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ABSTRACT

This paper focuses on analysis of a cascade refrigeration system by employing different pairs of refrigerants
and finding out the best suited fluid pair for higher temperature circuit (HTC) and lower temperature circuit (LTC).
Various refrigerants pairs such as R134a/R23, R290/R23, R404A/R23, R134a/R170, R290/R170, R404A/R170,
were chosen for the analysis. We observed that the refrigeration effect of the cascade system increases on increasing
the evaporator temperature. From the parametric evaluation it has been found that the refrigerant pair R134a—R170
has the highest COP and lowest mass flow rate From the results of this study we can conclude that the refrigerant
couples R134a-R170 shows the best performance in terms of mass flow rate and coefficient of performance from
among the other refrigerant couples (R134a/R23, R290/R23, R404A/R23, R290/R170, R404A/R170).
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1. INTRODUCTION

Low temperature two stage cascade refrigeration systems are generally used for manufacture of dry ice,
storage of frozen food, medicines etc. (Alberto Dopazo and Jose Fernandez-Seara, 2011). The need to find a suitable
pair of refrigerant to operate the LT and HT cycles to obtain high coefficient of performance (COP) is gaining greater
attention in recent times (Alberto Dopazo, 2009).

The temperature level in LT and HT cycle is an important factor to choose the best working fluids. Low-
temperature refrigeration systems are mostly used in the temperature range from —30°C to —100°C. Agnew and Ameli
(2004) stated that, at low temperatures, the capacity and efficiency of these refrigerating system gets lowered rapidly
as a result of greater reduction in the evaporator temperature.

Calm (2008), reviewed the recent trends in development of refrigerants, from the traditional ones to the
present, and has highlighted the promising candidates and explained the future scope in developing novel fluid
refrigerant pairs. Bansal and Jain (2007) showed that carbon dioxide is a very good candidate for low temperature
refrigerant for temperature down to 450°C as it is readily available, inexpensive and possess other desirable
characteristics.

In the present study, we report the finding from the simulation of thermodynamic analysis of cascade
refrigeration system with alternative refrigerant couples. Different refrigerants couples such as R134a/R23,
R290/R23, R404A/R23, R134a/R170, R290/R170, R404A/R170, were chosen for the study. Fig.1. shows the
schematic representation of cascade refrigeration system.
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Figure.l. Cascade refrigeration system
2. METHODS & MATERIALS
Methodology: The thermodynamic property values of the operating fluid are evaluated using simple and
efficient mathematical methods. The values of the thermodynamic property are vital both at the key points in
the cycle and also for the various processes taking in the components (Arulprakasajothi, 2015; 2016).

3. RESULTS & DISCUSSIONS

In the current study the computer code was developed to find the COPs, the mass flow rate of the HTC
refrigerant in the cascade refrigeration system as functions of the evaporator temperature, condenser temperature, the
intermediate temperatures of the lower and higher temperature systems in the heat exchanger and the compressor
efficiency. The best refrigerant couple among them is chosen by comparing the COPs and mass flow rate of the
different fluid couples under study.
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Figure.2. Variation in COP as a function of (a, b) evaporator/ (c, d) condenser temperature
The variation in the COP of the cascade system is monitored with respect to the evaporator temperature for
a condenser temperature of 30°C, intermediate temperature as -20°C and compressor efficiency of 0.7, respectively.
It is seen from fig.2 (a, b) that R134a—R23 has the highest COP, while R404A—R23 has the lowest one. The COPs
of R290-R23 and R290-R170 place in the mid-range and increases parallel to each other.
In the considered condenser temperature range fig.2 (c, d), R134a—R23 has the highest COP in the first
system. R134a—R170 has the highest COP values in the second system, while R404A— R170 has the lowest
ones.
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Figure.3. Mass flow rate as a function of (a, b) evaporator/ (c, d) condenser temperature

The deviations in mass flow rate is measured with the evaporator temperature for a constant condenser
temperature is 30°C, intermediate temperature is -20°C and compressor efficiency is 0.7. The refrigeration
effect of the cascade system increases on increasing the evaporator temperature. Consequently, the mass
flow rate of the HTC cascade refrigeration system increases. In the considered evaporator temperature range,
fig.3 (a) R404A-R23 has the lowest mass flow rate values, while R134A—R23 has the highest ones. The mass
flow rate of refrigerant pair in the middle range, namely R290-R23, increases parallel to others. In fig.3 (b)
R404A- R170 has the lowest mass flow rate values, while R134a—-R170 has the highest ones. The mass flow
rate of refrigerant couples in the midrange, namely R290— R170, increases parallel to others.

The changes in the mass flow rate of the HTC refrigerant is determined in the cascade refrigeration
system with respect to the condenser temperature for an evaporator temperature of -80°C, intermediate
temperature as -20°C and compressor efficiency of 0.7, respectively. When the condenser temperature of the
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cascade system is enhanced the condenser pressure also gets enhanced, while keeping evaporator temperature,
intermediate temperature and compressor efficiency as constant. On enhancing the condenser pressure, more
compressor power is needed, which leads to enhancement of the mass flow rate of the HTC refrigerant in the
cascade refrigeration system for all considered refrigerant couples. Thus, as the condenser temperature of the
cascade system is enhanced, the mass flow rate of the HTC refrigerant in the cascade refrigeration system also
gets enhanced. It is observed from fig.3 (c) that R404-R23 has the lowest mass flow rate, while R134a—R23 has
the highest one.

It is seen from fig.3 (d) that R404A-R170 has the lowest mass flow rate, while R134a—-R170 has the
highest one. The mass flow rate of R290— R170 is in the mid-range and increases parallel to other systems.

4. CONCLUSION

Coefficient of performance and mass flow rate of the cascade refrigeration system for the refrigerant couple’s
134a/R23, R290/R23, R404A/R23, R134a/R170, R290/R170 and R404A/R170 have been determined and compared
with respect to the input parameters, namely the evaporator temperature, condenser temperature, intermediate
temperature and compressor efficiency. According to the results of the present study refrigerant couple R134a-R170
is found to be the best suited fluid couple for the vapour compression cascade refrigeration systems among all
different couples considered. As the evaporator temperature is increased, the COP of the cascade refrigeration system
for all considered refrigerant couples was found to increase. While increasing the condenser temperature the COP of
the cascade system was found to decreases in all the refrigerant couples studied.
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