the accuracy of exergy analysis and tfateb the
system improvement. The used method in this papersplitting is thermodynamic cycle method which
considers hybrid cycles in each of which only oh¢he component operates on the real conditionthadest
operate under ideal condition.

Advanced exergy analysis of ejector-expansion tcaitical CO, cascade refrigeration system consisting of
two refrigeration systems, is discussed. The resuiticate that although the conventional exerghesis shows
the highest exergy destruction for the ejector,dtleanced exergy analysis suggests improving teecgaler
performance first. The compressor, ejector angenador are in the next stages for improvement leeaf
their maximum value of endogenous avoidable exdepfructions.

Keywords: Advanced Exergy Analysis, Exergy Destruction, Cdscaefrigeration system, Ejector, Carbon
Dioxide.
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12 Ozone depletion potential (ODP)
1 Global warming potential (GWP)
12 Endogenous

13 Exogenous
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! Single stage vapour compression refrigeratioresyst
2 Compressor

3 Vapour compression cascade refrigeration system
4 Evaprator

5 precipitation hardening of special alloy steel

% Refrigerant

" Coeffient of performance (COP)

8 Exergy Destruction

9 Superheat
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® Cascade Heat Exchanger (CHE)
"Bottom Cycle

8 Top Cycle

® Condenser

10 Super critical

1 sub critical

S sl VAT e j0 ol )b (oST5 0 olKiws
Lol @8)5 5158 coliiul Sy5e (635 (mysh Dy s
syt 4 65,551 O bl Glp g, 51 S
Seeladge i 43,2 Sladelod 4 pswse g n 5 09
s

s pdbolizl st 4 @58 S gjlela
5wl &dly 65 ojlil o K e e T pdyolis
WS o w2l 3]y S (Seslunge s lendl) e bl
S3SS slacosgazme 4 axgi b a5 (65,551 gogl £y
S Gty 5 dlge Ganie 5 3 ey 3 ke
odilodly isn el pdiboliz! iduy sls rals le el
ol (65,551 g9l pdy Sl sy
Epx = EpK +Epk 9

ozl Gl s 65,551 ST glule a,la
D8 s (slp g 00 A DIV ez s jo pigolinat
633l o e (6,185 (slie el 00t con VOO F] o
Jelow jheslinul b pdolial 5 pibolea! 4 635,51
3,50 [VFNO] o 0 5 oKs sl Senlizoge i slaas >
Lol 8515 S5

L plaseiils (65,551 B (gilulaz 9,555, 99 oS 5
I 6P bl A samle 4 djlue 08
Jdo a5 0, rnT—k JE R TRV P GO N0
G g ol alS plgs (ool 52 sln (B slacudgae
23,5 dlona 1) (65,35 639 51 9,9 iyl

3 olg oo 1y 65,51 ol g plvolizl iy
o Sl wls rals Gl syse si )0 s Goyb
6551 S35l 3l o230 (55,551 6o 51 s p iyl
Sgnte ok 5| Wlgios a5 ol wa3 e 8 ) @K 5> 5o
Sl vee Gk 5l Loy ailedl sl 650 40

Jeos 3550 (6,555 WS s S5 [VY] & 0
Jelod ol ad s B 65,81 Al g pseye
535 ad i Jolow ulul g oS aid iy SeegisSTys, ST
sz laptans sy VAl a2 0 0,80 S9e
sleanls gl V] a2 ;5 5 <Spe 00 b sl
sl s @) S o 300 s a5 g5luple

O 9 658 e Silelar Coeal 4 axg L
» eolasl Glaggr 8o cux ol LB e

! Unavoidable

2 Avoidable

3 Endogenous unavoidable
4 Endogenous avoidable

5 Exogenous avoidable
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