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The expansion of the absorption refrigeration system is the compression—absorption
cascade refrigeration system, which can be used to recover surplus heat and balance the
demand for refrigeration. There is a wealth of literature comparing the vapour absorption
cooling system and a standard vapour compression cooling system using the first and
second laws of thermodynamics. A variety of operational parameter functions were
examined in relation to the systems' performance. The first law performance of the
cascaded VAR+VCR refrigeration system employing compression-absorption systems
was found to be between 40% and 50% greater than that of the vapour absorption cycle
using eco-friendly refrigerants in the low temperature VCR cycle. Similar improvements
in the second law performance under the same operating conditions are achieved with a
cascaded compression absorption system that uses R134a and CO2 as refrigerants. The
findings indicated that the cascaded VAR+VCR system may achieve an exergy efficiency
that is between 125% to 160% greater than that of the vapour absorption system. Every
time a system ran on R152A, its COP was higher than when it ran on CO2 and R134a.
Investigations have also been conducted into the thermodynamic characteristics of the
cascaded VAR+VCR system with respect to temperature overlap and LTC evaporator

temperature.

©2024 ijrei.com. All rights reserved

1. Introduction

Waste heat recovery can be effectively achieved by using heat
exchangers to transfer heat between cold and hot process
streams. Numerous studies have been conducted, including the
synthesis of heat exchanger networks and the optimization of
heat exchanger design. Due to their better thermal conductivity
and ability to provide more carrier fluid properties,
nanomaterials were blended with pure fluid for the heat
exchanger's optimization design [1]. Numerous studies have
been done on the VAR cycle, which is a HT cycle for heat
recovery from medium- and LT cycle in terms of producing
cooling energy [2]. The VAR cycle is a useful technology, but
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it is limited in its ability to reach very low evaporation
temperatures. Additionally, as evaporation and generation
temperatures decrease, so does energy efficiency. In contrast,
electrical compression refrigeration (ECR) uses costly
electricity but can attain much lower refrigerating temperatures
and typically has superior efficiency [3]. Researchers from all
across the world are working on creating revolutionary
integrated refrigeration systems that are both environmentally
friendly and energy efficient. Because it uses less non-
renewable energy, the vapour compression-absorption
integrated refrigeration system has become more and more
common in the past ten years [4]. When compared to an
equivalent VCRS (vapour compression refrigeration system),
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the integrated system not only significantly lowers electrical
energy consumption but also protects the environment by
preventing the release of dangerous gases like carbon dioxide,
nitrogen oxides, Sulphur oxides, and others that contribute to
the greenhouse effect. By recovering waste heat, the Cascaded
VAR system maintains the benefits of both VAR cycle and
VCR cycle while achieving lower evaporation temperatures
with comparatively high efficiency and minimal energy
consumption [5]. There have been reports of more and more
Cascaded VAR research in the past few years. A number of
studies looked into the best working fluid combinations and
selections to maximized thermal performances. The electrical
energy consumption in the refrigeration cycles was found to be
approximately 45% lower than in the classical VCR cycles
using R744 and R134a as refrigerants under the same operating
conditions. The systems included a conventional VCR system,
a vapour compression- VAR single-stage system, and a vapour
compression VAR double-stage system operating with CO-
and R134a in the VCR cycle and HO/Li/Br in the absorption
cycles [10]. According to the findings, the COP can be 50%
greater than that of the absorption refrigeration system.
systems utilizing R134a consistently produced higher COP
than those using CO,. of working fluids in order to attain
superior performance. Thermodynamic investigation and
comparison of the absorption and vapour compression
sections' CACRS with different working fluid couplings. The
investigation found that the system based on R134a-LiBr/H,O
had the best performance. Prior research on the enhancement
of Cascaded VAR with VCR cycle performance primarily
examined the energy and exergy analysis [11].

Table-1(a): Environmental properties of ecofriendly refrigerants

S. No. Ecofriendly refrigerants GWP ODP
1 R-32 778 0
2 R-245fa 1087 0
3 R-152a 124 0

For example, exergy-based thermo-economic analyses were
conducted, allowing for the identification of optimal operating
conditions that prioritized exergetic efficiency and minimal
cost. The vapour absorption refrigeration system (VARS) and
the VCRS can be connected either in parallel or series.
According to in a series design, the VCRS condenser rejects
heat to the VARS evaporator [12]. For the cascade
refrigeration system, there are a number of configurations that
are coupled series-parallel and with an evaporator sub-cooler,
respectively. Various configurations were subjected to energy,
exergetic, economic, and environmental assessments [13].
The majority of research on integrated refrigeration systems
with series and parallel configurations indicates that the
integrated system's compressor can save between 50 and 60
percent of the energy used in the system. Because heat and
electricity are used simultaneously, the system's running costs
are thus lower than those of comparable VCRS. In order to
provide context, a baseline scenario uses electrical VCR cycle
using HFC-134a to cool process streams. This method
generates cooling energy by using electricity instead of process

heat. The working fluid in the CACRS absorption subsystem
is NH3/H20. The temperature of the heat source generator for
a single LiBr/H,O system cannot be lower than 80 °C or higher
than 180 °C in the triple effect case [14].

2. Results and Discussion

Following input values have been taken for finding Thermal
performance enhancement of cascaded refrigeration system
usingNHs-H-0 VAR cycle coupled with VCR cycle using low
GWP ecofriendly HFO & HFC refrigerants in low temperature
cycle.

Table-1(b): Input value

S. No. | Input parameters Value
1 Higher pressure 13.5 bar
2 Lower pressure 1.5 bar
3 Ambient temperature 25°C
4 LTC evaporator temperature -50°C
5 Temperature overlapping 0,5,10 (°C)

2.1 Effect of Approach on thermal performances of cascaded
refrigeration system usingNHs-H;O vapour absorption
system coupled with VCR system using ultra-low / low
GWP ecofriendly HFO & HFC refrigerants in low
temperature cycle

The effect of approach on thermal performances of cascaded
refrigeration system usingNHs-H2O (VAR) cycle coupled with
VCR cycle using ultra-low / low GWP ecofriendly HFO &
HFC refrigerants in low temperature cycle have been shown in
table-2 to table-3 respectively. It was found that at zero
approach (temperature overlapping), the first law efficiency
(COP) and second law efficiency (Exergy efficiency) of all
cycles is higher and performance enhancement in the first law
efficiency (COP) and second law efficiency (Exergy
efficiency) is maximum. By increasing temperature
overlapping, the first law efficiency (COP) and second law
efficiency (Exergy efficiency) of cascaded system is
decreasing along with decreasing performance enhancement.
The best performance was observed by using R152a and
R245fa. Thermal performances of cascaded refrigeration
system usingNHs-H2O (VAR) cycle coupled with VCR cycle
using low GWP ecofriendly R-32A refrigerant in low
temperature cycle at evaporator temperature is slightly lower
than using HFC-134a and other HFCs in VCR cycle.

2.2 Effect of temperature overlapping on Thermal
performances of cascaded refrigeration system usingNHs-
H,O vapour absorption system coupled with vapour
compression refrigeration system using ecofriendly
HFC& HCFC refrigerants in low temperature cycle

The effect of temperature overlapping (Approach) on Thermal
performances of cascaded refrigeration system usingNHs-H,0
vapour absorption system coupled with vapour compression
refrigeration system using ultra-low / low GWP ecofriendly
HCFC & HFC refrigerants in low temperature cycle have been
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shown in table-2 to table-3 respectively. It was found that at is
zero approach (temperature overlapping), the first law
efficiency (COP) and second
efficiency) of all
enhancement in the first law efficiency (COP) and second law
efficiency (Exergy efficiency) is maximum. By increasing
temperature overlapping, the first law efficiency (COP) and
second law efficiency (Exergy efficiency) of cascaded system
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cycles

is higher

law efficiency (Exergy
and performance

de

creasing

along

with

decreasing
enhancement. The best performance was observed by using
R152a and R245fa. The Thermal performances of cascaded
refrigeration system usingNHs-H»O vapour absorption system
coupled with vapour compression refrigeration system using
low GWP ecofriendly R-125 refrigerant in low temperature
cycle at evaporator temperature is slightly lower than using
HFC-134a and other HFCs in VCR cycle.

performance

Table-2(a): Thermal performances of cascaded refrigeration system usingNHs-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly R-152A refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var COP_vcr | COP_cascade | % improvement Exergy Exergy % improvement
Overlapping (°C) in COP Efficiency_var | Efficiency_cascade in Exergy
using R-32 Efficiency
0 0.322 2.906 0.4811 49.3 0.1323 0.3312 150.3
5 0.322 2571 0.470 45,97 0.1323 0.3234 144.4
10 0.322 2.292 0.4595 42.7 0.1323 0.3161 138.9

Table-2(b): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
igerant in low temperature cycle at evaporator temperature =-50°C

ecofriendly R-152A refr

Temperature COP_var COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-152A in COP Efficiency
0 0.322 3.014 0.4811 50.69 0.1323 0.3341 152.4
5 0.322 2.699 0.470 47.35 0.1323 0.3265 146.7
10 0.322 2414 0.4595 44.16 0.1323 0.3194 141.4

Table-2(c): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly R-245fa refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var COP_vcr | COP_cascade | % improvement Exergy Exergy % improvement
Overlapping (°C) in COP Efficiency_var | Efficiency_cascade in Exergy
using R-245fa Efficiency
0 0.322 3.03 0.4849 50.60 0.1323 0.3341 152.3
5 0.322 2.684 0.4739 47.18 0.1323 0.3265 146.5
10 0.322 2.394 0.4634 43.93 0.1323 0.3194 141.0

Table-2(d): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly R-134a refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var | Efficiency_cascade in Exergy
using R-134A in COP Efficiency
0 0.322 3.04 0.4852 50.69 0.1323 0.3328 152.4
5 0.322 2.699 0.4744 47.35 0.1323 0.3249 146.7
10 0.322 2.414 0.4642 44.18 0.1323 0.3174 141.4

Table-2(e): Thermal performances of cascaded refrigeration system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP ecofriendly
HFO-1234yf refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var | Efficiency_cascade in Exergy
using R-1234yf in COP Efficiency
0 0.322 2.909 0.4812 49.46 0.1323 0.3313 150.3
5 0.322 2.552 0.4693 45.75 0.1323 0.3229 144.0
10 0.322 2.250 0.4578 42.18 0.1323 0.3150 138.0
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Table-2(f): Thermal performances of cascaded refrigeration system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP ecofriendly
HFO-1234ze refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var | Efficiency_cascade in Exergy
using R-1234ze in COP Efficiency
0 0.322 2.96 0.4828 49.95 0.1323 0.3324 151.2
5 0.322 2.606 0.4712 46.35 0.1323 0.3243 145.0
10 0.322 2.307 0.4601 42.89 0.1323 0.3165 139.2

Table-3(a): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC-410A refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-410A in COP Efficiency
0 0.322 291 0.4813 49.47 0.1323 0.3313 150.4
5 0.322 2.567 0.4698 45.92 0.1323 0.3233 144.3
10 0.322 2.279 0.4589 4253 0.1323 0.3158 138.6

Table-3(b): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
erant in low temperature cycle at evaporator temperature =-50°C

ecofriendly HFC-141B refri

Temperature COP_var COP_vcr COP_cascade % Exergy Exergy %
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade improvement
using R-141b in COP in Exergy

Efficiency
0 0.322 3.163 0.4888 51.80 0.1323 0.3366 154.3
5 0.322 2.822 0.4785 48.60 0.1323 0.3294 148.9
10 0.322 2.537 0.4688 4559 0.1323 0.3226 143.8

Table-3(c): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP

ecofriendly HFC-124 refrigerant in low temperature cycle at evaporator temperature =-50°C
Temperature COP_var COP_vcr COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var | Efficiency_cascade in Exergy
using R-124 in COP Efficiency
0 0.322 3.008 0.4842 50.4 0.1323 0.3334 151.9
5 0.322 2.655 0.4729 46.87 0.1323 0.3255 145.9
10 0.322 2.358 0.4621 435 0.1323 0.3179 140..2

Table-3(d): Thermal performances of cascaded refrigeration system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP ecofriendly
erature cycle at evaporator temperature =-50°C

HFC-227ea refrigerant in low tem

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-227ea in COP Efficiency
0 0.322 2.771 0.4768 48.09 0.1323 0.3282 148.0
5 0.322 241 0.4641 44.2 0.1323 0.3193 1413
10 0.322 2.104 0.4516 40.26 0.1323 0.3107 134.8

Table-3(e): Thermal performances of cascaded refrigeration system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP ecofriendly
HCFC-123 refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-123 in COP Efficiency
0 0.322 3.083 0.4864 51.08 0.1323 0.3350 153.1
5 0.322 2.739 0.4758 47.76 0.1323 0.3275 147.4
10 0.322 2.452 0.4656 44.62 0.1323 0.3204 1421
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HFC-407C refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var | COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-407c in COP Efficiency
0 0.322 2.517 0.468 45.36 0.1323 0.3221 143.4
5 0.322 2.249 0.4577 42.16 0.1323 0.3149 138.0
10 0.322 2.019 0.4478 39.9 0.1323 0.3081 132.8

Table-3(g): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC-507A refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-507A in COP Efficiency
0 0.322 2.84 0.4790 48.78 0.1323 0.3292 149.2
5 0.322 2.485 0.4669 45.0 0.1323 0.3213 142.8
10 0.322 2.185 0.4551 41.33 0.1323 0.3131 136.6

Table-3(h): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC-143A refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var COP_vcr | COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var Efficiency_cascade in Exergy
using R-143a in COP Efficiency
0 0.322 3.609 0.5003 55.39 0.1323 0.3447 160.5
5 0.322 3.162 0.4887 51.79 0.1323 0.3366 154.3
10 0.322 2.789 0.4774 48.27 0.1323 0.3286 148.3

Table-3(i): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cy!

ecofriendly HFC-125 refrigerant in low temperature cycle at evaporator temperature =-50°C

cle using low GWP

Temperature COP_var COP_vcr COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var | Efficiency_cascade in Exergy
using R-125 in COP Efficiency
0 0.322 2.768 0.4767 48.06 0.1323 0.3281 148.0
5 0.322 2.406 0.4639 44.08 0.1323 0.3192 141.2
10 0.322 2.10 0.4514 40.2 0.1323 0.3106 134.7

Table-3(j): Thermal performance

s of cascaded refrigeration system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP ecofriendly

HFC-404A refrigerant in low temperature cycle at evaporator temperature =-50°C

Temperature COP_var COP_vcr COP_cascade % Exergy Exergy % improvement
Overlapping (°C) improvement | Efficiency_var | Efficiency_cascade in Exergy
using R-404a in COP Efficiency
0 0.322 2.80 0.4778 48.38 0.1323 0.3289 148.50
5 0.322 2.455 0.4657 44.65 0.1323 0.3205 142.2
10 0.322 2.162 0.4541 41.03 0.1323 0.3124 136.1

2.3 Effect of low temperature cycle evaporator temperature
on ideal Thermal performances of cascaded refrigeration
system usingNHs-H2O (VAR) cycle coupled with VCR
cycle using ultra-low/ low GWP ecofriendly HFO & HFC

refrigerants in low temperature cycle

The effect of LTC Evaporator Temperature (°C) on Thermal
performances of cascaded refrigeration system usingNHs-H,0O
(VAR)cycle coupled with VCR cycle using ultra-low / low
GWP ecofriendly HFO & HFC refrigerants in low temperature
cycle have been shown in tables-4 respectively. It was found
that by increasing LTC Evaporator Temperature (°C) of

cascaded cycle, the first law efficiency (COP) is increasing
while and second law efficiency (Exergy efficiency) is
decreasing. Similarly, % improvement in cascaded system
COP and cascaded exergy efficiency is decreasing. The best
performance was observed by using R152a and R245fa. The
Thermal performances of cascaded refrigeration system
usingNHs-H-0 (VAR)cycle coupled with VCR cycle using
low GWP ecofriendly R-32A refrigerant in low temperature
cycle at evaporator temperature is slightly lower than using
HFC-134a and other HFCs in VCR cycle. By increasing LTC
evaporator temperature, the first law efficiency (COP) of
cascaded system is increasing along with increasing
performance enhance and second law efficiency (exergy
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efficiency) of cascaded system is decreasing along with

decreasing performance enhancement.

Table-4(a): Ideal Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFO-1234yf refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator COP_cascade COP_var % Exergy Exergy % improvement in | COP_vcr Exergy
Temperature (°C) improvement Eff_cascade Eff._var | Exergy Efficiency Eff._vcr
using R-1234yf in COP
-50 0.4895 0.322 52.03 0.3371 0.1323 154.7 3.19 0.108
-45 0.5023 0.322 56.02 0.3361 0.1323 154.0 3.689 0.1058
-40 0.5155 0.322 60.10 0.3346 0.1323 152.8 4.305 0.1022
-35 0.5290 0.322 64.29 0.3325 0.1323 151.3 5.082 0.09794
-30 0.5428 0.322 68.58 0.330 0.1323 149.4 6.092 0.09314
Table-4(b): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR) cycle coupled with VCR cycle using low GWP
ecofriendly HFC- R-152a refrigerant in low temperature cycle at evaporator temperature =-50°C
LTC Evaporator | COP_cascade | COP_var % Exergy Exergy % improvement in COP_vcr Exergy
Temperature (°C) improvement | Eff_cascade Eff._var Exergy Efficiency Eff._var
using R-152a in COP
-50 0.4945 0.322 53.58 0.3406 0.1323 157.4 3.374 0.1116
-45 0.5067 0.322 57.38 0.3390 0.1323 156.2 3.881 0.1080
-40 0.5193 0.322 61.27 0.3369 0.1323 154.6 4.505 0.1039
-35 0.5321 0.322 65.26 0.3344 0.1323 152.7 5.290 0.09925
-30 0.5453 0.322 69.36 0.3314 0.1323 150.4 6.307 0.09410

Table-4(c): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR) cycle coupled with VCR cycle using low GWP
ecofriendly HFC- R-245fa refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator COP_cascade COP_var % Exergy Exergy | % improvement COP_vcr Exergy
Temperature (°C) improvement Eff_cascade | Eff._var in Exergy Eff._var
using R-245fa in COP Efficiency
-50 0.4940 0.322 53.43 0.3403 0.1323 157.1 3.355 0.1113
-45 0.5064 0.322 57.28 0.3388 0.1323 156.0 3.867 0.1078
-40 0.5191 0.322 61.23 0.3368 0.1323 154.5 4.497 0.1038
-35 0.5321 0.322 65.27 0.3344 0.1323 152.7 5.292 0.09927
-30 0.5455 0.322 69.41 0.3314 0.1323 150.3 6.321 0.09416

Table-4(d): Thermal performances of cascaded refrigeration system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP ecofriendly
HFC- R-134a refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator COP_cascade | COP_var | % improvement Exergy Exergy % COP_vcr | Exergy

Temperature (°C) using R- in COP Eff_cascade | Eff._var | improvementin Eff._var
134a Exergy

Efficiency

-50 0.4922 0.322 52.88 0.3390 0.1323 156.2 3.289 0.1104

-45 0.5047 0.322 56.75 0.3377 0.1323 155.2 3.792 0.1070

-40 0.5175 0.322 60.73 0.3358 0.1323 153.8 4.411 0.1031

-35 0.5306 0.322 64.81 0.3335 0.1323 152.0 5.191 0.09864

-30 0.5441 0.322 68.99 0.3307 0.1323 149.9 6.203 0.09364

Table-4(e): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC- R-32 refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator COP_cascade | COP_var % Exergy Exergy % improvement in COP_vcr Exergy
Temperature (°C) improvemen | Eff_cascade Eff._var | Exergy Efficiency Eff._var
using R-32 tin COP
-50 0.4902 0.322 52.24 0.3376 0.1323 155.1 3.355 0.1092
-45 0.5028 0.322 56.16 0.3364 0.1323 154.2 3.867 0.1060
-40 0.5158 0.322 60.19 0.3347 0.1323 152.9 4.497 0.1023
-35 0.5291 0.322 64.31 0.3326 0.1323 151.3 5.292 0.09797
-30 0.5427 0.322 68.55 0.3299 0.1323 149.3 6.321 0.09310
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Table-4(f): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP

ecofriendly R-717 refrigerant in low temperature cycle at evaporator temperature =-50°C
LTC Evaporator COP_cascade | COP_var % Exergy Exergy % improvement | COP_vcr | Exergy
Temperature (°C) using improvement | Eff_cascade | Eff._var in Exergy Eff._var
R-717 in COP Efficiency

-50 0.490 0.322 52.17 0.3374 0.1323 155.0 3.206 0.1091

-45 0.5029 0.322 56.20 0.3365 0.1323 154.3 3.715 0.1061

-40 0.5162 0.322 60.32 0.3350 0.1323 153.1 4.341 0.1025

-35 0.5297 0.322 64.52 0.3330 0.1323 151.6 5.130 0.09825

-30 0.5435 0.322 68.80 0.3304 0.1323 149.7 6.152 0.09340

2.4 Effect of low temperature cycle evaporator temperature efficiency) is decreasing. Similarly the percentage

on ideal thermal performances of cascaded refrigeration
system usingNH3-H2O VAR cycle coupled with VCR cycle
using ultra low/ low GWP ecofriendly HFO & HFC
refrigerants in low temperature cycle

The effect of LTC Evaporator temperature (°C) on actual
Thermal performances of cascaded refrigeration system
usingNH3-H,O (VAR) cycle coupled with VCR cycle using
ultra-low / low GWP ecofriendly HFO & HFC refrigerants in
low temperature cycle have been shown in tables-5
respectively. It was found that by increasing LTC Evaporator
Temperature (°C) of cascaded cycle, the first law efficiency
(COP) is increasing while and second law efficiency (Exergy

improvement in cascaded system COP and cascaded exergy
efficiency is decreasing. The best performance were observed
by using R152a and R245fa. The thermal performances of
cascaded refrigeration system usingNHs-H.O  vapour
absorption system coupled with vapour compression
refrigeration system using low GWP ecofriendly R-32A
refrigerant in low temperature cycle at evaporator temperature
is slightly lower than using HFC-134a and other HFCs in VCR
cycle. By increasing LTC evaporator temperature, the first law
efficiency (COP) of cascaded system is increasing along with
increasing performance enhance and second law efficiency
(exergy efficiency) of cascaded system is decreasing along

with decreasing performance enhancement.

Table-5(a): Actual Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP

ecofriendly HFO-1234yf refrigerant in low temperature cycle at evaporator temperature =-50°C
LTC Evaporator | COP_cascade COP_var % Exergy Exergy % improvement | COP_vcr Exergy
Temperature (°C) improvement Eff_cascade Eff._var in Exergy Eff._var
using R-1234yf in COP Efficiency
-50 0.4693 0.322 45.75 0.3229 0.1323 144.0 2.552 0.09792
-45 0.4825 0.322 49.86 0.3230 0.1323 144.1 2.951 0.09593
-40 0.4963 0.322 54.15 0.3227 0.1323 143.9 3.444 0.09340
-35 0.5108 0.322 58.61 0.3219 0.1323 143.3 4.066 0.09033
-30 0.5256 0.322 63.26 0.3207 0.1323 142.4 4.873 0.08668

Table-5(b): Actual Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC- R-152a refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator | COP_cascade | COP_var % Exergy Exergy % improvement | COP_vcr Exergy
Temperature (°C) improvement Eff_cascade Eff._var in Exergy Eff._var
using R-152a in COP Efficiency
-50 0.4744 0.322 47.35 0.3265 0.1323 146.7 2.699 0.1007
-45 0.4871 0.322 51.28 0.3260 0.1323 146.4 3.105 0.09819
-40 0.5003 0.322 55.38 0.3252 0.1323 145.7 3.604 0.09521
-35 0.5141 0.322 59.66 0.3239 0.1323 144.8 4.232 0.09172
-30 0.5284 0.322 64.11 0.3222 0.1323 1435 5.046 0.08772

Table-5(c): Actual Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC- R-245fa refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator | COP_cascade | COP_var % Exergy Exergy % improvement | COP_vcr Exergy
Temperature (°C) improvement Eff_cascade Eff._var in Exergy Eff._var
using R-245fa in COP Efficiency
-50 0.4739 0.322 47.18 0.3262 0.1323 146.5 2.684 0.1004
-45 0.4868 0.322 51.18 0.3258 0.1323 146.2 3.093 0.09802
-40 0.5002 0.322 55.34 0.3251 0.1323 145.6 3.598 0.09514
-35 0.5141 0.322 59.67 0.3239 0.1323 144.8 4.233 0.09174
-30 0.5286 0.322 64.17 0.3223 0.1323 143.6 5.057 0.08779
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Table-5(d): Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP
ecofriendly HFC- R-134a refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator | COP_cascate | COP_var % Exergy Exergy % improvement | COP_vcr Exergy
Temperature (°C) improvement Eff_cascade Eff._var in Exergy Eff._var
using R-134a in COP Efficiency
-50 0.4721 0.322 46.62 0.3249 0.1323 145.5 2.631 0.09943
-45 0.4850 0.322 50.63 0.3247 0.1323 145.3 3.033 0.09715
-40 0.4934 0.322 54.81 0.3240 0.1323 144.8 3.528 0.09437
-35 0.5321 0.322 59.16 0.3230 0.1323 144.10 4.153 0.09107
-30 0.5455 0.322 63.7 0.3215 0.1323 142.9 4.962 0.08722

Table-5(e): Actual Thermal performances of cascaded refrigeratio

ecofriendly HFC- R-32 refrigerant in low temperature cycle at evaporator temperature =-50°C

n system usingNH3-(VAR) cycle coupled with VCR cycle using low GWP

LTC Evaporator COP_cascade | COP_var % Exergy Exergy % improvement | COP_vcr Exergy
Temperature (°C) improvement Eff_cascade Eff._var in Exergy Eff._var
using R-32 in COP Efficiency
-50 0.470 0.322 45.97 0.3234 0.1323 144.3 2571 0.09829
-45 0.4830 0.322 50.01 0.3234 0.1323 144.3 2.967 0.09616
-40 0.4966 0.322 54.23 0.3229 0.1323 144.0 3.499 0.09352
-35 0.5108 0.322 58.63 0.3220 0.1323 143.3 4.070 0.09036
-30 0.5255 0.322 63.22 0.3207 0.1323 142.3 4.867 0.08664

Table-5(f): Actual Thermal performances of cascaded refrigeration system usingNH3-H20 (VAR)cycle coupled with VCR cycle using low GWP

ecofriendly R-717 refrigerant in low temperature cycle at evaporator temperature =-50°C

LTC Evaporator COP_cascade | COP_var % Exergy Exergy % improvement in COP_vcr Exergy
Temperature (°C) improvement | Eff _cascade | Eff._var | Exergy Efficiency Eff._var
using R-717 in COP
-50 0.4696 0.322 45.89 0.3233 0.1323 144.3 2.565 0.09816
-45 0.4831 0.322 50.06 0.3234 0.1323 144.4 2.972 0.09623
-40 0.4971 0.322 54.37 0.3232 0.1323 144.2 3.473 0.09373
-35 0.5115 0.322 58.85 0.3224 0.1323 143.6 4.104 0.09065
-30 0.5264 0.322 63.50 0.3211 0.1323 142.7 4.921 0.08697
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