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AHEE Sl=Tl o] Wule] thA Wul= A R152a, R1234yf, R290 o] Z-dwa Qlok. weba] &2 ¢tol
Ae g S EFZ A A Yol R134a, R152a, R1234yf, R290& 2 83lo] S|EFHZ A AH 9
Aol FFE vAE FEE, RYE, FULE, SFE520 TE Yujo] & vus E4sH I
o A% o3y Zoh AsAe SHolAs RI2a7t 7P skl @ $HE& SHolA =
R152a%} R2900] -85St}

719 = : diAYull, R134a, R152a, R1234yf, R290

Abstract : In electric vehicles, the heat generated from the engine cannot be utilized, and the driving range
decreases sharply if a PTC heater is used, so the heat pump system is an essential not only in electric
vehicles but also in hybrid vehicles. Accordingly, various studies on vehicle heat pump systems are being
conducted, and R134a has been widely used in heat pump systems, but R152a, R1234yf, and R290 are
gaining attention as alternative refrigerants. Therefore, in this study, R134a, R152a, R1234yf, and R290 were
applied as refrigerants in vehicle heat pump systems, and a comparison was analyzed according to the
superheating, subcooling, evaporation temperature, and condensation temperature that affect the performance
of the heat pump system. The main results are as follows. In terms of the coefficient of performance,
R152a was the most advantageous, and in terms of the refrigerant charge rate, R152a and R290 were
advantageous.
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Fig. 1 Schematic diagram of heat pump system

Table 1 Balance formula for each component of

heat pump system

Component Energy Mass
Compressor(1—2)  Weov=m (h-hy) . .
Condenser(2—4) Qc=m (ho-hy) e
Subcooling degree(3—4) ATsus U
Expansion valve(4—5) hy=hs -m 3=7ﬁ y
Evap‘ora‘[or(SH 1) Qe=m(h;-hs) =7ﬁ5=7ﬁ6
Superheating degree(6—1) A Tsup
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Fig. 2 P-h diagram of heat pump
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Fig. 3 T-s diagram of a heat pump system with

respect to refrigerants

Table 2 Analysis conditions of heat pump system

Parameter Range Unit
Compression efficiency 0.8% /
Mechanical efficiency 0.8% /

ICondensation temperaturel 30, 35, 40, 45*% 50| C
Evaporation temperature | -12, -7, -2, 2, 7* | C
Subcooling degree 0*, 5, 10, 15, 20 | C
Superheating degree 0*, 5, 10, 15, 20 | C
Cooling capacity 3.86% kW

* . Standard conditions
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Fig. 4 Variation of COP and mass flowrate with

respect to superheating degree

Table 3 Enthalpy difference of inlet and outlet in

evaporator with respect to superheating degree

R134a R152a | R1234yf R290
0cC 138.7 230 105.4 25938
5C 143.3 235.9 110.3 269
10 147.9 241.8 115.1 278.2
15T 152.5 247.6 119.9 287.4
20C 157 253.4 124.7 296.6
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Table 4 Enthalpy difference of inlet and outlet in
compressor with respect to superheating

degree
R134a R152a R1234yf R290
0C 36.63 58.19 29.49 70.21
5C 37.7 59.77 30.46 72.33
10C 38.73 61.3 31.36 74.38
15¢C 39.74 62.79 32.24 76.38
20T 40.72 64.25 33.1 78.33

Table 5 COP variation of R134a, R152a, R1234yf
and R290 by increasing of superheating

degree
R134a R152a R1234yf R290
0C 3.786 3.953 3.574 3.7
5T 3.801 3.947 3.62 3.72
10C 3.818 3.944 3.668 3.74
15C 3.837 3.943 3.717 3.763
20C 8.857 3.944 3.766 3.787
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Fig. 5 Variation of COP and mass flowrate with

respect to subcooling degree

Table 6 Enthalpy difference of inlet and outlet in

evaporator with respect to subcooling degree

R134a R152a | R1234yf R290
0°C 138.7 230 105.4 259.8
5°C 146.3 239.6 112.8 274.6
10°C 153.7 248.9 120.1 289
15°C | 160.93 258.2 127.3 303
20°C 168.1 267.3 134.2 316.8

Table 7 Enthalpy difference of inlet and outlet in

compressor with respect to subcooling degree

R134a R152a | R1234yf R290
0°C 36.63 58.19 29.49 70.21
5°C 36.63 58.19 29.49 70.21
10°C 36.63 58.19 29.49 70.21
15°C 36.63 58.19 29.49 70.21
20°C 36.63 58.19 29.49 70.21
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