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Abstract

An automotive air-conditioning system and refrigeration truck is normally used refrigeration R134a and
R404A. The natural refrigerant R744 is one of alternative refrigerant for refrigeration truck. In this study, the
theoretical study on the performance comparison between R744, R134a, and R404A for the refrigeration truck.
The cooling capacity, compressor work, and COP of R744 refrigeration system were analyzed according to
outdoor air temperature and compressor rotating speed. Also, those are compared with those of R404A and
R134a system. As a result, the performance of all systems with the outdoor temperature was rapidly decreased.
The performance decrement of R404A is relatively higher than that of other system. In the change of RPM,
the increasing rate of cooling capacity and compressor work of the R404A, R134a, and R744 system reached
the highest at 1500 RPM. The data of this study is to provide the basic performance data of refrigeration system
of refrigeration truck.
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1. Introduction

As parcels and distribution supply recently increased, energy consumption for the storage and transport of
parcels is increasing. In particular, the energy consumption for delivery has increased even more as the demand
for delivery has increased compared to the storage of items. In addition, as the delivery of products requiring
freshness from among the delivered products increases, the demand for a refrigeration truck using a
refrigeration system is increasing to keep the temperature of the product storage room constant at all times.

Refrigeration trucks consume more energy than general trucks by using a refrigeration unit to maintain a
constant temperature in the product storeroom. Therefore, research on improving the performance of
refrigeration truck is essential for energy saving. The Ozone Depletion Potential (ODP) of R404A and R134a
refrigerants, which are widely used in the refrigeration industry, is currently 0, but the Global Warming
Potential (GWP) is very high at 4,700 and 1300, respectively. Regarding refrigerants used in automotive air
conditioning systems, the European Commission has decided to regulate the use of refrigerants more than
GWP of 150 for new vehicles since 2022. R744 refrigeration system can miniaturize because R744 refrigerant
has a smaller specific volume than R404A and R134a. In addition, it can be used even at low temperatures
since the boiling point is low. Table 1 showed the properties of refrigerant used in this study.

In this study, R404A, R134a and R744 refrigerants were applied to the refrigeration system of refrigeration
trucks, and the performance of refrigeration truck refrigeration system was compared under various operating
conditions. The results of this study may provide basic data on the performance of refrigeration truck
refrigeration system with alternative refrigerants.
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Table 1 Refrigerant properties

Refrigerant R134a R404A R744
Molecular weight [kg/kmol] 102.03 97.6 44.01
Boiling point [K] 247.08 319.15 194.65
Critical temperature [K] 374.2 345.1 304.25
Critical pressure [MPa] 4.06 3.73 7.38
Latent heat of vaporization at 25°C [kJ/kg] 177.8 140.3 119.9
Flammability Inflammable Inflammable Inflammable
Ozone depletion potential 0 0 0
Global warming potential 1300 4700 1

2. Simulation modeling and analysis

The refrigeration truck refrigeration system used in this study was developed by selecting the refrigeration
truck currently operating on the road as the main analysis model. And the developed system shown in Fig. 1
is consist of compressor, condenser, expansion valve and evaporator. This simulation is conducted using the
EES program and the flow of performance analysis was carried out as shown in Fig. 2.

Fig. 1. Refrigeration cycle of refrigeration truck Fig. 1 Flow chart for the refrigerator cycle

2.1. Compressor modeling

The compressor of R404A, R134a and R744 used in the analysis of this study was selected due to its
durability and widely used as swash plate compressor of automobile air conditioning systems. In the case of
R744, as the rate of heat capacity is bigger than R404A and R134a, the stroke volume of the compressor is
controlled to obtain the same refrigeration capacity from the system. The equation (1) was used to calculate
the mass flow rate of R404A, R134a and R744. The volumetric and isentropic efficiency of R404A, R134a,
and R744 in this study was used based on the experiment of previous study [1-3]. The volumetric and isentropic
efficiency of the refrigeration system for R404A were used the equation (2) and (3) [1], respectively. In case
of the refrigeration system with R134a, It was calculated by the equation (4) and (5) [2]. The volumetric and
compression efficiency of refrigeration system for R744 was calculated by the equation (6) and (7) [3].

M, = n%dgspzvz_:
@

Togaosn = 03596 + 1.1072 X S, — 0.08132 X & + 0.0001175 X N — 0.4025 x SZ — 2.449 X 108N2  (2)
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Tigaoaa = 0.2402 + 1.4187 X S, — 0.09698 X & + 0.000123 X N — 0.5852 X S, — 2.457 x 1078N2 3)
1

Mori3sa = 0.8263 [1 —0.09604 (s?) - 1] @)

Nir13sa = 0.9343 — 0.04478 X ¢ )

Mor7as = 1.149768 + 0.001025 X P, 1, — 0.003592 X P, — 13.660815 X V; + 0.000059 X N ()

Nerras = 0.781749 — 0.000956 X P gy — 0.003812 X SH, s — 0.003565 X T 5 + 0.000033 x N ©)

2.2. Heat exchanger modeling

The condenser consists of four rows and is divided into two tubes. And the evaporator is divided into six
tubes and consists of eight rows each. Detailed specifications of the heat exchanger are shown in Table 2. In
this study, the heat transfer and pressure drop correlation of single-phase and two-phase used for modeling of
R404A, R134a and R744 system is shown Table 3. In addition, the heat transfer coefficient and pressure drop
for the analysis of air side used the correlation of the Wang [14].

Table 2 Specification of heat exchanger

Specification Condenser Evaporator
Fin interval [mm] 2.1 4.56
Fin height [mm] 25.78 22.64
Fin width [mm] 24.83 26.13
Tube diameter [mm] 9.5 9.5
Tube thickness [mm] 0.5 0.5
Total size [mm] 760.2(L)*283.5(H)*99.3(W) 864.6(L)x135.8(H)*209(W)
Table 3 Heat transfer coefficient and pressure drop of R404A, R134a, R744 for heat exchanger modeling
R404A R134a R744
Single- phase Two- phase Single-phase Two-phase Gascooler Evaporator
Heat . L
. Dittus and Gungor and Gnielinsk Yoon et al
transfer Wangl4] Traviss[6] Boelter[8]  Winterton[10] [11] [13]
coefficient
Pressure . . Fanning and Fanning and . Yoon et
drop Blasius[5] Fridel[7] Pierre[9] Pierre[9] Churchill [12] al[13]

2.3. The expansion device modeling

The expansion device used in the R404A, R134a, and R744 system used the electron expansion valve. The
electron expansion valve is comprised of the orifice, needle and the drive stepping motor. The orifice diameter
used to the modeling of R404A and R744 system was 1.6 mm. It used the equation of the Hwang and Kim
[15]. The orifice diameter of the R134a system was 1.4 mm and it used the equation of the Chung et al [16].

2.4. The frost analysis

The frost growth in the evaporator has an bad effect on the system efficiency due to the decrease of heat
transfer area in the heat exchanger. The thermal resistance and heat transfer coefficient of the frost layer was
applied to the heat exchanger analysis of the R404A, R134a and R744. Thermal conductivity and density of
the frost layer was calculated according to the equation proposed by Lee at al. [17] and those are calculated by
the equations (8) and (9).

kf — kice x 0.26259(Red)°'494°6(F0)0‘18733 (Wa)—0.25087 (T;)—7A20328(Tg)5.5004 (8)

Pf = Pice X 0.00008(Red)0'44785(F0)0'21083(Wa)_0'53939(T;)23'90830(T:)5'69576 9)
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3. Results and discussion

In this study, the performance characteristics of the system were investigated the performance for
refrigeration cycle of the designed refrigeration truck refrigeration system using R134A, R404A, and R744
refrigerant. Fig. 3 showed the variation of COP, compressor work, and cooling capacity according to the
change of outdoor air temperature. As the outdoor air temperature increased from 25°C to 35°C, the
compressor work of R404A, R134a, and R744 system increased by 19.1%, 13.1%, and 16.8%, respectively
and the refrigeration capacity ratio decreased by 43.1%, 9.0%, and 41.5%, respectively.

Fig. 4 showed the variation of COP, compressor work, and cooling capacity according to the change of
compressor rotating speed. As the compressor rotating speed increased from 1000 rpm to 3000 rpm, the ratio
of compressor work and of refrigeration capacity rapidly increased at the system of R404A, R134a, and R744.
Accordingly, the ratio of COP decreased because compressor work more increased than refrigeration capacity.
The COP ratio of R404A and R744 system showed maximum value at the compressor rotating speed of 1500

rpm.
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Fig. 3. Variations of compressor work, capacity, COP with Fig. 4. Variations of compressor work, capacity, COP with
outdoor air temperature compressor rotating speed

4. Conclusions

In this study, R404A, R134a and R744 refrigerants were applied to the refrigeration system of refrigeration
trucks, and the performance of refrigeration truck refrigeration system was compared under various operating
conditions. An automotive air-conditioning system and refrigeration truck is normally used refrigeration R134a
and R404A. The natural refrigerant R744 is one of alternative refrigerant for refrigeration truck. In this study,
the theoretical study on the performance comparison between R744, R134a, and R404A for the refrigeration
truck. The cooling capacity, compressor work, and COP of R744 refrigeration system were analyzed according
to outdoor air temperature and compressor rotating speed. Also, those are compared with those of R404A and
R134a system. As a result, the performance of all systems with the outdoor temperature was rapidly decreased.
The performance decrement of R404A is relatively higher than that of other system. In the change of RPM,
the increasing rate of cooling capacity and compressor work of the R404A, R134a, R744 system reached the
highest at 1500 RPM. The data of this study is to provide the basic performance data of refrigeration system
of refrigeration truck.
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