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ABSTRACT: In this study, HFC152a, HFC134a/HFC152a and HC290/HFC134a/HFC152a mixtures
are studied for the supplementary and alternative refrigerants for HFC134a used in automobile
air-conditioners. Due to the high global warming potential of HFC134a, it has to be phased out
in the long run. Thermodynamic performance of these refrigerants are measured in a bench tester
of 3.5 kW capacity with an open type compressor under both summer and winter conditions. Test
results show that the coefficient of performance (COP) and capacity of pure HFC152a and HFC134a/
HFC152a mixture are 9.1~12% and 7% higher than those of HFC134a. As for the HC290/HFC134a/
HFC152a, the COP is up to 9.5% higher than that of HFC134a with 1~2% of HC290 while that
is up to 6.1% lower than that of HFC134a with 5% HC290. The capacity of the ternary mixture,
however, is 8.6% higher than that of HFC134a at all compositions tested. The compressor discharge
temperatures of all refrigerants tested are 6~107C higher than that of HFC134a. For all refrigerants,
the amount of charge is reduced up to 32% due to the decrease in liquid density. Overall, these
refrigerants provide good performance with reasonable energy savings with less environmental

problem and thus can be used as long term alternatives for automobile air-conditioners.

Key words: Alternative refrigerant(t] 3| m]), Automobile air conditioner(A5 2 &7]Z3}7]),
COP(’d 5 Al5*), Capacity(¥5 &%), HFC152a(d v 152a), HC290(Z 2 %)
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Fig. 1 Schematic diagram of the bench tester.
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Table 1 Uncertainties of experimental parameters

Parameters Uncertainty
Temp(RTD) +0.01T
Temp(Thermocouple) +0.1T
Pressure 134 kPa
Mass flow rate +0.2%
Work(Wattmeter) £0.5%
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Table 3 Refrigerants tested in this study
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Table 4 Summary of test results for various refrigerants

Condition A (Summer cooling) Condition B (Winter heating)

No| Refrigerant COP diff. | Qe |diff. |Tdis.|Charge| Pe/Pc coP diff.| Qc | diff. | Tdis.|Charge| Pe/Pc

@) | W) | 08| (0| @ | Kpa )| W) | % |(T)] (@ | &Pa)

1| HFCI34a |19 3457 749 1110 [401/1154] 264 244 763 | 1200 [239/1008

HFCI52a | 2.23 | 120 3718 | 76 | 815| 810 [336/1023 2.73 | 35 | 3301 | 18 | 848 | 900 | 209/8%8

3 /19%(@}1?17%11%421 216 | 88 |3700| 70 |817| 800 |340/1034] 273 | 37 | 3310 | 20 | 836 | 920 |207/807

4 %%@%2%1135‘; 217 | 91 | 3658 | 58 | 81.8| 870 [333/1036 271 | 28 | 3273 | 09 | 85.4| 950 | 206/901

5 ;%@}HH?FCC%“ZZ 215 | 84 | 3627| 49 |808| 870 |338/1043( 273 | 37 | 3250 | 02 | 62| 980 |208/012
19%HC290710%

6| HFCI34a | 218 |95 |3753| 86 |820| 820 |348/1054) 274 | 40 | 3378 | 41 |868| 920 |210/938
/89%HFC152
296HC290/10%

7| HFCI3a | 20953 |371|85 |817| 770 [356/1002] 273 | 34 (3462 | 67 |873| 920 |214/976
/88%HFC152
59GHC290/10%

8| HFCI34a | 194 |-24|3756 | 86 |809| 750 |403/1182] 248 |-61|3473 | 70 |880| 70 |2a1/1107
/85%HFC152a
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