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Abstract: To investigate the changes in the performance of centrifugal compressors and refrigeration
efficiency after the replacement of refrigerant R134a with R1234ze (E), this study establishes a
mathematical model of the refrigeration cycle and a flow model of a two-stage series centrifugal
compressor based on a two-stage vapor compression refrigeration cycle with incomplete cooling
between two throttling processes (VCS-TS-FT). The influence of the replacement of R134a with

R1234ze(E) on compressor and system performance is analyzed in detail. Numerical results show
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that, after replacing R134a, under the same condensing temperature and unchanged rotational
speed, R1234z¢(E) achieves 83. 7% of R134a’s cooling capacity, with a 2% higher pressure
ratio, nearly unchanged efficiency, 0. 5% lower discharge temperature, 11. 6% lower shaft
power, and a decrease in coefficient of performance (&) from 6. 83 to 6. 59. Adjusting the
compressor speed significantly alters the performance of the compressor and refrigeration cycle. A
7% increase in speed results in a refrigeration capacity of R1234ze(E) equal to that of R134a at
the designed speed, but the compressor efficiency decreases by 5. 9% , and the system &, drops to
6.15. Conversely, a 3.4% decrease in speed with unchanged compressor volumetric flow results
in the refrigeration capacity of R1234ze(E) being reduced to 76 % of that of R134a at the designed
speed, while the system &, rises to 6. 87. Therefore, the direct replacement of R134a with
R1234ze(E) without redesigning the compressor cannot achieve equivalent levels of both &,, and
refrigeration capacity compared to R134a. Additionally, improvements to the condenser and
evaporator are required to achieve the same refrigeration capacity.
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Fig. 1 Schematic diagram of VCS-TS-FT
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Table 1 Design parameters of refrigeration cycle
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Table 2 Aerodynamic parameters of compressor

2 K
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e n/(r e min~ ) 8 750
1R m/(kges D) 21. 39 17. 34
2 g TR om. /(kg e s ) 23.73 19. 32
HSHETT pu/kPa 897.4 677.3
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Table 3 Structural parameters of compressor
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Fig. 2 Numerical model of compressor
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Table 4 Grid independence verification
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Fig. 3 Schematic diagram of grid in flow domain

B4 g 707 T3 WS S RO SR A R i BE AR 1
JE RS TC i 49 e BE Cy ) 3 A L AT LA Y, 98. 4%
(¥ " ARAEAE 300 LLPY il 2L BE T pR R SR
1.2.2 HAE7% ke

BRI LB R BT I 38 250 Z 800 36 5, Wl v
A RI34a, 715 L (o) FIIEHR IR LE (e ) 2R 22N
Kl 5 R iR 2E R ik

A = ST Ew 10004 a2

exp

zkxb. xjtu. edu. cn

B4 717 J7 RS T R By o A
Fig. 4 y* distribution of the calculation result with

7.17 million grid nodes

A5 AR g M AR

Table 5 Structural parameters of impeller for model

validation
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