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Theoretical Analysis of Frost +ree Refrigerator fFreezer
with Secondary Cooling Medium

LU Zhidi, DING Guo-iang
(Inst. of Refrigeration and Cryogenics, Shanghai Jaotong Univ., Shanghai 200030, China)

Abstract: A kind of refrigerator-{reezer ( RF) termed frostfree refrigerator{reezer with secondary cooling
medium was presented. For this kind of RF, the compartment air only has direct heat exchange with the
secondary cooling medium, and does not contact with the refrigerant, so the risk of inflammation and ex-
plosion is reduced to the least. At the same time, the non-azeotropic refrigerants are easy used in the RF
with secondary cooling medium, so the COP can be increased greatly for the frost{ree RF with secondary
cooling medium. The cycle performances of frost4ree RF with secondary cooling medium are calculated
when itis charged with non-azeotropic refrigerants with large gliding temperature. The calculation results
show that the COPs are very high when the refrigerants R32/R600a (0. 35° 0. 65), R22/R123(0. 45°
0. 55), R32/R600( 0. 40° 0. 60), R170/R600a(0. 08* 0. 92), R32/R245fa(0. 40 0. 60), R290/R123(0. 40°*
0. 60) are used in the frost4ree RF with secondary cooling medium. The CO Ps increase by a factor of 1/10
compared with the conventional frostfree RF charged with R134a refrigerant.
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Tab. 1 Theoretical performances of conventional refrigerators charged with pure refrigerants
COP  Qp/(kJ m=3) 04/C pe/MPa 0.0/ C 0.,/C pe/MPa 0.4/ C 0.,/ C
R12 2. 004 662. 90 129. 1 0. 124 - 25 - 25 1.363 55 55
R134a 1. 966 605. 86 121. 6 0. 106 - 25 - 25 1.492 55 55
R600a 2. 031 330. 06 104. 7 0. 058 - 25 - 25 0.772 55 55
2

Tab. 2 Theoretical performances of frost-free RF with secondary cooling medium charged with non-azeotropic refrigerants

COP Qy/(kF m-3) 0,/¢C pe/MPa 0.4/ C 0.,7C  p./MPa  0.4/C 0.,/C

R32/R600a  0.35' 0.65 2284 11835 114.3 0,222  -38.02 - 359 1. 94 39.50 70. 66

R22/R123 0.45% 0.55 2 355 468, 2 131.5 0.067 - 41.05 - 3.058 0.93 38.09 71.93

R32/R600  0.40° 0.60 2 263 905. 3 121.6 0156 - 40.75 - 3.988 1. 62 37.81 72. 60

RI70/R600a  0.08° 0.92 2 788 928 4 96.2 0.156 - 40.06 - 4 316 L 19 43.33 66. 65

R32/R245fa  0.40° 0.60 2 208 775 1 136.2 0120  -40.59 - 3.676 1. 61 40.76 69. 28

R290/R123 0.40° 0.60 2 180 524.0 118.0 0.086 - 40.05 - 4 261 1. 09 42. 41 67.59
3 aop

Tab. 3 Comparison of COP between frost-free RF with secondary cooling medium refrigerants and

conventional frost-free RF

COP
cop

RI2 R134a R600a
R32/R600a 0.35* 0.65 2. 284 13.97 16. 17 12. 46
R22/R123 0.45* 0.55 2355 17.51 19. 79 15. 95
R32/R600 0.40% 0. 60 2. 263 12.92 15 11 11 42
R170/R600a 0.08* 0.92 2. 788 39. 12 41. 81 37. 27
R32/R245fa 0.40° 0. 60 2. 208 10. 18 12. 31 8. 71
R290/R123 0.40% 0. 60 2. 180 8.78 10. 88 7. 34
3 , 10% ; R170/R600a(0. 08% 0. 92)

, COP R134a ,  40%
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