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Exergy analysis of transcritical two stage CO. refrigeration system
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Abstract: Objective: In order to improve the energy efficiency of
the transcritical two stage CO; refrigeration system, the
conventional exergy analysis and advanced exergy analysis of the
system were conducted. Methods: Advanced exergy analysis
provides more valuable information on the interaction between
system components and the potential for component improvement
by splitting the exergy destruction into endogenous/exogenous

and unavoidable/avoidable parts. Results: The results indicated
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that the transcritical two stage CO; refrigeration system had
significant potential for efficiency improvement. The priority of
the optimized components from conventional and advanced exergy
analysis was different. The advanced exergy analysis showed that
performance optimization of the high-pressure stage compressor,
low-pressure stage compressor and evaporator were the focus of
improving system energy efficiency. Conclusion: The endogenous
avoidable high-pressure

exergy destruction of the stage

compressor, low-pressure stage compressor and evaporator

accounted for 20.9%, 15.2% and 36.5% of the endogenous
avoidable exergy destruction of the system, respectively. The
improvement of the high-pressure stage compressor, low-
pressure stage compressor and evaporator are able to reduce their

exergy destruction by 58.8%, 49.3% and 90.2% , respectively.

The conventional exergy analysis cannot provide such
recommendations.
Keywords: carbon dioxide; advanced exergy analysis;

compressor; thermodynamics; exergy destruction
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Table 1 Design condition values for system operation
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Figure 1 Diagram of transcritical two stage CO,

refrigeration system
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Figure 2 The p-h diagram of transcritical two stage CO,

refrigeration system
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Table 2 Main dataneeded to solve the real, ideal and unavoidable conditions
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Figure 3 Comparison of present study and Sun study for

the COP and totalexergy destruction
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Figure 4 The relative exergy destruction of system

components
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Table 3 Thermodynamic properties and mass flow rate of transcritical two stage CO, refrigeration cycle
at different state points under real conditions

MRA S T/K P/kPa  h/(k] kg ') s/(k]<kg '« K ) m/(kgss ) e/(k]+kg ") E/kW
1 250.0 1 785 —69.74 —0.774 9 0.002 624 161.5 0.423 77
2 308.6 4 008 —32.60 —0.764 1 0.002 624 195.4 0.512 73
3 293.6 4 008 —53.19 —0.832 5 0.004 669 195.2 0.911 39
4 360.7 9 000 —13.10 —0.822 5 0.004 669 232.3 1.084 61
5 310.0 9 000 —196.10 —1.3850 0.004 669 217.0 1.013 17
6 283.5 9 000 —287.00 —1.689 0 0.002 624 216.7 0.568 62
7 250.0 1785 —287.00 —1.644 0 0.002 624 203.2 0.533 20
8 278.5 4008 —196.10 —1.343 0 0.002 045 204.5 0.418 20
9 278.5 4 008 —79.60 —0.9250 0.002 045 196.3 0.401 43
0 298.0 101.3 —1.067 —0.002 6 - - -
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Table 4 Thermodynamic properties and mass flow rate of transcritical two stage CO, refrigeration cycle

at different state points under unavoidable conditions

MRA S T/K P/kPa  h/(k] kg ') s/(k]<kg ' K m/(kg+s ') e/(k]+kg ) E/kW

1 254.5 2 053 —70.01 —0.797 0.002 475 167.8 0.415 31

2 306.7 4 298 —38.94 —0.795 0.002 475 198.2 0.490 55

3 297.2 4 298 —52.83 —0.841 0.003 651 198.1 0.723 26

4 356.9 9 000 —19.04 —0.839 0.003 651 231.3 0.844 48

5 305.5 9 000 —221.10 —1.466 0.003 651 216.2 0.789 35

6 281.8 9 000 —291.00 —1.704 0.002 475 217.0 0.537 08

7 254.5 2 053 —300.30 —1.702 0.002 475 207.2 0.512 82

8 281.3 4 298 —229.10 —1.465 0.001 176 207.8 0.244 37

9 281.3 4298 —82.02 —0.942 0.001 176 199.0 0.234 02

0 298.0 101 —1.07 —0.003 — — —
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Table 5 Results of advanced exergy analysis for the transcritical two stage CO, refrigeration system W

HB A Eb. EEY EFY Y% EBN EERAY ERYUN  EEYAY EBRYW
I e 92 i L 8.49 6.52 1.97 6.92 1.57 4.99 1.53 1.93 0.04
o JE R 4 AL 13.93 8.95 4.98 11.77 2.16 6.86 2.09 4.91 0.07
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il s HL 0 K 1 25.55 10.27 15.28 15.67 9.82 1.05 9.22 14.62 0.66
= I LTI K R 35.61 28.70 6.91 11.41 24.20 4.96 23.74 6.45 0.46
R 13.32 13.32 0.00 12.01 1.31 12.01 1.31 0.00 0.00
o E] ¥ A 17.22 7.71 9.51 8.94 8.28 0.05 7.66 8.89 0.62
ai 166.01  115.54  50.47  80.32 8557  32.87  82.67  47.51 2.96

3.4 RYEEEBME T R R K

RGN ER A AT A MR R D 0.080 383 kW, X B IR
FRGA R KB S7, 0T 58 0 B AR G0 AR R S
MR R 48.4% . MR 5 ATLLEH WG HE FRAKE K
TRV EN T 25 0 B L0 TR G b1 6 s e T I Bk 1 L P )
)3 AUIE R G 45 B 1 34 355 42 T 3 S K453 2R 4K YR UL
A (B A5 A 2 P R R i LR R T 2% R i AL T
T WO B R AR A 43 S s R 81.5 04, 84.5 06 Y A
LR 28 R 4% I BOH 3 B0 90.2 06 AR 2R
3.5 FR & E0 4 i T8 SR AR 5 K

2% 5 AT KR SR 46 Bl o R 9% TR 46 ML A 2% R R
49 PR VR T kS K8 2 KT L A TR AT sk e AR G L i R e
FLRE Y C R O R R B A 17 B2 R N 2 7 W1 B A 7 R
T AL = AR R SR 45 LA 25 & e 2 0l /0 A 2k 1
FEI L, Bl T AR HE BTk, E B
TN A 1 0 R [0 ¥4 00 25 09 1 1 T s S AR A8 K 2 TN
T A 3B Ao KA 2R OFE e R AR R R R AL AN 2 R 4 R
> L P U KHABE R 10 [) BT 3 S A 1 A A5 2k B =2

U R G RAGFR T,

H &L 5 AT AT, P TR T 36 G A A8 Ok el BN HES A
A R R AR ML AR R R R AL R T R LR
RS ERE i TR A A&, WERs R
A 38 e AT R G 4 AL RN R S )RR 4R B T 43 ) 2
58.8%,49.3 %6 [ PN YR 1T 3B Hou K453 2 o T A< A4 ¥4 10 2% I
FL 2 1R 3 B P M T I v I 94 0 5 0 RT3 s e g
H By AE o e H 5.7 %,4.1%,13.9%,0.3 % B A
bR B R AR I (A O NG (A QA K| WLk O B
i DR N N it N OB N B AW G E 3 B S I = TN (A S 3
A6 HILRN 2% 2 24 1 P VR T S 458 2 1) 2801 R XeF G b 4
Be 4 AR B8 P IR AT R e KR AR R 19 20,990, 15,2,
36.5 % » 3 B O 2 1 R AL AR 3 B B K0 2 s RO
P2 AR X F 48 BB A R B B R IE . X F
HIMIE T 3k G M 40 2R THT 5 T A o R R A A B 1 ok
Vol 2 33 4 B o (A5 A O Al I e T K 1 R
V1) ¥4 ) 45 T A1 VR AT 3k G K 45 2 2 HL il 358 4 7 A1 U T Sk 4
A5 BT K o ) o B AR R 1957.2%6,51.6 %6, T

b

—



F&M | Vol.39, No.7

IS 10

o FEZ R AL
21.5%

3.2%
B 5 AR R R T E LKA K 6948 E

c

Figure 5 The percentage of endogenous avoidable exergy

destruction of system components
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