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Abstract : Use of synthetic refrigerants is restricted under 

several agreements because of their detrimental effect on our 

environment. Owing to the fact, that they have high global 

warming potential (GWP) and ozone depletion 

potential(ODP). Soagain, carbon dioxide is gaining 

popularity in the areas of refrigeration and air conditioning 

because of its eminent properties as a refrigerant. In this 

paper we are presenting the investigationof the performance 

of transcritical CO2 in the Indian conditions so that further 

scope of using carbon dioxide as a refrigerant increase in the 

future. India has a vast assortment of climates ranging from 

tremendously hot desert regions to high altitude sites with 

extremely cold conditions. And it is also proved by 

researchers that after some modifications transcritical 

CO2 may provide better results as compared to the synthetic 

refrigerants. However, there is a very wide gap in using CO2 

in applications due to less research was done in this area, 

especially in Indian context. 
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INTRODUCTION: 

Carbon dioxide (CO2) was the first refrigerant ever used in 

refrigeration systems and till the 1930; almost 80% of marine 

applications were using CO2 as a refrigerant. With introduction 

of CFCs (nontoxic, nonflammable and operated efficiently 

over a range of temperatures) [1] in 1950, there is a sharp 

decline in uses of CO2, because of its high operating pressure. 

From 1950 onwards, CO2 has been completely replaced by 

CFCs. CFCs were restricted under Montreal protocol because 

of their high ozone depletion potential (ODP). Consequently, 

CFCs replaced by HCFCs which have an ozone depletion 

potential to a less extent. But HCFCs also banned during under 

Montreal Protocol, which results introduction HFCs, which do 

not have ODP but having high global warming 

potential(GWP). Therefore, they are restricted under the Kyoto 

Protocol.In 2015, European Union (EU) made a new 

regulation by which all the Fluorinated greenhouse gases will 

be phased out by 2030 with GWP greater than 150 from 

mobile air conditioning systems. 

Looking at it, we are again turning towards natural refrigerants 

andCO2 being a natural refrigerant is a best supplement 

because of its excellent properties as a refrigerant. It can be 

extracted from environment economically as well as it is safe 

(zero ODP and low GWP), nontoxic, non-flammable and 

environment-friendly, high volumetric capacity lower 

compressor ratio and exonerated thermo physical properties 

[2]. It is an inert gas, perfect for every normal material 

experienced in a refrigerating circuit, both metals and plastics. 

And its credit goes to professor Gustove, who was the first to 

draw the attention towards the use of CO2 and he also 

eliminates the problem that was occurred with the transcritical 

CO2 subcritical system operating with heat rejection 

temperature in the vicinity of critical point in his patent [3] 

application for a CO2transcritical cycle for automotive air 

conditioning system. 

CO2 has low critical temperature (30.98°C), which causes it to 

operate in transcritical conditions. However, in transcritical 

refrigeration system heat rejection takes place above the 

critical point of CO2. That’s why in the transcritical carbon 

dioxide cycle we make use of gas cooler instead of condenser. 

Because at high temperatures carbon dioxide becomes dense 

and it is not possible to reject heat in the condenser, so we use 

gas cooler instead of condenser. And it operates at very high 

pressure that’s major problem with this cycle. Many efforts 

have been done to enhance the transcritical carbon dioxide 

cycle so that it can give equal or more efficiency than 

synthetic refrigerants give. TranscriticalCO2 cycle gives 

appreciable performance in the cold regions. But the 

performance of gas cooler is highly sensitive to operating 

temperature and pressure for tropical or Indian climatic 

conditions (where the ambient temperature is higher) [4], so 

modification is necessary to improve the coefficient of 

performance(COP) of the transcritical cycle. And various 

techniques were applied by many researchers to modify the 

performance of transcriticalCO2 refrigeration cycle. An 

experiment was performed using internal heat exchanger in a 

transcritical CO2 refrigerator to improve the efficiency of the 

single stage system [5]. Sarkar et al [6] and Bell et al [7] 

shows that COP of transcritical cycle for warm climates can be 

enhanced by employing parallel compression. Sarkar [6] 

employed a parallel compression economization, is a process 

of improving the performance of transcritical CO2 

refrigeration cycle. in which refrigerant vapor is compressed 

up to supercritical discharge pressure in two different non-

mixing streams. As shown in fig.1 ,onestream coming from 

economizer (at point 8) , another stream from evaporator (at 

point 2) and goes to gas cooler.COP of transcritical CO2 cycle 

will be optimum at combination of specific operating 

parameters purposed by Kim et al. [2]. Winkler et al. [8] 

proposed that by incorporating thermoelectric subcooler as a 

dedicated subcooler at the exit of a gas cooler of a transcritical 

CO2,which increases the COP by 16% and cooling capacity by 

20%, even after external power consumption taken into 

account.Sarkar [9] showed the increase in COP, volumetric 

cooling capacity and decrease in high side pressure, 

compressor pressure ratio and compressor discharge 

temperature with the use of thermoelectric subcooler in the 

transcritical CO2 refrigeration system. AkliluTesfamichaelet 

al.[10] studied transcritical CO2 refrigeration cycle by making 

a model and simulated at different operating parameters. And 

foundthat the cycle pressure (corresponds to maximum COP) 
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is depends on gas cooler exit temperature and evaporator 

temperature and cycle was more suitable for air conditioning 

than refrigeration. Dubey et al. [11] studied the transcritical 

CO2/propylene (R744–R1270) cascade system for cooling and 

heating applicationsand found that transcritical CO2-propylene 

is better than N2O-CO2, CO2-propane and subcritical cascade 

cycles in terms of COP. The maximum COP increases with the 

increase in evaporator exit temperature, but decreases as gas 

cooler exit temperature. Rawat et al. [12] demonstrated that 

COP of transcritical carbon dioxide system increases with a 

decrease in gas cooler inlet temperature of external fluid and 

increase in evaporator temperature and not affected by the 

effectiveness of internal heat exchanger. 

 

Exergy Study : 

Yang et al. [13] found that transcritical CO2 cycle with 

expander has 33% more COP and 30% more exergy efficiency 

than the throttling valve cycle. And largest exergy loss occurs 

at throttle valve (38%) in case of throttling valve cycle and in 

expander it occurs from gas cooler (38%) and compressor 

(35%). Exergy analysis of transcritical CO2 cycle is performed 

with throttling valve and ejector by Ma Yi-Tai et al. [14] and It 

is found that ejector reduces 70% more exergy loses and 

increases COP up to 36% in comparison to throttling valve. 

Goodarziet al. [15] Studied the modified transcritical CO2 

refrigeration cycle. Modification was made by extracting a line 

of saturated vapor flow from separator and feeding to the 

intercooler and concluded that COP of the modified cycle was 

improved by 26.89% as comparison to original cycle operating 

at a particular set of parameters. And it is also repoted that as 

compare to original cycle this modification averagely 

decreased the exergy destruction rate by 18.6%. 

 

Study of transcritical CO2 cycle with dedicated mechanical 

subcooling:- 

J.W.Thornton et al. [16] compared an optimum value of 

subcooling evaporator temperature of an ideal dedicated 

mechanical subcooling cycle and of a property dependent 

computer model. Results exhibit that the optimum temperature 

of subcooler evaporator greatly depends on the extreme 

temperatures of the cycle, but less rely on the subcooler heat 

exchanger parameters.  Rodrigo llopis et al [17] evaluate a 

transcritical CO2 refrigeration system with dedicated 

mechanical subcoolingat two evaporating temperatures (0 & 

10°C) and three heat rejection temperatures (24,30 &40°C). 

And obtain a increment of 55.7% in cooling capacity and 

30.3% in COP for proposed system. Residential building of 

1.5 ton was taken and experiment was conducted with and 

without using dedicated subcooler at room temperature of 18 

to 22°C byQureshi et al. [18] . Increase in efficiency was 

found by 21% with the use of dedicated subcooler. Fig. 2 

explains the working of dedicated mechanical subcooling 

cycle. Subcooling is done in the vapor compression 

refrigeration cycle to improve the coefficient of performance 

of the system. Subcooling of the refrigerant is done at the exit 

of condenser, to allow the refrigerant to enter into the main 

refrigeration cycle with lower quality so that it can absorb 

more heat from the refrigerated space in the evaporator. In 

dedicated mechanical Subcooling vapor compression 

refrigeration system, a small vapor compression refrigeration 

cycle is employed to perform Subcooling. As shown in figure 

2, there are two cycles one is main refrigeration cycle (situated 

below) and other is dedicated subcooling cycle. Both the 

cycles are coupled at the exit of condenser with the help of 

subcooler. “In practice, the components of the subcooling 

cycle are a fraction of the size of the main cycle components 

and perform through much smaller temperature extremes. For 

this reason, the COP of the subcoolingcycle is appreciably 

higher than that of the main refrigeration cycle. This high 

subcooling cycle COP can result in an increase in the overall 

cycle COP” [16]. 

Fig. 3, clearly shows that dedicated mechanical subcooling 

cycle allows the refrigerant to enter into the evaporator of 

main cycle with a lower quality. Consequently, an increase in 

refrigeration capacity per unit mass of refrigerant circulated 

occurs. 

 

Study of CO2 based transcritical cycle in Indian context: - 

Nilesh Purohit et al. [19] demonstrate that, parallel 

compression is more effective with transcritical CO2 cycle 

than inter-cooling in high ambient temperatures like India. 

Maximum improvement noticed in COP was about 25% for 

parallel compression configuration. And for parallel 

compression configuration the operating gas cooler pressure 

was found lower.Figure 4 shows the basic transcritical carbon 

dioxide refrigeration cycle and its P-h diagram as given by 

Nilesh purohit et al. [19]. Refrigerant flows from compressor 

to gas cooler where it gives off its heat to another fluid and 

then through the expansion device goes into the evaporator 

and takes heat from the refrigerated space. As shown in P-h 

diagram, at the exit of compressor it is above critical point and 

heat rejection takes place above critical point in the gas where 

no saturation point exists. So at gas cooler exit the gas cooler 

pressure is independent of the refrigerant temperature. And 

evaporation takes place below critical point. 

Dasgupta et al. [20] reported that performance of transcritical 

CO2booster system for supermarket with expander is higher as 

compared to that without expander, the mass flow rate and gas 

cooler operating pressure is lower for cycle with expander, gas 

cooler inlet temperature is higher for cycle with expander 

beyond the operating limit (12 MPa) in warm climates. Nilesh 

et al. [21]analysed five CO2 booster refrigeration cycles on the 

basis of energy and economic aspects by taking temperatures 

from the four cities of world (warm climates). New Delhi 

found to be having higher annual energy savings, the recovery 

time is longer and the total money savings are lower owing to 

lower electricity tariff. Gupta[22] demonstrate that COP of a 

transcritical cycle can be improved by employing a recovery 

turbine. This study was done for design and operating 

parameters based on local environmental conditions for the 

best possible performance (in Indian context). 

 

Conclusion: 

CO2 having GWP (=1) is a very promising incumbent for 

refrigeration and air conditioning industry. CO2 based systems 

have been giving promising results in cold climates and now 

researchers taking this CO2 based system and studying it 

theoretically and experimentally for the various refrigeration 

applications. 

In Indian context, also it is being studied for the supermarkets 

based on energetic performance and more exergetic 

performance study should be performed. 
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Figure contents: 

Fig: l : layout and p-h diagram of CO2 cycle with parallel 

compression economization[6] 

Fig 2. : Schematic of a vapor compression cycle with 

dedicated mechanical sub-cooling[18] 

Fig 3. : Pressure-enthalpy diagram of a refrigeration cycle with 

dedicated subcooling [18]. 

Fig.4 : Basic transcritical CO2 refrigeration cycle [19] 
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Fig: l : layout and p-h diagram of CO2 cycle with parallel 

compression economization [6] 

 

Fig 2. : Schematic of a vapor compression cycle with 

dedicated mechanical sub-cooling[18] 

 

 

 

 

 

 

Fig 3. : Pressure-enthalpy diagram of a refrigeration cycle 

with dedicated subcooling [18]. 

 

Fig.4 : Basic transcritical CO2 refrigeration cycle [19]  


