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Development of Performance Analysis Program and the Study of Substitution

Refrigerant R1234yf for Vehicle Refrigerant Compressor

. + . . *
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ABSTRACT: The compressor’s efficiency affects on the fuel consumption of the vehicle because
the compressors for car air-conditioning system are operated by engine-driven. Especially, the
refrigerant is being changed recently from R134a to substitution refrigerant to protect environment
pollution that people concerned about. However, that leads to lower efficiency of the car air-
conditioning system and worse fuel consumption of the vehicle. Thus, this paper is focused on
the methods for improvement of the compressor’s efficiency that affects on the fuel consumption
of the vehicle by numerical analysis for compressor’s performance and the measurement of cylinder
volume and pressure when the compressor is being operated.

Key words: Compressor($t=:71), Performance(# s ), Simulation(%}=7] o] 2 a]4]), Substitution
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Fig. 1 Variable swash plate compressor.
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Fig. 2 Compressor analysis modeling.
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Fig. 3 Gap sensor install for measurement
piston top dead center.
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calculation result.
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Table 1 Operating condition for R134a
compressor-VDA

VDA T VDA II
Rotation Nc [rpm] 800 2000
Suction Ps [bar, abs] 5.0 2.8
Discharge Pd  [bar, abs] 20.0 16.0
Super heat [K] 10K 10K
Sub cool K] 5K 5K

—Peyi[barG]  —Gap[V]
25 25

—Pd_set —Ps_set —Pcyl[bar,A] —Gap[V]

Over compression work

P-V Area
= Compression work

Pressure
sensor

Pressurefbar,Gl,Gap sensor voltage[V]
Pressure[bar,absj],Gap sensor voltage[V}.

R
\ Suction pressure drop work

Gap sensor 0
0.00 0.02 0.04 0.06 0 2 40 60 80 100

Time[sec] Cylinder volumefcc]

Fig. 6 Pressure-volume measurement data.
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Fig. 8 Experiment and simulation result-VDA IL

Table 2 Performance result analysis

Test condition Experiment Simulation

Cooling capacity 2.46 2.46 (kW]
Compression work 784 792 [W]
VDA i
X Over compression 147 191 [W]
work
Suction pressure 157 109 [W]
drop work
Cooling capacity 3.34 341 (kW]
Compression work 1309 1357 [W]
VDA i
o Over compression 624 59 [W]
work
Suction pressure 9.9 817 [WI
drop work
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Table 3 Property of Rl134a and R1234yf

Properties R134a R1234yf
ODP 0 0 (-]
GWP 1410 4 (-]
Boiling point, Th -26 -29 [TC]
Critical point, Tc 102 95 [C]

Vaper pressure, (25TC) 0.665 0.673 [MPa]
Vaper pressure, (80C) 2.63 2.47 [MPa]

Vapor Density, (25C) | 3235 3760 [ke/m’]
25
2.0 e
—_ / —R134a
£, 4
[
2 10
[
a ——1234yf
05 T
-—"/
0.0
20 ) 20 40 60 80 Templdeg]

Fig. 9 Saturation line of R134a and R1234yf.

Table 4 PH diagram analysis result

Comp speed 800rpm 2000rpm

Evaporation temp 15.73 -1.23 [c]
Condensation temp 67.48 57.91 [cl
Super heat 10 K 10 K [K]
Sub cool 5K 5K [K]

R134a R1234yf R134a R1234yf
Suction pressure 5 5.15 2.8 3.0 [bar, Al
Discharge pressure| 20 19 16 15.37 [bar, Al
Suction density 23 271 132 1602 [kg/m’]
Eva enthalpy 12577 945 1306 981 [k]/kg]
Comp enthalpy 30.1 24.2 384 305 [k]/kgl
Cooling capacity 100 88.6 100 915 [%]
Comp power 100 94.7 100 96.4 [%]
cor 100 93.6 100 946 [%]
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800rpm performance analysis result

Mollier diagram Simulation calculation result
96%
94%
92%
90% -
o N
88% ~=
86%
84%
Cooling capacity ratio Compression Power Coefficient of
ratio performance ratio
2000rpm performance analysis result
Mollier diagram Simulation calculation result
105%
100% v
95% e B
( 1
0% "
85%
Cooling capacity ratioc Compression Power Coefficient of
ratio performance ratio

Fig. 10 PH Diagram and Simulation result

analysis.
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Table 5 Performance simulation result

2000 rpm
R134a R1234yf R1234yf

Mass flow rate 100.12 12450 1253 [kg/hl
Capacity 341 3.12 314 [kW]
Compression work 1357 1347 1328 [W]
Ideal compression 1216 1179 1183 [W]
work

Over compression 59 71 61 [W]
work

Suction drop work 81 97 4 [W]
Volume efficiency 70.5 72.0 724 [%]
Suction volume Loss 6.3 5.3 48 [%]
Leakage volume loss 0.1 0.1 01 [%]

Re-expansion loss 23.1 22.6 229 [%]
Coefficient of 100 9% 94 [%]
performance
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