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Simulation on performance characteristics of eco-friendly
refrigerated trucks using alternative refrigerants
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Abstract The refrigeration system for refrigerated vehicles is installed on trucks and plays a vital role
in the cold chain system by maintaining a constant cargo temperature during transportation to its
destination. With the expansion of electric commercial vehicles, the interest in developing refrigeration
systems for converting refrigerated trucks to electric vehicles has increased. A simulation was conducted
to compare the basic performance characteristics of the refrigeration cycle of the R404A and R454C
refrigerants used in this study. A refrigeration cycle analysis was performed on the R404A system using
a conventional engine-driven compressor and the R454C system using an alternative system, an
electric-driven compressor. When the evaporation temperature changed from -25 to 0°C, the cooling
capacity and compressor power consumption of the R404A system increased by 251.9% and 72.6%,
respectively, and the cooling capacity and compressor power consumption of the R454C system
increased by 148.5% and 10.5%, respectively. When applying the alternative refrigerant R454C to electric
commercial vehicle refrigerated trucks as a conversion system for internal combustion engine
refrigerated trucks for small commercial vehicles, the overall performance was better than the existing
R404A system.
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Fig. 1. Cold chain system
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Table 1. Comparison of R404A and R454C

Refrigerants R404A R454C
Chemical formula Mlijclzl(;re Hhii(/tljff
Molecular weight point(g/mol) 97.6 90.8
Boiling point(C) -46.5 -45.9
Safety group Al A2L
Autoignition temp.(C) >750 -
LFL/UFL(vol. % in air) None 11.8-12.9
Heat of vapor(kJ/kg) at 0T 165.8 189.1
ODP 0 0
GWP 3,922 146
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Table 2. Theoretical performance of refrigerants for
refrigerated trucks

Refrigerants R404A R454C

Cond. temperature 54.4T 54.4T
Cond. pressure 2551 kPa 2382 kPa

Evap. temperature -23.3C -23.3C
Evap. pressure 264.6 kPa 190.9 kPa

Comp. pressure ratio 9.643 12.48

Comp. outlet temperature 72.92T 84.3T
Comp. power consumption 48.02 W/kg 61.73 W/kg
Cooling capacity 84.46 W/kg 111.4 W/kg

COP 1.8 1.804
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Table 3. Specification of compressor

Specification Bock FKX20 Hitachi FL300
Type Reciprocating Scroll
Displacemen 25 / 1450 56 / 3,470
(cm’/rpmt
Driven type Engine Electric
Capacity(kW) 3.47 3.70
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Fig. 2. Cooling capacity comparison of the measured
data with the predicted data for BOCK
COmMpressor.
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Fig. 3. Compressor power consumption comparison

of the measured data with the predicted data
for BOCK compressor.

Table 4. Correlations coefficient of Bock and Hitachi

O Hitachi FL300DL-56C3 Comp.

Predicted cooling capacity [kW]

Measured cooling capacity [kW]

Fig. 4. Cooling capacity comparison of the measured
data with the predicted data for Hitachi
compressor.
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Table 7. Specification of evaporator in refrigerator

trucks
Variable Input value
Width 706 mm
Evap{o rator Height 595 mm
size
Depth 190 mm
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Fig. 6. Simulation results with R404A and R454C.
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Table 9. Comparison of refrigeration cycle performance

Evaporator Refrigerants
Items
temperature R404A | R454C
Mass flow rate(kg/s) 0.03178 | 0.03037
-20C
Comp. outlet temp. 90.92 105.6
10T Mass flow rate 0.05058 | 0.04194
Comp. outlet temp. 84.08 93.59
ot Mass flow rate 0.07437 | 0.05642
Comp. outlet temp. 80.23 87.39
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