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Abstract - Ammonia/CO2 mixture is presently
considered to be the best for cascade refrigeration up to
216.58°K. However to approach temperatures lower
than 216.58°K the mixture of CO2 with other
refrigerants are required. The aim of present work was
to study the possibility of using carbon dioxide mixtures
in those applications where temperatures below triple
point (216.58 K) are needed. The blends considered
for analysis purpose are R744/R125, R744/RA1,
R744/R32, and R744/R23. The analysis of cascade
refrigeration cycle has been carried out with the help
of a computer program developed using Engineering
Equation Solver (EES). The composition of CO2 is
varied from a mole fraction of 0.1 to 0.8 along with R23,
R32, R41 and R125. The mixtures properties of the
investigated blends (R744/R125, R744/R41, R744/R32,
and R744/R23) were calculated by Ref Prop 7.0 and
used in EES program.

INTRODUCTION

Refrigeration is defined as —the transfer of heat from
a lower temperature region to a higher temperature
one. Refrigeration devices that produce refrigeration
are heat pumps, refrigerators, automotive air-
conditioners, and  residential/commercial  air-
conditioners. All of these devices have one thing is
common, to reduce the temperature of an enclosed
environment. Vapour compression cycle can be used
in temperature range -10 to -30°C easily. And low-
temperature refrigeration systems are typically
required in the temperature range from -30°C to —
100°C for applications in food, pharmaceutical,
chemical, and other industries, e.g., blast freezing,
cold storages, liquefaction of gases such as natural
gas, etc. At such low temperatures, single-stage
compression systems with reciprocating compressors
are generally not feasible due to high pressure ratios.
A high pressure ratio implies high discharge and oil
temperatures and low volumetric efficiencies and,

IJIRT 153396

hence, low COP values. Screw and scroll compressors
have relatively flat volumetric efficiency curves and
have been reported to achieve temperatures as low as
—40°C to —50°C in single-stage systems. Further, the
use of a single refrigerant over such a wide range of
temperature results in either extremely low pressures
in the evaporator and large suction volumes or
extremely high pressures in the condenser. The
conventional two-stage ammonia systems that were
mostly used to cater to these applications are coming
under.
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Two stage cascade refrigeration cycle
REVIEW PROCESSES

Parthiban Kasi and M Cheralathan [2] have analysed
of carbon dioxide—-ammonia(R744-R717) cascade
refrigeration system to optimize the design and
operating parameters of the system. A multi linear
regression analysis was employed in terms of
subcooling, superheating, evaporating, condensing,
and cascade heat exchanger temperature difference in
order to develop mathematical expressions for
maximum COP, an optimum evaporating temperature
of R717 and an optimum mass flow ratio of R717
to that of R744 in the cascade system. Wilson and
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Maier have analysed that cascade refrigeration
systems is the initial installation cost being 10% higher
than the traditional direct expansion systems. But this
cost can be negated with less refrigerant charge
requirements and the environmental advantage of the
cascade system due to less direct emissions as
compared to single-stage system.

Problem formulation

In the present study, analysis of cascade refrigeration

system has been carried out by taking R717 in low

temperature circuit and R-744 mixture with HFCs

(R23, R32, R41 and R125) to achieve low

temperatures down to 200°K.

It is proposed to examine the effect of following

parameters of the performance of cascade refrigeration

system and evaluation of optimum cascade condenser

temperature in the present work.

o Effect of approach

e Analysis with and without superheating and
subcooling

o Effect of varying the condenser temperature

¢ Varying the mole fraction of R-744

e Effect of using LVHE in low temperature circuit

SYSTEM DESCRIPTION
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Schematic representation of two stage cascade
refrigeration cycle

This refrigeration system comprises two separate
refrigeration circuits- the high-temperature circuit
(HTC) and the low- temperature circuit (LTC).
Ammonia is the refrigerant in HTC, whereas carbon
dioxide blend with HFCs (R-23, R-32, R-41 and R-
125) are the refrigerants in LTC.
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The condenser in this cascade refrigeration system
rejects a heat of QC from the condenser at condensing
temperature of TC, to its warm coolant or environment
at temperature of TO. The evaporator of this cascade
system absorbs a refrigerated load QE from the cold
refrigerated space at evaporating temperature TE. The
heat rejected by condenser of LTC equals the heat
absorbed by evaporator of HTC. TMC and TME
represent condensing and evaporating temperatures of
the cascade condenser, respectively.

THERMODYNAMIC ANALYSIS

In the present work, a parametric study with fixed
mass flow rate in LTC, and various condensing
temperature, evaporating temperature and approach in
the cascade-condenser have been conducted to
determine the optimum condensing temperature of the
cascade- condenser.
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Schematic representation of cascade refrigeration
cycle with liquid vapour heat exchanger
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Formulation of problem

Analysis of the cascade Refrigeration System shown
in fig.3 and fig. has been carried out in this work.

The computer program has been developed in EES.
The mixtures properties of the investigated blends
(R744/R125, R744/R41, R744/R32, and R744/R23)
were calculated by Ref Prop 7.0 (Huber et al. 2002)
and used in EES program to calculate the performance
parameters for a cascade refrigeration cycle.

RESULTS AND DISCUSSION

In the present results computed from the compute
program have been discussed.

MASS FLOW RATE IN HIGH

TEMPERATURE CIRCUIT

The variation of mass flow rate in high temp circuit for
cascade refrigeration cycle with varying intermediate
temperature for carbon dioxide blend with HFCs (R-
23, R-32, R-41 and R-125) for different mole fraction.
These figures show that the mass flow rate decreases
with increase in intermediate temperature at a
particular evaporator and condenser temperature for
R-125 and R-23 due to decrease in load on cascade
condenser.

Effect of superheating (10°C) and subcooling (5°C)
The effect of superheating of refrigerant inlet to
compressor and subcooling of refrigerant outlet to
condenser. By the comparison of figures with
superheating and without superheating

Effect of mole fraction of carbon dioxide

The variation of mole fraction of carbon dioxide in
mixture with HFCs. Figure shows that by increasing
mole fraction of carbon dioxide mass flow rate
decreases for R-125 and R-23 and increases for R-41
and R-32.

Effect of liquid vapour heat exchanger

By using liquid vapour heat exchanger in low
temperature circuit, mass flow rate in high temperature
circuit increases by around 3%.

TOTAL COMPRESSOR WORK

This happens because for a given condenser and
evaporator temperature, as the intermediate
temperature increases, the low temperature circuit
compressor’s work done(WCOMPL) increases but the
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high temperature circuit compressor’s work done
(WCOMP2) decreases, and the combined effect of
these is to decrease work done

COEFFICIENT OF PERFORMANCE

This happens because for a given condenser and
evaporator temperature, as the intermediate
temperature increases, the refrigerating effect and the
work done by the compressor both decreases, and
combined effect of these is to increase COP up to
optimum temperature but after optimum temperature
COP decreases.

CONCLUSION

In the present study, thermodynamic analysis have
been carried out for cascade refrigeration cycle using
CO2/HFC blends as the low-temperature fluid and
ammonia as the high- temperature fluid with a view to
extending the applicability of carbon dioxide in such
systems below its triple point (216.58 K).

The results obtained permit the following remarks:

1. Mass flow rate in high temperature circuit decreases
with increase in intermediate temperature for R-125
and R-23.

2. Mass flow rate in high temperature circuit increases
slightly with increase in intermediate temperature for
R-41 and R-32.

3.The total compressor work decreases with increase
in intermediate temperature.

4. The total compressor work for R-41 mixture is
highest among all mixtures followed by R-32, R-23
and R-125 respectively.

5. COP increases with increase in intermediate
temperature up to a temperature (optimum
temperature) after this COP decreases with increase
in intermediate temperature.

R744 blends can be considered an attractive option for
the low-temperature-circuit in cascade refrigeration
cycle operating at temperatures approaching 200 °K
due to its low cost, easy availability and favorable
properties

SCOPE FOR FUTURE WORK
1. Further investigating should be carried out for use

of different hydrocarbons (HFCs)with carbon
dioxide.
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2. Exergy analysis should be carried out for this
cascade refrigeration system using carbon dioxide
blend with HFCs in low temperature circuit.

3. Exergo economic analysis should be carried out
for this cascade refrigeration system using carbon
dioxide blend with HFCs in low temperature
circuit.
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