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Abstract:

Objective: This paper compares the thermodynamic performance of R-32 and R-134a in a vapor-compression refrigeration system
for a2-ton/day fish cold storage unit operating at —20 °C with a 30 °C ambient temperature. Methods and Materials: A steady-state
energy analysis was performed with evaporator and condenser temperatures set at =30 °C and 35 °C, respectively. The compressor
isentropic efficiency was taken as 90%. The cooling load calculation was done using a fish-specific heat capacity of 3.6 kJ/kg-K.
Mass flow rate, compressor work, condenser heat rejection, airflow rate, and COP were calculated using first-law energy equations.
Results and Discussion: R-134a had a slightly higher COP of2.411 compared to R-32’s2.397, with compressor powers of 1.728 kW
and 1.739 kW, respectively. R-32 had a lower mass flow rate (17.29 g/s compared to 31.73 g/s) but a higher discharge temperature
of approximately 96 °C and a much higher operating pressure. The airflow rate for the condenser was 867 m*/h for R-32 and 1580
m?*/h for R-134a. Conclusions: R-32, despite its lower GWP (650 compared to 1300), has higher thermal and mechanical stress.
R-134a has slightly better performance and operating conditions that are safer for this cold storage application.

Keywords: Cold Storage, GWP, ODP, Performance, R-134a, R-32.

Resumen:

Objetivo: este trabajo compara el desempefio termodindmico de los refrigerantes R-32 y R-134a en un sistema de refrigeracién por
compresion de vapor disefiado para una cdmara de almacenamiento de pescado con capacidad de 2 toneladas por dia, operando a
—20 °C con una temperatura ambiente de 30 °C. Métodos y materiales: se realiz6 un andlisis energético en estado estacionario con
temperaturas del evaporador y del condensador fijadas en —30 °Cy 35 °C, respectivamente. La eficiencia isentrépica del compresor
se asumi6 en 90 %. La carga de enfriamiento se calculd utilizando un calor especifico del pescado de 3.6 kJ/kgK. El caudal mésico,
el trabajo del compresor, el calor rechazado en el condensador, el caudal de aire y el COP se determinaron mediante ecuaciones de
energfa basadas en la primera ley de la termodindmica. Resultados y discusién: el R-134a presenté un COP ligeramente superior
(2.411) en comparacién con el R-32 (2.397), con potencias del compresor de 1.728 kW y 1.739 kW, respectivamente. El R-32
requirié un caudal masico de refrigerante menor (17.29 g/s frente a 31.73 g/s), pero alcanzé una temperatura de descarga més alta
(aproximadamente 96 °C) y una presién de operacidn considerablemente mayor. El caudal de aire en el condensador fue de 867
m*/h para el R-32 y de 1580 m*/h para el R-134a. Conclusiones: a pesar de su menor potencial de calentamiento global (GWP)
(650 frente a 1300), el R-32 presenta mayores esfuerzos térmicos y mecénicos. El R-134a ofrece una eficiencia ligeramente superior
y condiciones de operacién mds seguras para esta aplicacién de almacenamiento en frio.

Palabr as clave: almacenamiento en frio, GWP, ODP, rendimiento, R-134a, R-32.
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Introduction

Air conditioning is a widely adopted technology that delivers cooling and comfort in various settings,
encompassing residential, commercial, and industrial buildings. Pérez-Garcia et al. [1] highlights the
staggering figure of 1.5 billion refrigerators and freezers currently in use, underscoring the profound impact
of refrigeration systems on human life. Besides providing personal comfort during hot days, air conditioning
plays a vital role in preserving food and medicine [2]. Freezing has long been recognized as the most effective
technique for long-term food storage, as evidenced by the consistent increase in consumption of frozen
foods across industrialized nations [3][4]. However, frozen foods inevitably experience a decline in quality
compared to their fresh counterparts due to food tissue damage and drip loss during thawing, primarily caused
by the formation of ice [5]. To mitigate the quality disparity between fresh and frozen foods, rapid freezing
and storage at low temperatures are imperative [6]. To ensure food preservation, maintaining temperatures
of at least -18°C or below is essential, necessitating continuous operation typically spanning 24 hours a day
[1]. The conventional approach involves employing a refrigeration system to extract heat from a given area
and cool it under controlled conditions [7].

However, traditional cooling systems such as vapor compression (VC) refrigeration systems consume
substantial amounts of energy, resulting in high electricity demand and greenhouse gas emissions [8].
The International Energy Agency (IEA) [9] reported that approximately one-fifth of the total electricity
consumed in buildings globally can be attributed to the use of air conditioners and electric fans for
maintaining comfortable temperatures. Addressing the issue of greenhouse gas emissions and tackling climate
change while sustaining economic development presents a critical challenge, as nearly 40% of the potential
for reducing such emissions lies in enhancing energy efliciency [10].

Growing concerns about global warming and ozone depletion led to the adoption of the Montreal
Protocol in 1987, aiming to regulate the use of refrigerants [11]. Factors such as flammability, ozone
depletion potential (ODP), and global warming potential (GWP) have been consistently monitored in the
selection and utilization of refrigerants to address environmental concerns [12][13][14][15]. In the past,
refrigeration systems commonly employed ozone-depleting substances like chlorofluorocarbons (CFCs) and
hydrofluorocarbons (HFCs) [16]. While CFCs were completely phased out by 2010, certain HFCs, such as
Methylene Fluoride (R-32), are still accepted by the U.S. Environmental Protection Agency (EPA) [17]. R-32
also boasts a reduced Global Warming Potential (GWP) of 675 compared to typical refrigerants. Moreover,
the refrigerant system requires a smaller charge due to R32’s lower density compared to conventional options
[18].

Although HFCs exhibit low or zero ODP, their GWP remains relatively high. Consequently, the
Kigali Amendment, signed by over 150 countries in 2016, was established to reduce the production and
consumption of HFCs [19]. Subsequently, numerous refrigerants have been developed as replacements.
However, the introduction of new refrigerants often raises concerns about flammability or necessitates the
redesign of components such as compressors, heat exchangers, or expansion devices [20]. Consequently,
certain HFCs continue to be used as refrigerants in various parts of the world.
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TABLE 1.
Physical and Environmental Properties of R-32 and R-134a [21]
Refrigerant
Properties
R-32 R-134a
Standard Boiling Point (°C) | -58.1 -26.1
Critical Temperature (°C) 78.52 101.1
Critical Pressure (MPa) 7.38 4.06
GWP 650 1300
ODP 0 0
Non-Flammable
ASHRAE Flammability Low (A2L)
(Al)
Source: [21]

In a study conducted by Mishra et al. [22], it was found that the coefhicient of performance (COP) of R-32
is higher when compared to R-410A. Additionally, R-32 was found to have a lower global warming potential
(GWP) compared to R-410A. On the other hand, Gaurav and Kumar [23] noted that R-134a remains widely
favored for mobile air conditioning systems due to its exceptional thermal stability, non-corrosive properties,
and low toxicity [24]. Hadi et al. [25] also reported that R-32 exhibits lower COP for heat pump applications
but is more environmentally friendly than R-134a, while R-134a is safer in terms of its impact on safety. Table
1 provides an overview of the physical and environmental properties associated with both refrigerants.

Several studies have also demonstrated the potential of R-32 as an alternative working fluid to
R-134a in energy conversion and refrigeration-related systems. Al Azhari et al. [26] studies on low- to
medium-temperature energy systems, including Organic Rankine Cycle applications, have shown that R-32
outperforms R-134a in terms of net power output under comparable operating conditions. In addition to its
thermodynamic advantages, Life Cycle Climate Performance (LCCP) analyses indicate that R-32 has lower
direct emissions and improved environmental performance compared to R-134a. Prabha and Rambabu [27]
evaluated the suitability of R32 as a replacement for R-134a in a 1.5-ton room air-conditioning system using
both experimental testing and simulation. Their results show that R32 provides higher performance efficiency
and lower compressor power demand than R-134a, and, as an ASHRAE A2L-classified refrigerant with a
shorter atmospheric lifetime, represents an effective option for retrofittingair-conditioning systems originally
designed for R-134a.

Moreover, Rayhan et al. [28] compared R-134a, R-744, and R-32 for fishing boat refrigeration systems
using thermodynamic simulations across varying pressures (800-1000 kPa) and operating temperatures.
The results show that R-32 achieves higher COP and lower energy consumption than R-134a, while
R-744 exhibits the poorest performance and practical challenges for Indonesian fishing vessels. Bolaji [29]
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experimentally evaluated R-32 and R-152a as alternatives to R-134a in a domestic refrigerator originally
designed for R-134a. Results showed that, compared to R-134a, R-32 achieved the target ISO design
temperature and pull-down time more slowly and exhibited an average COP about 8.5% lower, indicating
reduced efliciency under domestic refrigeration conditions. Although R-32 is environmentally preferable to
R-134a, the findings suggest that its performance in small domestic refrigerators may be inferior, highlighting
that its suitability depends strongly on system design and operating conditions.

In terms of heat transfer performance, an experimental investigation of condensation heat transfer on a
horizontal tube conducted by Mohammed and Kumar [30] demonstrated that R-32 exhibits significantly
superior heat-transfer performance compared to R-134a under saturation temperatures of 40-50 °C and
varying wall sub-cooling conditions. At identical operating conditions, R-32 achieved 50-55% higher
condensing-side heat-transfer coefficients than R-134a, primarily due to its favourable thermophysical
properties. An experimental study by Shete et al. [31] demonstrated that R-32 exhibits boiling heat transfer
characteristics comparable to or superior to those of R-134a, particularly on enhanced tube surfaces, where
higher nucleate boiling heat transfer coefficients were observed across a range of heat fluxes and saturation
conditions; these results indicate that R-32 can offer improved evaporator heat transfer performance
relative to R-134a, supporting its suitability as a low-GWP alternative refrigerant in refrigeration and air-
conditioning applications. Experimental investigations on flow condensation comparing pure R-32 and
R-134a conducted by Shao and Granyd [32] have shown that R-134a generally experiences higher pressure
drops due to its lower vapor density, whereas R-32 exhibits more favourable pressure drop characteristics
under similar operating conditions, while differences in heat transfer performance are influenced by mass flux,
heat flux, and flow regime; overall heat transfer degradation results from the combined effects of temperature
and concentration gradients, slip effects, and non-ideal thermophysical properties rather than any single
dominant factor.

This paper presents the thermodynamic design of a cold storage facility for fish, aiming to develop
an optimized and efficient storage system that fulfils the specific requirements for preserving fish quality
and extending shelf life. The study utilizes refrigeration systems operating with R-32 and R-134a. The
vapor compression system, a well-established and widely used system in thermodynamic engineering, is
comprehensible and consists of components such as the evaporator, condenser, compressor, and expansion
valve [33]. A higher coeflicient of performance (COP) in VC systems indicates reduced energy consumption
per unit of refrigeration capacity [ 34][35]. The thermodynamic properties of refrigerants, including enthalpy,
entropy, temperature, and pressure, significantly influence the COP.

The research aims to investigate various design parameters, encompassing refrigerant characteristics,
refrigeration systems, airflow patterns, and performance evaluation. Its objective is to determine the most
suitable combination of these factors to ensure optimal conditions for fish storage. Furthermore, the research
addresses challenges related to energy efficiency. Through comprehensive analyses and simulations, the study
seeks to generate data and insights that inform the development of a cold storage facility specifically tailored
to the unique requirements of fish storage. The ultimate goal is to provide practical design recommendations
and guidelines that enhance the performance and functionality of the cold storage facility, leading to
improved fish quality, reduced waste, and enhanced economic viability for the fisheries industry.

Methodology

System Description

Figure 1 illustrates a cold storage system that utilizes a vapor compression mechanism. The system operates
based on the fundamental principle of utilizing fluid characteristics, such as the boiling temperature
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associated with pressure and the latent heat of phase change, to enable heat transfer from a lower temperature
region to a higher temperature region within the cycle [36].

In cold storage, the refrigerants absorb the heat and undergo a phase change from a liquid state to
a vapor in the evaporator. The vapor is then compressed by the compressor, resulting in an increase in
pressure and temperature of the refrigerant. This high-pressure and high-temperature refrigerant vapor is
directed to the condenser, where it releases heat to the surrounding environment and condenses into a
high-pressure liquid. Typically, this heat transfer occurs through a heat exchanger with the assistance of a
fan or cooling medium. The high-pressure liquid refrigerant then passes through the expansion valve, where
its pressure and temperature are rapidly reduced. This expansion causes a pressure drop, transforming the
refrigerant into a low-pressure mixture of liquid and vapor. The refrigerant undergoes this cycle of
compression, condensation, expansion, and evaporation repeatedly, facilitating the transfer of heat from the
lower temperature region (the evaporator) to the higher temperature region (the condenser). This cyclic
process enables the achievement of cooling or refrigeration.

The objective of the designed cold storage system was to maintain a temperature of -20 °C while
accommodating a daily storage capacity of 2 tons of fish. This goal had to be achieved even in an ambient
temperature of 30 °C. In the studied refrigeration system, several conditions were set; R-32 and R-134a were
chosen as the refrigerants; air humidity was disregarded; the evaporator temperature was set at -30 °C; the
condenser temperature was set at 35 °C; and the compressor isentropic efficiency was assumed to be 90%

[37].
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FIGURE 1.

Schematic diagram of a refrigeration system
Source: Authors’ own creation.

Numerical Equations

The following assumptions are used in the cycle calculations:
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a) Steady-State Operation
The refrigeration cycle calculations assume steady-state operation, where the system has reached a
stable operating condition without significant temperature, pressure, or parameter variations. Start-
up and shut-down transient effects are neglected for simplicity.
b) Negligible Pressure Drops
Pressure drops at the condenser and evaporator in the refrigeration system are assumed to be
negligible.
c) Negligible Heat Transfer Resistance
Heat transfer between the refrigerant and surrounding components, such as evaporator and
condenser walls, is assumed to occur without significant thermal resistance. This assumption
simplifies the analysis by considering perfect heat transfer across these boundaries.
d) No Superheat Evaporation and Subcooling Condensation
In some simplified calculations, the presence of superheating (vapor above its saturation
temperature) and subcooling (liquid below its saturation temperature) may be neglected. Although
these phenomena are common in actual refrigeration systems and can impact performance, they are
often disregarded for simplicity.

Cooling Load

In this scenario, the amount of cooling required in the cold storage is dependent on the fish being stored.

With an average specific heat capacity of the fish of 3.6 kJ/kg K [38][39], the cooling load can be computed
using Eq. (1).

Qload — Tnf'wh Cpfish AT (1)
Heat Transfer

The process of a refrigerant’s work cycle involves absorbing heat from a cold storage area and then releasing
that heat into the environment. This heat transfer rate at each component can be calculated using the energy
method formula as written in Eq. (2).

Q = mref Cp:l'ef AT (2)

In addition, by using the enthalpy change during the work cycle of the refrigerant, the heat transfer can be
calculated as described in Eq. (3).

Q = Mo AR ®)
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Mass Flow Rate of Refrigerant

In designing this cold storage, the mass flow rate of the refrigerant must first be determined by using Eq. (4)
as the product of density and volumetric flow rate.

m=pV (4)
Compressor Work

To ensure that the refrigeration system can work at its maximum potential, a suitable compressor power
is required. Therefore, it is necessary to calculate the isentropic efficiency that can be produced by the
compressor. This efficiency can be defined as the ratio of ideal (isentropic) work input to the actual work
input for the same inlet state and outlet pressure and can be calculated by comparing the ideal (isentropic)
and actual enthalpy increases of the refrigerant between the inlet and outlet of the compression process. Eq.
(5) can be used to calculate efficiency.

h2'—-h1
E = =
f f camg h2-h1 (5)

Coefficient of Performance (COP)

After determining the cooling load required for this cold storage and knowing the output power of the
compressor, the coeflicient of performance (COP) of this cold storage system can be obtained by comparing
the cooling load with the compressor’s power consumption. This will provide us with a COP value that can
be used as a reference in designing this cold storage. The COP calculation can be done using Eq. (6).

Qi n
Win (6)

COP =

Cooling Air Mass Flow Rate

The airflow rate at the evaporator and condenser is needed to determine how fast cooling air can exchange
at the evaporator with the air inside the system, as well as at the condenser with the ambient air. To calculate

both, Eq. (7) can be used.

Q i maircpair AT (7)
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However, there is a slight difference in the calculation of the airflow rate at the evaporator and the
condenser. To calculate the airflow at the evaporator, the heat within the system was used. On the other
hand, at the condenser, the air flow was calculated using the heat that exits through the condenser and the
temperature difference between the ambient air temperature and the temperature within the system.

Results and Discussions

Numerical analysis was conducted to compare the performance of R-32 and R-134a under the same
conditions, specifically at low target temperatures. The temperature of the refrigerant’s saturated liquid in
the condenser was set at 35 °C, while the temperature of the refrigerant’s saturated vapor in the evaporator
was set at -30 °C for both refrigerants. These temperature settings were chosen to ensure that the refrigerant
temperature is higher than the air temperature in the condenser for efficient heat transfer, and lower than
the air temperature in the cold storage for effective heat transfer. Various aspects, such as the work cycle,
temperature, pressure, coeflicient of performance (COP), and performance in the condenser and evaporator,
were evaluated to understand the performance of R-32 and R-134a.

Cycle Performance

Figure 2 illustrates the actual refrigeration cycle of each refrigerant on temperature-entropy diagrams.
Point 1 represents the saturated vapor condition of the refrigerant leaving the evaporator. Subsequently,
the refrigerants undergo compression during the process (1-2). During this process, the refrigerant enters
the compressor as a low-pressure vapor and is compressed to a high-pressure state, resulting in increased
temperature and pressure. In the condenser, heat from the refrigerants is transferred to the ambient air at the
outside temperature using blowers. This heat rejection causes the refrigerant to condense into a high-pressure

saturated liquid (2-3).
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FIGURE 2.

Cycle representative in T-s diagram of refrigerants (a) R-32 (b) R-134a

Source: Authors’ own creation.

Following that process, the high-pressure saturated liquid refrigerant undergoes an isenthalpic process
through an expansion valve or throttle, resulting in a significant pressure drop along with a change in
temperature and pressure (3-4). The low-pressure, low-temperature refrigerant then enters the evaporator,
where it absorbs heat from the cold storage, such as the air or the product being cooled. This heat
absorption leads to the evaporation of the refrigerant into a low-pressure vapor state (4-1).
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To determine the properties of the refrigerant at each state point, certain parameter values and conditions
must be known. State 1 represents the initial state of the refrigerant entering the compressor, typically in
a saturated vapor state. The temperature and pressure of the refrigerant can be determined based on the
desired cooling requirements and the properties of the specific refrigerant being utilized. Other thermal
properties, such as specific enthalpy and specific entropy, can also be determined from the refrigerant’s
saturation properties. State 2 corresponds to the refrigerant’s state after the compression process. The pressure
at this point is typically equal to the pressure at State 3, which is usually high due to compression.

To determine the properties at State 2, an assumption is made that the isentropic efficiency of the
refrigerant compression process is 90%. This assumption is commonly adopted in practical refrigeration cycle
analyses to simplify the modelling, and it is consistent with the reported efficiency range of low- to high-
performance compressors, which typically spans from 65% to 100% [37]. Recent studies on compressor
performance and system-level thermodynamic analyses report isentropic efficiencies approaching 90% for
modern, well-designed compressors operating near their rated conditions, supporting the validity of this
assumption [40][41]. State 3 represents the refrigerant’s state after the heat rejection process in the condenser,
assumed to be in a saturated liquid state. The pressure at this point is typically high, similar to State 2. The
temperature and other properties of the refrigerant at State 3 can be determined based on the heat rejection
process occurring in the condenser. The specific enthalpy and specific entropy values can be obtained from
the refrigerant’s saturation properties. Lastly, State 4 refers to the refrigerant’s state after the expansion process
in the expansion valve or throttle. The pressure at this point is the same as the pressure at State 1, which is
generally low. In the ideal refrigeration cycle, the enthalpy at State 4 is assumed to be the same as the enthalpy
at State 3, disregarding any energy losses or non-idealities.

Peak Temperature

During refrigerant operation, the condenser experiences elevated temperatures due to the high thermal
energy of the compressed refrigerant. As the refrigerant flows through the condenser, the heat exchanger
removes heat from the system and rejects it to the surroundings. Figure 2 illustrates the actual vapor
compression cycle of the refrigeration system, in which the compressor efficiency is taken into account. As
shown, R-32 reaches a peak compressor outlet temperature of approximately 96 °C to achieve a saturation
liquid temperature of 35 °C.

This elevated outlet temperature does not directly indicate superior heat-release capability but rather
signifies that a relatively larger amount of heat must be rejected in the condenser.

The heat-transfer performance in the condenser is strongly influenced by the thermophysical properties
of the refrigerant. Compared with R-134a, R-32 exhibits higher thermal conductivity and lower dynamic
viscosity, which enhances convective heat-transfer coeflicients on the refrigerant side [30]. In addition, R-32
has a higher vapor density, contributing to improved heat-transfer characteristics at comparable mass flow
rates. Although the latent heat of vaporization of R-32 is lower than that of R-134a, its favorable transport
properties compensate for this limitation, enabling effective heat rejection during the condensation process.

Nevertheless, the elevated condenser temperatures associated with R-32 introduce certain practical
challenges, particularly under high ambient temperature conditions. The reduced temperature margin within
the condenser may increase the risk of approaching supercritical operating conditions, which can degrade
system efficiency and stability.

Moreover, compressor outlet temperatures approaching 96 °C impose additional safety and reliability
considerations. Such temperatures can accelerate thermal aging of compressor components, increase
mechanical and thermal stresses, and potentially shorten equipment lifespan. From an environmental
perspective, the requirement to reject a larger amount of heat in the condenser is generally associated with
higher energy consumption and increased indirect greenhouse gas emissions.
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Therefore, while R-32 offers favorable heat-transfer characteristics due to its thermophysical properties,
careful thermal management and system design are essential to mitigate the associated drawbacks. Strategies
such as optimized condenser design, appropriate thermal insulation, and operation within safe temperature
limits are necessary to ensure efficient, reliable, and safe system performance.

Pressure Increment

In a vapor compression system, both compression and expansion play crucial roles in the cycle for heat release
from the cold storage. Compression is necessary to increase the refrigerant’s pressure, which allows it to raise
the temperature while minimizing changes in stored energy, and then release heat in the condenser. Figure 3
provides a comparison between different refrigerants.

One notable observation is that the pressure of R-32 can be up to three times higher than that of R-134a.
This high-pressure characteristic of R-32 brings certain challenges and considerations. Over-pressurization
can lead to potential issues such as leakage or even pipe blow-up in the capillary pipe, which regulates the
flow of refrigerant. To mitigate these risks, it becomes necessary to use thicker pipes in the vapor compression
system of R-32, ensuring that the system can handle the higher pressures without compromising its integrity.
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FIGURE 3.
Work cycle of R-32 & R-134a on p-h diagram

Source: Authors’ own creation.

However, the use of thicker pipes in the system comes at a cost. It leads to higher expenses during the
construction and maintenance of the system. Thicker pipes require more materials and may necessitate
adjustments to the system design and installation processes. Additionally, the increased complexity of the
system due to higher pressures can result in higher maintenance costs, as specialized equipment and expertise
might be required for servicing and repairs.
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Therefore, while R-32 operates at higher pressures and temperatures than R-134a, these conditions provide
several performance advantages, including higher refrigerating capacity, improved convective heat-transfer
coefficients in the heat exchangers, and the potential for more compact system design, which can contribute
to improved system efliciency when the system is properly designed and controlled. However, the associated
challenges and costs should not be overlooked.

Opverall, the use of R-32 in a vapor compression system necessitates careful planning, considering factors
such as pressure requirements, pipe thickness, and associated costs. This approach ensures the system’s
efliciency, safety, and longevity while effectively managing the potential challenges posed by the higher
pressures of R-32.

System Efficiency

The coeflicient of performance (COP) is a metric used to assess the efficiency of a refrigeration system. It is
determined by calculating the ratio of the heat absorbed from the cold storage to the energy input required
from the compressor, as defined by Eq. (6). The rated heat and power of each component, refrigerant mass
flow rate needed to reach the cooling load temperature, and the COP are presented in Table 2.

TABLE 2.
Energy rating of each component, refrigerant mass flow, and COP of the system

Refrigerant
Parameter Unit

R-32

R-134a

Qca nd kW

5.905

5.895

Wcomp kW

1.739

1.728

m ref ga" S

17.291

31452

2397

2411

Source: Authors’ own creation.

Figure 4 illustrates that when considering the same mass flow rate, R-32 exhibits superior heat transfer
capabilities compared to R-134a. This indicates that R-32 can transfer a larger amount of energy per unit
mass of refrigerant. This observation aligns with the information presented in Figure 3, which highlights that
R-32 possesses a higher enthalpy than R-134a.

It is important to note that although R-32 demonstrates better heat transfer characteristics, this does not
necessarily result in a higher COP. The COP takes into account both the heat transfer capabilities and the
energy input required from the compressor. In the case of R-134a, despite its slightly lower heat transfer
capabilities compared to R-32, it compensates by requiring less energy input from the compressor to achieve
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the desired cooling effect. Therefore, while R-32 may have advantageous heat transfer properties and a higher
enthalpy, the overall system efliciency, as measured by the CODP, is slightly better for R-134a. This underscores
the need to strike a balance between heat transfer capabilities and energy consumption to achieve optimal
efliciency in a refrigeration system.

The examination of Figure 4 uncovers several significant findings. Firstly, it demonstrates that increasing
the flow rate of the refrigerant results in a greater workload for the compressor. This connection is logical
since a higher workload necessitates a larger amount of refrigerant circulating through the system to meet the
heat transfer requirements. Conversely, a lower compressor workload would result in a lower flow rate of the
refrigerant. Moreover, the analysis indicates that as the compressor workload increases, the time needed to
heat the cold-water supply decreases. This relationship suggests that a more powerful compressor can transfer
heat more efficiently, leading to faster water heating. Conversely, a lower compressor workload would lead
to a longer heating time.

As mentioned earlier, Figure 4 a) reveals that a 7-kW increase in compressor workload can significantly
reduce the heating time, as evidenced by the initial downward trend of the cooling time curve. However,
after the blue and yellow curves intersect, the slope of the cooling time graph begins to level off, indicating
that further increases in compressor workload do not cause significant changes in heating time. This point is
referred to as the optimum point. Additionally, it is evident that when the compressor workload reaches 15
kW and continues to increase to 42 kW, the heating time remains nearly constant at 1-3 hours.
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Mass flow rate relation to compressor power and cooling time
Source: Authors’ own creation.

A similar trend is observed in Figure 4 b), which uses a different refrigerant, R-134a. When the blue and
yellow curves intersect, the compressor workload is noted as 7.5 kW, and the cooling time is 5 hours. The
cooling time then starts to level off, resulting in minimal or no significant changes in heating time as the
compressor workload increases from 14 kW to 42 kW, with the cooling time remaining between 1 and 3
hours.

The analysis also highlights a comparison between refrigerants R-32 and R-134a. It reveals that, at the same
flow rate, R-32 requires more compressor workload than R-134a. This implies that R-32 demands a higher
electrical power input to operate the compressor and generate the necessary workload. However, despite
requiring more compressor workload, R-32 achieves a shorter time to heat the cold-water supply compared
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to R-134a. This finding suggests that R-32 exhibits higher performance, enabling it to rapidly heat the water
despite the greater compressor workload requirement.

Evaporator and Condenser Performances

Based on the calculations and Figure 5, it can be observed that the air flow rate in the evaporator for both
R-32 and R-134a is the same, measuring 272 m./h. However, a significant difference can be seen in the air
flow rate of the condenser for these two working fluids.

Although the condenser heat duty of the R-32 system is slightly higher than that of R-134a, a lower
condenser airflow rate is required. This behavior can be attributed to the superior thermophysical properties
of R-32, including higher thermal conductivity, higher vapor density, and lower dynamic viscosity, which
enhance the refrigerant-side heat-transfer coeflicient. In addition, the lower refrigerant mass flow rate of R-32
(Table 2) and its higher condensing temperature increase the temperature driving force for heat transfer. As a
result, the required heat rejection can be achieved with a reduced airflow rate on the air side of the condenser.

2000
E M Evaporator m Condenser
E 1500
S
s
=
°
[
@
: 1000
=
3
<
500
0
R-32 R-134A
Refrigerant
FIGURE 5.

Comparison of cooling performances in evaporator and condenser
Source: Authors’ own creation.

For R-32, the air flow rate in the condenser is determined to be 867 m./h, whereas for R-134a, it is recorded
as 1580 m./h. This indicates that the R-134a working fluid requires a larger air flow rate in the condenser
compared to R-32. The air flow rate represents the volume of air passing through a specific point per unit
of time.
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The larger air flow rate required by R-134a in the condenser has implications for the cross-sectional area
needed to facilitate efficient fluid cooling. In practical terms, it means that if R-134a is used as the working
fluid, a larger physical space is required to accommodate the necessary air flow and ensure effective cooling
in the condenser.

This disparity in air flow rates and the subsequent need for a larger space have implications for system
design and installation. When opting for R-134a as the working fluid, engineers and designers must take
into account the increased space requirements to accommodate the higher air flow rate. This may involve
using larger fans or modifying the system layout to allow for the proper circulation of air and ensure optimal
cooling performance efliciency.

Conclusions

Thermodynamic and energetic performance were evaluated for R-32 and R-134a refrigerants for cold storage
applications. The main results were summarized as follows:

1. R-134a has a higher efficiency system, which reduces the energy input by compressor work.
Conversely, R-32 has the advantage of being able to carry more energy per unit mass, resulting in
a reduced space requirement for the condenser to dissipate heat.

2. The temperature and pressure of R-32 after compressing show challenging features, including the
risk of leakage and the possibility of experiencing supercritical heating,

3. When assessing the environmental risks, it is observed that despite having zero ozone depletion
potential (ODP), R-134a has a greater contribution to global warming than R-32. On the other
hand, R-32 poses a low combustion risk as a refrigerant, but presents hazards to the surrounding
environment and equipment due to its high-temperature operating cycle.

To avoid harm to the operation of cold storage, it is advisable to use R134 rather than R-32 as a refrigerant
due to its potential to cause damage to the surrounding environment.

References

[1] V. Pérez-Garcia, D. Méndez-Méndez, .M. Belman-Flores, J. L. Rodriguez-Muiioz, J.J. Montes-Rodriguez, and J. J.
Ramirez-Minguela, “Experimental study of influence of internal heat exchanger in a chest freezer using r-513a
as replacement of r-134a.” Applied Thermal Engineering, 204 (2022) 117969. https://doi.org/10.1016/j.applt
hermaleng.2021.117969

[2] M. C. Constantino and F. T. Kanizawa, “Evaluation of pressure drop effect on COP of single-stage vapor
compression refrigeration cycles.” Thermal Science and Engineering Progress, 28 (2022) 101048. hteps://doi.o
rg/10.1016/j.tsep.2021.101048

[3] T.Kang, Y. You, and S. Jun, “Supercooling preservation technology in food and biological samples: a review focused
on electric and magnetic field applications.” Food Sci Biotechnol 29, 303-321 (2020). https://doi.org/10.1007

[4] M. Kaur and M. Kumar, “An innovation in magnetic field assisted freezing of perishable fruits and vegetables: A
review.” Food Reviews International, 36(8) (2020), 761-780. https://doi.org/10.1080/87559129.2019.16837
46 /s10068-020-00750-6

[5] Y. H. Kim, ]J. Seo, R. Kemp, and A. Stuart, “Effect of Postmortem Aging and Fast-Freezing on Meat Quality of
Various Lamb Cuts Under Prolonged Frozen Storage and Repeated Freezing/Thawing Conditions”, Meat and
Muscle Biology 8(1) (2024): 17604, 1-10. doi: https://doi.org/10.22175/mmb.17604

[6] Y. Grover and P. S. Negi, “Recent developments in freezing of fruits and vegetables: Striving for controlled ice
nucleation and crystallization with enhanced freezing rates.” Journal of Food Science, 88, (2023), 4799-4826.
hetps://doi.org/10.1111/1750-3841.16810


https://doi.org/10.1016/j.applthermaleng.2021.117969
https://doi.org/10.1016/j.applthermaleng.2021.117969
https://doi.org/10.1016/j.tsep.2021.101048
https://doi.org/10.1016/j.tsep.2021.101048
https://doi.org/10.1007
https://doi.org/10.1080/87559129.2019.1683746
https://doi.org/10.1080/87559129.2019.1683746
https://doi.org/10.22175/mmb.17604
https://doi.org/10.1111/1750-3841.16810

Ingenieriay Universidad, 2026, vol. 30, ISSN: 0123-2126 / 2011-2769

[7] K. Goyal, RV. Nanditta, P.D. Teja, S. Malarmannan, and G. Manikandaraja, “Analysis of vapor compression
refrigeration system employing tetrafluroethane and difluroethane as refrigerants” Journal of Physics:

Conference Series, 2021, 2054(1). https://doi.org/10.1088/1742-6596/2054/1/012054

[8] M. Kilig, “Evaluation of Combined Thermal-Mechanical Compression Systems: A Review for Energy Efficient
Sustainable Cooling.” Sustainability, 14(21), (2022), 13724. https://doi.org/10.3390/sul42113724

[9] International Energy Agency, The Future of Cooling Opportunities for energy-efficient air conditioning Together
Secure Sustainable, 2018, www.iea.org/tandc/

[10] W. Chen, M. Alharthi, J. Zhang, and I. Khan, “The need for energy efficiency and economic prosperity in a
sustainable environment,” Gondwana Research 127 (2024) 22-35. https://doi.org/10.1016/j.gr.2023.03.025

[11] D. Astrain, A. Merino, L. Cataldn, P. Aranguren, M. Araiz, D. Sdnchez, R. Cabello, and R. Llopis, “Improvements
in the cooling capacity and the COP of a transcritical CO2 refrigeration plant operating with a thermoelectric
subcooling system.” Applied Thermal Engineering, 155 (2019) 110-122. https://doi.org/10.1016/j.appltherm
aleng.2019.03.123

[12] B. Megaprastio, A. M. Zaka, R. S. Zahra, N. Aisyah, and H. M. Ariyadi, ,Design of the Organic Rankine Cycle
(ORC) System Using R600 and R600a as Working Fluid”, E3S Web of Conferences, 448, 04004 (2023). https
://doi.org/10.1051/e3sconf/202344804004

[13] H. M. Ariyadi, S. Yamaguchi, and K. Saito, “Assessment of thermal and transport properties of ionic liquids
as suitable absorbent for absorption cooling applications,” IOP Conference Series: Materials Science and
Engineering, 2019, 539 (1), 012005 doi: 10.1088/1757-899X/539/1/012005.

[14] H. M. Ariyadi, N. Giannetti, S. Yamaguchi, and K. Saito, “Comparative analysis of ionic liquids as sorptive media
for absorption cooling systems,” Refrigeration Science and Technology, 2019, 2019-August, pp. 1335-1342,
1033 doi: 10.18462/iir.icr.2019.1033.

[15] H. M. Ariyadi and A. Coronas, “Absorption Capacity of Ammonia into Ionic Liquids for Absorption
Refrigeration Applications,” ] Phys Conf Ser, 745, (2016) 032105.

[16] S. Lakshmanan, V. K. Maurya, A. Kumar, M. Bhati, “Mitigation potential of banned hydrofluorocarbons (HFCs)
towards global warming — An assessment of Kigali Amendment in the Indian scenario,” Journal of Cleaner

Production, Volume 428, (2023),139315, https://doi.org/10.1016/j.jclepro.2023.139315.

[17] LM. Western, M.K. Vollmer, P.B. Krummel, K.E. Adcock, M. Crotwell, P.J. Fraser, C.M. Harth, R.L. Langenfelds,
S.A. Montzka, J. Miihle, S. O’Doherty, D.E. Oram, S. Reimann, M. Rigby, I. Vimont, R.F. Wkiss, D. Young,
and J.C. Laube, J. C., “Global increase of ozone-depleting chlorofluorocarbons from 2010 to 2020.” Nature
Geoscience, 16(4), (2023), 309-313. https://doi.org/10.1038/541561-023-01147-w

[18] M. K. Kim, H. Lee, J. H. Jeong, “Evaluation of correlations for mass flow rate of refrigerant through electronic
expansion valve in air—water heat pump system using R32”, International Journal of Refrigeration, Volume 151,

(2023), 267-277, https://doi.org/10.1016/j.ijrefrig.2023.03.020.

[19] ]J. Garcia Pabén, “Phase-out of high GWP refrigerants in refrigeration systems: Status of process in Colombia.”
Respuestas, 24(2), 2019, 65-74. https://doi.org/10.22463/0122820x.1832

[20] L. Fedele, G. Lombardo, I. Greselin, D. Menegazzo, and S. Bobbo, “Thermophysical Properties of Low GWP
Refrigerants: An Update.” International Journal of Thermophysics, 44, 80 (2023). https://doi.org/10.1007/s1
0765-023-03191-5

[21] P. Wang, M. Li, Q. Wang, B. Dai, Y. Ma, and H. Tian, “Heat transfer and pressure drop of CO2/R-32 mixture
in mini-channel” International Journal of Heat and Mass Transfer, 200 (2023) 123406. https://doi.org/10.10
16/j.ijjheatmasstransfer.2022.123406

[22] P. Mishra, S. Soni, G. Maheshwari, “Exergetic performance analysis of low GWP refrigerants as an alternative to
R410A in split air conditioner”, Materials Today: Proceedings, Volume 63, (2022), 406-412, https://doi.org/1
0.1016/j.matpr.2022.03.343.

[23] Gaurav and R. Kumar, “Sustainabilityof Alternative Material of R-134a in Mobile Air-conditioning System: A
Review.” Materials Today: Proceedings, 4 (2017) 112—118. https://doi.org/10.1016/j.matpr.2017.01.003


https://doi.org/10.1088/1742-6596/2054/1/012054
https://doi.org/10.3390/su142113724
https://doi.org/10.1016/j.gr.2023.03.025
https://doi.org/10.1016/j.applthermaleng.2019.03.123
https://doi.org/10.1016/j.applthermaleng.2019.03.123
https://doi.org/10.1051/e3sconf/202344804004
https://doi.org/10.1051/e3sconf/202344804004
https://doi.org/10.1016/j.jclepro.2023.139315
https://doi.org/10.1038/s41561-023-01147-w
https://doi.org/10.1016/j.ijrefrig.2023.03.020
https://doi.org/10.22463/0122820x.1832
https://doi.org/10.1007/s10765-023-03191-5
https://doi.org/10.1007/s10765-023-03191-5
https://doi.org/10.1016/j.ijheatmasstransfer.2022.123406
https://doi.org/10.1016/j.ijheatmasstransfer.2022.123406
https://doi.org/10.1016/j.matpr.2022.03.343
https://doi.org/10.1016/j.matpr.2022.03.343
https://doi.org/10.1016/j.matpr.2017.01.003

Hifni Mukhtar Ariyadi, et al. R-32 and R-134a as Refrigerants for Fisheries Cold Storage: A...

[24] Y. Shin, T. Kim, A. Lee, and H. Cho, “Performance characteristics of automobile air conditioning using the
R-134a/R1234yf mixture.” Entropy, 2020; 22(1):4. https://doi.org/10.3390/¢22010004

[25] SW. Hadi, Y.T. Wijaya, LR. Elysabeth, N., Aisyah, R.D.D. Putra, H.M. Ariyadi, “Energy performance analysis
of R32 and R-134a refrigerant for spring pool water heater” Advanced Engineering Letters, Vol. 2, No.3, 88-95
(2023). https://doi.org/adeletters.2023.2.3.2

[26] L. M. E. A. Al Azhari, M. Yulianto, & E. Hartulistiyoso, “ORC Performance Study with R32 and R-134a Using
Biomass as an Energy Source.” Jurnal Teknik Pertanian Lampung (Journal of Agricultural Engineering), 14(1),
(2025), 118-129. https://doi.org/10.23960/jtep-1.v14i1.118-129

[27] T. D. J. Prabha and V. Rambabu, “Experimental investigation on the performance of air conditioner using R32
Refrigerant.” IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE), Volume 12, Issue 4 Ver. V (Jul.
- Aug. 2015), PP 139-144. DOI: 10.9790/1684-1245139144

(28] E. A. Rayhan, A. Marasabessy, W. Sulistyawati, D. Z. Putri, A. Fatihah, and D. Natasya, “Thermodynamic
Performance Comparison of Refrigeration Systems using R-134a, R-744, and R-32 for Indonesian Fishing Boats”,
J. Adv. Res. Fluid Mech. Therm. Sc., vol. 128, no. 1, pp. 19-31, Mar. 2025. https://doi.org/10.37934/arfmts.1
28.1.1931

[29] B.O. Bolaji, “Experimental study of R152a and R32 to replace R-134a in a domestic refrigerator.” Energy, Volume
35, Issue 9, 2010, Pages 3793-3798, https://doi.org/10.1016/j.energy.2010.05.031.

[30] I. M. Mohammed and R. Kumar, “Experimental Evaluation of Condensation of R32 and R-134a over a Plain
Tube” Heat Transfer Engineering, 46(3), (2025), 252-267. https://doi.org/10.1080/01457632.2024.2308356

[31] U. N. Shete, R. Kumar, and R. Chandra. “Pool boiling heat transfer enhancement of R-134a, R32, and R600a
using reentrant cavity surfaces.” Experimental Heat Transfer, 36(4), (2023), 528—547. https://doi.org/10.1080
/08916152.2022.2055226

[32] D.W Shao, E. Granryd, Experimental and theoretical study on flow condensation with non-azeotropic refrigerant
mixtures of R32/R134a, International Journal of Refrigeration, Volume 21, Issue 3, 1998, Pages 230-246, http
s://doi.org/10.1016/S0140-7007(98)00015-2.

[33] R.A. Mahmood, O.M. Ali, A. Al-Janabi, G. Al-Doori, and M.M. Noor, “Review of Mechanical Vapour
Compression Refrigeration System Part 2: Performance Challenge.” International Journal of Applied Mechanics
and Engineering, 2021;26(3):119-130. https://doi.org/10.2478/ijame-2021-0039

[34] Y.N. Nandanwar, P.V. Walke, V.P. Kalbande, and M. Mohan, “Performance improvement of vapour compression

refrigeration system using phase change material and thermoelectric generator” International Journal of

Thermofluids, 18 (2023)100352. https://doi.org/10.1016/.ijft.2023.100352

[35] N. Aisyah, H. M., Ariyadi, ,Performance Evaluation of R1224yd as Alternative to R123 and R245fa for Vapor
Compression Heat Pump System”, Vol. 27 (No.1), (2024), pp. 013-021, doi: 10.5541/ijot.1310329

[36] E Alsouda, N.S. Bennett, S.C., Saha, F, Salehi, and M.S. Islam, “Vapor Compression Cycle: A State-of-the-Art
Review on Cycle Improvements, Water and Other Natural Refrigerants.” Clean Technologies, 5(2), (2023), 584—
608. https://doi.org/10.3390/cleantechnol5020030

[37] T. Zhang, H. Yang, “High efficiency plants and building integrated renewable energy systems: building-integrated
photovoltaics (BIPV).” In: Desideri U, Asdrubali F (eds.), Handbook of Energy Efficiency in Buildings: A Life
Cycle Approach. Butterworth-Heinemann, 2019,441-595.

[38] Y. Huo, D. Yang, J. Xie, Z. Yang, “Simulation Analysis and Experimental Verification of Freezing Time of Tuna
under Freezing Conditions.” Fishes 2023, 8, 470. https://doi.org/10.3390/fishes8090470

(39] J. Zhang, B.E. Farkas, S.A Hale, “Thermal Properties of Skipjack Tuna (Katsuwonus Pelamis)”. International
Journal of Food Properties, 4(1), (2001), 81-90. https://doi.org/10.1081/JFP-100000345

[40] Y. Feng, Y. Li, S. Qu, C. Wang, Y. Han, Z. Xing, “Energy savings of multi-chiller systems comprising hybrid-type
compressors combined with thermal energy storage technology: Focusing on compressor isentropic efficiency,

Energy 325 (2025) 136139. https://doi.org/10.1016/j.energy.2025.136139

[41] H. Shiand J. Wu, “The Performance Analysis of R32 Rotary Compressor Used for Room Air Conditioners.” IOP
Conf. Ser.: Mater. Sci. Eng. 604 (2019) 012082


https://doi.org/10.3390/e22010004
https://doi.org/adeletters.2023.2.3.2
https://doi.org/10.23960/jtep-l.v14i1.118-129
https://doi.org/10.37934/arfmts.128.1.1931
https://doi.org/10.37934/arfmts.128.1.1931
https://doi.org/10.1016/j.energy.2010.05.031
https://doi.org/10.1080/01457632.2024.2308356
https://doi.org/10.1080/08916152.2022.2055226
https://doi.org/10.1080/08916152.2022.2055226
https://doi.org/10.1016/S0140-7007(98)00015-2
https://doi.org/10.1016/S0140-7007(98)00015-2
https://doi.org/10.2478/ijame-2021-0039
https://doi.org/10.1016/j.ijft.2023.100352
https://doi.org/10.3390/cleantechnol5020030
https://doi.org/10.3390/fishes8090470
https://doi.org/10.1081/JFP-100000345
https://doi.org/10.1016/j.energy.2025.136139

Ingenieriay Universidad, 2026, vol. 30, ISSN: 0123-2126 / 2011-2769

Notes

*

Research paper
Licencia Creative Commons CC BY-NC 4.0

How to cite this article: H M Ariyadi, I Muhammad, W Kartika, M A Saputro, “R-32 and R-134a as
Refrigerants for Fisheries Cold Storage: An Energy Performance Analysis” Ing. Univ. vol. 30, 2026.
hteps:/ /doi.org/10.11144/Javeriana.iued30.rfcs


https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.11144/Javeriana.iued30.rfcs
https://doi.org/10.11144/Javeriana.iued30.rfcs



