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Comparative analysis of subcooling refrigeration cycle performance
for low-GWP refrigerants

XUE Wen, ZHANG Hua, LIU Zonglin
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Using MATLAB programming and invoking the REFPROP thermophysical property
database, simulations were conducted on the subcooling refrigeration cycles of six low global warming
potential (GWP) refrigerants (R32, R161, R600a, R290, R1234ze, R1234yf). The effects of subcooling
on refrigeration capacity, coefficient of performance (COP), and compressor power consumption at
various condensation and evaporation temperatures were investigated, providing comparative analyses.

Relationship equations between subcooling and cycle performance were also derived for the six

W5 B #A: 2024-08-16

EEHA: FMEE DL (2020YFF0303901); F% H AR EIE AR BITH (51176124); LA AA -5 H (17P11407200)
F—1EE: L(1999—), L&, WAL, W rm . BAEHAH . HR R % . E-mail: xuewen02030@163.com

WEEE: K R(1966—), T, #IZ. WIS LRGSR . HIAEE R 5 RS, E-mail: zhanghua3000@163.com

53ctas: BESE, sk, XUZRBE. K GWP il ve50 O v il ve IR ERPEREXT LLp B[], BB TOR=2224f, 2025, 47(5): 505-511.

Citation: XUE Wen, ZHANG Hua, LIU Zonglin. Comparative analysis of subcooling refrigeration cycle performance for low-GWP

refrigerants[J]. Journal of University of Shanghai for Science and Technology, 2025, 47(5) : 505-511.


https://doi.org/10.13255/j.cnki.jusst.20240816001
mailto:xuewen02030@163.com
mailto:zhanghua3000@163.com

506 o B TR 2 2 R

2025 4 5 47 &

refrigerants. Results indicate that both refrigeration capacity and COP increase with higher subcooling

(within the range of 0-10 °C). Among the refrigerants, R1234yf exhibited the largest impact of

subcooling, while R161 showed the least. Simulation results demonstrated that for every 2 °C increase in

subcooling, the refrigeration capacity increased by 2.6% and 1.6% respectively for R1234yf and R161.

This study addresses the lack of subcooling cycle characteristic data for these six low GWP refrigerants,

providing important guidance for the design and operation of mechanical subcooling and ice thermal

storage refrigeration systems.

Keywords: subcooling cycle; environmentally friendly refrigerants; subcooling level; performance

analysis
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Fig.1 p-h diagram of the subcooling cycle
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Tab.1 Basic properties of six low-GWP refrigerants

R Gwp IRFUEEL/C  IRFUES/MPa  FRifERsS/C 0 22k

R32 670 78.1 5.78 -53.1 HFCs
R161 4 102.2 4.70 -37.5 HFCs
R600a 20 135.0 3.65 -11.7 HCs
R290 3 96.7 425 —42.2 HCs

R1234ze 6 109.4 3.60 —-19.0 HFOs
R1234yf <1 94.7 3.38 -29.5 HFOs
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Fig.2 Relationship between unit cooling capacity and subcooling degree of R600a at different condensing temperatures and

evaporating temperatures
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Tab.2 Fitting results of the relationship between unit refrigeration capacity and subcooling degree at different condensation

temperatures ( T=—5 C)

R290 R32 R1234ze
T/C
a b MSE a b MSE a b MSE
30 290.55 2.72 0.0051 259.03 1.93 0.0054 139.97 1.39 0.0004
35 276.55 2.77 0.0067 249.07 1.99 0.0085 132.91 1.40 0.0005
40 262.26 2.83 0.0079 238.78 2.06 0.0132 125.75 1.42 0.0005
45 247.62 291 0.0108 228.12 2.14 0.0211 118.50 1.44 0.0010
50 232.63 2.98 0.0143 217.00 225 0.0377 11112 147 0.0009
R1234yf RI161 R600a
T/C
a b MSE a b MSE a b MSE
30 119.54 1.39 0.0008 308.42 2.29 0.0024 276.43 2.43 0.0015
35 112.41 1.42 0.0009 296.66 2.33 0.0032 264.01 2.46 0.0019
40 105.16 1.44 0.0015 284.69 2.38 0.0037 251.40 2.50 0.0021
45 97.77 1.47 0.0019 272.51 2.42 0.004 1 238.60 2.53 0.0021
50 90.23 1.50 0.0024 260.11 2.47 0.0063 225.63 2.57 0.0026

K3 FEHRBETRMHAESTRENXRMUELER(T,=40T)

Tab.3 Fitting results of the relationship between unit refrigeration capacity and subcooling degree at different evaporation

temperatures ( T,=40 C)

R290 R32 R1234z¢
T./C
a b MSE a b MSE a b MSE
-10 256.61 2.83 0.0075 237.54 2.06 0.0127 122.27 1.42 0.0007
=5 262.26 2.83 0.0079 238.78 2.06 0.0131 125.75 1.42 0.0005
0 267.82 2.83 0.0084 239.82 2.06 0.0127 129.20 1.42 0.0005
5 273.28 2.83 0.0084 240.62 2.06 0.0132 132.62 1.42 0.0006
10 278.62 2.83 0.0080 241.18 2.06 0.0128 135.98 1.42 0.0007
R1234yf R161 R600a
TJC
a b MSE a b MSE a b MSE
-10 101.86 1.44 0.0015 280.83 2.38 0.0037 244.70 2.50 0.002 1
=5 105.16 1.44 0.0015 284.69 2.38 0.0037 251.40 2.50 0.0021
0 108.43 1.44 0.0015 288.42 2.38 0.0037 258.11 2.50 0.002 1
5 111.66 1.44 0.0015 292.01 2.38 0.0037 264.83 2.50 0.0019
10 114.84 1.44 0.0013 295.44 2.38 0.0037 271.55 2.50 0.002 1

Z%f MSE (mean square error) ¥ iR 2%,
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Relationship between the unit refrigeration capacity
and the subcooling degree( T,=—5 C, T,=40 C)
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Fig.4 Relationship between COP and subcooling degree of R600a at different condensation and evaporating temperatures
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Tab.4 Fitting results of the relationship between COP and subcooling degree at different condensation temperatures( T,=—5 C)
R290 R32 R1234ze
Ti/°C
c d MSE c d MSE G d MSE
30 4.77 0.044 0.00001 4.72 0.035 0.000000 4.80 0.047 0.000013
35 4.03 0.041 0.00001 3.99 0.032 0.000013 4.06 0.043 0.000010
40 3.45 0.037 0.00001 3.42 0.030 0.000000 3.47 0.040 0.000000
45 2.98 0.035 0.00000 2.96 0.028 0.000009 3.00 0.036 0.000010
50 2.58 0.033 0.00001 2.57 0.027 0.000013 2.60 0.035 0.000000
R1234yf R161 R600a
T/ C
c d MSE c d MSE c d MSE
30 4.64 0.054 0.000009 4.90 0.037 0.000010 4.90 0.043 0.000013
35 3.89 0.049 0.000010 4.17 0.033 0.000013 4.16 0.039 0.000012
40 3.30 0.045 0.000000 3.60 0.030 0.000000 3.58 0.036 0.000010
45 2.82 0.042 0.000009 3.14 0.028 0.000009 3.11 0.033 0.000010
50 2.41 0.040 0.000000 2.76 0.027 0.000009 2.72 0.031 0.000009
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Tab.5 Fitting results of the relationship between the performance coefficient and subcooling degree at different evaporation

temperatures( T,=40 C)

R290 R32 R1234ze
7/
c d MSE c d MSE c d MSE
-10 2.97 0.033 0.000013 2.96 0.026 0.000009 2.98 0.035 0.000000
=5 345 0.037 0.000013 3.42 0.030 0.000000 3.47 0.040 0.000000
0 4.05 0.043 0.000009 4.00 0.035 0.000000 4.09 0.045 0.000000
5 4.82 0.050 0.000033 4.75 0.041 0.000012 4.89 0.052 0.000009
10 5.86 0.059 0.000012 5.76 0.049 0.000012 5.95 0.063 0.000018
I R1234yf R161 R600a
c d MSE c d MSE c d MSE
-10 2.82 0.040 0.000000 3.12 0.026 0.000009 3.08 0.032 0.000010
=5 3.30 0.045 0.000000 3.60 0.030 0.000000 3.58 0.036 0.000010
0 3.90 0.052 0.000013 4.21 0.035 0.000000 4.21 0.040 0.000000
5 4.68 0.061 0.000028 5.00 0.040 0.000000 5.01 0.048 0.000018
10 5.72 0.072 0.000013 6.05 0.049 0.000009 6.09 0.056 0.000012
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