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Abstract

In this study, two types of dual-purpose compression refrigeration systems,
including single-compressor and dual-compressor (cascade) with different
eco-friendly refrigerants to achieve two temperature ranges above zero
and below zero, have been investigated. This study aims to examine
the annual energy consumption of dual-purpose refrigeration systems
with eco-friendly refrigerants and explore the parameters affecting the
efficiency of these systems. Studies have shown that the cascade system
has a higher efficiency than a single-compressor system, and the best
refrigerant in terms of performance in this system is R290. In the single-
compressor system, only R134a refrigerant is applicable, and the other
refrigerants in the evaporator create pressure under atmospheric pressure.
Also, this system is only suitable in hot and humid climates for all seasons
of the year, while the cascade system is applicable in all seasons of the
year and all environments. Comparison of these two systems shows that
assuming the total load capacity of the refrigerator is constant, increasing
the cooling load in the low-temperature range leads to the increased
energy consumption of the cascade system. Also founded that the annual
energy consumption of cascade system is 7% lower than single compressor
in equal distribution of cooling load between two temperature ranges.

Keywords: dual-purpose refrigeration system, eco-friendly refrigerant, annual
refrigeration system

Introduction

Compression refrigeration systems are among the most common refrigeration systems,
especially to achieve low temperature, which has different types and high energy consumption
[1,2]namely energy use in supermarkets through modelling, simulations and field studies. A
user-friendly computer program, CyberMart, which calculates the total energy performance
of a supermarket, is presented. The modelling method described in this thesis has four phases:
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the first phase is the development of a conceptual model that includes its objectives, the
environment and the components of the system, and their interconnections. The second phase
is a quantitative model in which the ideas from the conceptual model are transformed into
mathematical and physical relationships. The third phase is an evaluation of the model with a
sensitivity analysis of its predictions and comparisons between the computer model and results
from field measurements. The fourth phase is the model application in which the computer
model answers questions identified in the beginning of the modelling process as well as other
questions arising throughout the work. Field measurements in seven different supermarkets in
Sweden were carried out to: (i. Nowadays, most common refrigerants used in the refrigeration
industry, such as R22, have a high global warming potential (GWP). Recently governments
have become more aware of global warming and the effects of ozone depletion [3]. Therefore,
recent legal measures, such as the European Union and other official organizations’ regulations,
have been enacted to limit the production and replace these refrigerants [4Having regard to the
Treaty on the Functioning of the European Union, and in particular Article 192(1,5]ventilation
and air conditioning (HVAC&R. In this regard, the choice of refrigerant in any refrigeration
system is a matter that can be effective in energy consumption and the amount of damage to the
environment. Choose a suitable refrigerant can significantly increase system performance[6].

In this study, two types of dual-purpose compression refrigeration systems, including
a single-compressor system and cascade system with different eco-friendly refrigerants to
achieve two temperature ranges above zero and below zero, have been investigated for use
in cold storage and supermarkets. In cold warehouses and supermarkets, the products may be
kept in the temperature range from below zero to above zero temperature depending on product
storage condition. Therefore, dual-purpose compression refrigeration systems should be used to
provide the below and above zero temperature ranges. Moreover, the techniques may even offer
only below zero or above zero temperatures for some time commensurate with the product.
Therefore, cooling load changes for any temperature range and their effect on cycle efficiency
and flow rate are significant because the refrigerant is responsible for providing cooling loads.
One of the most important environmental issues related to refrigeration systems is the potential
of refrigerants’ global warming and ozone depletion. Therefore, the choice of eco-friendly
refrigerants has been considered today.

So two different types of dual-purpose compression refrigeration systems, including
cascade compression refrigeration system and one Stage compression refrigeration system, are
considered in this investigation to provide two temperature ranges above zero and below zero.
All designs have been modelled with EES software.

Problem statement

Temperature changes always affect the efficiency and consequently the energy consumption
of refrigeration systems. As a result, compression refrigeration systems also have different
performance in different operating conditions. Therefore, the climate of each region affects the
operation of refrigeration systems. Also, some refrigeration systems may not be compatible with
various refrigerants. As a result, refrigerants must be selected for each system according to its
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conditions and limitations. Therefore, climate study for different systems along with comparing
types of refrigerants can be beneficial. Three different climates, including hot and humid, hot
and dry, moderate, choose for this study [8]. Table 1 shows the study areas in this study that
have these three climates. Temperature characteristics of each environment have been adopted
from the Meteorological Organization of Iran.

Table: Climate of the studied cities

Climate type Moderate Hot and Humid Hot and Arid

Zone Mazandaran Hormozgan Ardestan of Isfahan

One of the significant issues for dual-purpose refrigeration systems that provide two
temperature ranges is the difference in the types and amount of products that must be kept above
zero or below zero. Also, in cold storages, the products that should be kept in the temperature
range from below zero to above zero temperature depended on product storage specification.
Therefore, cooling load changes for any temperature range and their effect on cycle efficiency
and flow rate are significant because the refrigerant is responsible for providing cooling
loads. One of the most important environmental issues related to refrigeration systems and
refrigerants used in them is attention to global warming and ozone depletion. Table 2 shows the
characteristics of the seven refrigerants studied in this research.

Table 2: Brief Specifications of the studied refrigerants taken
from Linde Industrial Gases Institute [7]

Refrigerant Properties R134a R717 R744 R290 R600a
Natural X v v v v
ODP/ GWP 0 0 0 0 0
GWP 1300 0 1 3 3

Systems description and modelling

In this study, two types of dual-purpose compression refrigeration systems, including
single-compressor and dual-compressor (cascade) with different eco-friendly refrigerants
to achieve two temperature ranges above zero and below zero have been investigated. One
Stage compression refrigeration system uses only one compressor and some throttle valves
to supply two temperature ranges. The refrigerant enters the throttle valve by passing through
the condenser and is divided into two parts: high and low temperature. Finally, the refrigerant
passes through the high-temperature evaporator again and joins the low-temperature evaporator
output through the next throttle valve, and the cycle is repeated. Since the pressure must be
above atmospheric pressure in compression refrigeration systems, only R134a is applicable in
this system to supply two temperature ranges.

On the other hand, the cascade system, due to its structure and equipment and using two
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independent refrigerants, can compensate for the limitations of the previous two approaches and
provide two temperature ranges from below to above zero. The output of the low-temperature
compressor is the same as the input of the middle evaporator. The high pressure compressed
refrigerant enters the condenser for condensation, then into the high-pressure throttle valve
for adiabatic throttling. Then refrigerant enters the intermediate heat exchanger. In the low-
temperature cycle, the second refrigerant enters the compressor by leaving the low-temperature
evaporator by separator and enters the intermediate heat exchanger at a higher pressure and
medium temperature. Finally, the low-temperature cycle is repeated by passing refrigerant
through the throttle valve. In this study, in the high-temperature cycle, ammonia refrigerant
works as a refrigerant, and in the low-temperature cycle, the other six eco-friendly refrigerants
are examined to calculate the best performance of the refrigerant pair. This comprehensive
investigation showed that R717/R290 is the best and an optimal refrigerant couple in cascade
system in all three studied climates.
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Figure 1: Schematic of a) one compressor system b) cascade system

Conclusion

The main purposes of this study are to investigate the annual energy consumption of dual-
purpose refrigeration systems with eco-friendly refrigerants and investigate the parameters
affecting the efficiency of these systems. Studies have shown that the cascade system has
a higher efficiency than a single-compressor system, and the best refrigerant in terms of
performance in this system is R290. In the single-compressor system, only R134a refrigerant
is applicable, and the other refrigerants in the evaporator create pressure under atmospheric
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pressure. So other refrigerant is not suitable for this system because of operational limitation.
Also, this system is only applicable in hot and humid climates for all seasons of the year, while
the cascade system is applicable in all seasons of the year and all climates. Cascade system
and having fewer operational limitations than the one-stage system also has greater efficiency.
Comparison of these two systems shows that assuming the total load capacity of the refrigerator
is constant, increasing the cooling load in the low-temperature range leads to the increased
energy consumption of the cascade system. Also founded that the annual energy consumption
of cascade system is 7% lower than single compressor in equal distribution of cooling load
between two temperature ranges. Finally, it was found that a single-stage system can be used
for small-scale cold storages in hot and humid climates due to lower costs. But in large-scale
cold storages, the cascade system is more efficient despite minor operation limitation and saves
about 60,000 kWh energy per year.
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