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ABSTRACT 
In the present work, the feasibility of utilizing R152a and other refrigerants like R290, R600, R600a, and R1234ze as alternatives 
to R134a in automobile air-conditioning system is investigated. The refrigerants are assessed at different condensing and 
evaporator temperatures. The performance characteristics like pressure ratio, volumetric cooling capacity (VCC), coefficient of 
performance (COP), work done, and mass flow rate are evaluated with different refrigerants. The results show that COP of R152a 
is better than R134a, and VCC of R152a is closer to R134a. It is found that pure hydrocarbon refrigerants are not suitable for 
substituting R134a due to its mismatched VCC. The results confirm that R152a is well suited refrigerant for substituting in place of 
R134a in the automobile air-conditioning systems. 
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INTRODUCTION 

 

Improving the performance of automobile air-conditioning system and attenuating global warming potential 

(GWP) are the key activities of the present work. R134a is a mostly used refrigerant which causes high global 

warming potential (GWP) of 1300. Kyoto Protocol of United Nations Framework Convention on Climate 

Change (UNFCCC) emphasizes emission reduction including hydro-fluorocarbon (HFC) refrigerants. In India, 

most of the domestic refrigerators use R134a as the refrigerant because of its significant thermodynamic and 

thermo-physical properties. In this context, Ghodbane [1] investigated R152a refrigerant as a substitute for 

R134a in automobile air-conditioning system. It was found that R152a has higher value of coefficient of 

performance (COP) than R134a. It was also shown that R152a exhibits lower value of GWP as compared to 

R134a. Akintunde [2] analysed the performance of eco friendly refrigerant mixture consisting of R134a and 

R600a with different blends as a substitute for R12 which is used in domestic refrigerator. The results showed 

that 50:50 blend of R134a/R600a imparts a higher value of COP under the same operating conditions. Bolaji [3] 

carried out an experimental study on the performance of split air-conditioning retrofitted with R410a and R417a. 
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It was found that R417a appeared to be a better choice for retro fitting existing split air-conditioner using R22. 

Steven Brown et al. examined theoretically about the performance of automobile air condition system CO2 with 

a minor modification of adding a liquid line/suction line heat exchanger. The end result bestowed that the COP 

value of CO2 is lesser when compared with existing system and further it has reduced with increase in 

atmospheric temperature. Mohanraj et al.[5] theoretically assessed the possibility of using alternate refrigerant 

for R134a used in domestic refrigerator. It was found that R152a is a better substitute for R134a for domestic 

refrigerators. Ravikumar et al. [6] carried out a study on road performance of automobile air-conditioning 

system with a blend of R134a/R100a/R290 in the actual operating conditions and found the blend to be a 

promising substitute for R12. Francisco Mole et al. evaluated the performance of R1234YL and R1234Ze in a 

single stage vapour compression refrigeration system and found as alternative for R134a. From the 

environmental, ecological, and health point of view, there is an urgent need to find a better substitute for the 

HFC refrigerants. 

From the above literature review, it is observed that many research studies reported the performance of 

R152a, R1234YL, R1234Ze, blending of R134a/R600a, and different hydrocarbon refrigerants as alternatives to 

R134a used in domestic refrigerators. In addition, the possibility of using R152a and different hydrocarbon 

refrigerants at different climatic conditions in the domestic refrigerators in place of R134a has also been 

investigated [5]. It is also important to investigate the feasibility of using alternative refrigerants like R152a in 

the automobile air-conditioning system which has direct impact on global warming. In this context, the present 

work aims on evaluating the performance of automobile air-conditioning system using R134a, R1234ze, R152a, 

R600, R600a and R290. A computer program has been developed with input data like condenser temperature 

and evaporator temperature of vapour compression refrigeration (VCR) system used in the automobile air-

conditioning system. The performance characteristics like pressure ratio, COP, refrigerant mass flow rate, work 

done, volumetric cooling capacity (VCC) have been evaluated with different refrigerants.  

 

Methodology: 

Working of VCR used in automobile air-conditioning system: 

The schematic of vapor compression refrigeration cycle and pressure-enthalpy diagram is shown in Fig. 

1(a) and (b), respectively. The VCR consists of a sealed compressor, air-cooled condenser, capillary tube 

expansion device, and an evaporator. The compressor enforces the refrigerant vapour and it is removed from the 

evaporator in such a way to ensure that both pressure and temperature are maintained at desired level. 

Meanwhile, circulation of the refrigerant is maintained in the cooling circuit. The compressor is usually run by 

the vehicle engine and it operates at various rotating speeds, which controls the capacity of refrigerant 

equipment. Modern compressors with variable capacity allow transport quantities to vary between 0 and 100% 

and thereby reducing fuel demands. 

 
(a)                                                                          (b) 

Fig. 1: (a) Components of vapour compression refrigeration in automotive air conditioning, and (b) Cycle 

analysis of air conditioning system 

 

In Fig. 1(b), sub-cooling and superheating the pressure-enthalpy diagram of vapor compression 

refrigeration system with. The following assumptions were made to study the performance and the 

environmental impacts of the refrigerants used as alternatives: (a) Steady-state processes; (b) No pressure losses 

along the pipe and in the valves (changes only in compressor and capillary tube); (c) Isentropic efficiency of the 

compressor, 75%; (d) Speed of the compressor is 1500 RPM; (e) 2°C sub-cooling at the inlet to the expansion 

valve; (f) 3°C superheating at the inlet of the compressor; (g) charge requirement of R134a and R152a, 125g and 

hydrocarbons, and 60% of R134a.  

The important parameters considered are pressure ratio, work done, VCC, and COP. The pressure ratio is 

calculated by the Eq. (1). 
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Here C and Vst are assumed as 0.04 and 6.13 cm3, respectively (Valeo Compressors Manual). 

The mass flow rate of the refrigerant is calculated by Eq. (3) 
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The compressor discharge temperature is calculated by Eq. (4) 
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The power to drive the compressor is calculated by Eq. (5)

 )( 12 hhmPI rcomp                (5) 

The cooling capacity of the evaporator is given by Eq. (6) 

)( 41 hhmQ revap                (6) 

The volumetric cooling capacity is given by Eq. (7) 
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The amount of heat rejected in the condenser is calculated by Eq. (8) 

)( 23 hhmQ rcond                (8) 

The coefficient of performance is calculated by Eq. (9) 
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The work done is calculated by Eq. (10) 

)( 12 hhmW rcomp 
                                 (10)

 

Table 1 shows the thermodynamic properties of refrigerants used in the present work.  

 
Table 1: Properties of refrigerants 

Refrigerant Chemical Name Critical Properties Boiling 
Point (°C) 

Flammability 
Limit (LFL) 

Environmental Properties 

Tc (°C) pc (MPa) ODP GWP 

R134a Tetrafluoro Ethane 101.1 4.06 -26.1 Non flammable 0 1300 

R1234ze 

Trans-1,3,3,3-

Tetrafluoroprop-1-
ene 

109.4 3.636 -19 NA 0 7 

R290 Propane 96.7 4.248 -42.1 2.1 0 20 

R152a Difluroethane 113.3 4.52 -24 3.7 0 140 

R600 Butane 152 3.8 -2 1.5 0 20 

R600a Isobutane 134.7 3.64 -11.7 1.7 0 20 

 

RESULTS AND DISCUSSION 

 

Effect of different refrigerant properties at different condensing temperatures on pressure ratio, mass flow rate, 

work done, COP and VCC: 

Fig. 2 (a-e) shows the performance characteristics of different refrigerants such as R134a, R1234ze, R152a, 

R600, R600a and R290 simulated at different condensing temperatures from 35oC to 55oC at -5oC evaporator 

temperature. Fig. 2(a) shows the trend of pressure ratio with respect to condenser temperature with different 

refrigerants. It is noted that the increasing trend in pressure ratio with respect to refrigerants is in the order of 

R290, R600a, R152a, R134a, R1234ze, and R600. It is observed that the refrigerant R600 yields the highest 

pressure ratio as compared to the lowest pressure ratio yielded by R290. The increase in pressure ratio causes 

reduction in the volumetric efficiency of the compressor. 

The mass flow rate of different refrigerants at different condenser temperature is shown in Fig. 2(b). It is 

observed that R134a exhibits maximum mass flow rate as compared to other refrigerants in the present 

comparison. There is not much difference in mass flow rate of refrigerants with increase in condensing 

temperature since there is no significant change in specific volume of the refrigerant within the specified 

temperature.  
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Fig. 2(c) shows the trend of work done different refrigerants with respect to condenser temperature. It is 

noticed that work done by the refrigerants increases with increase in the condensing temperature. The increasing 

trend of work done by the refrigerants with increase in condenser temperature is in the order of R600, R600a, 

R152a, R290, R1234ze, and R134a. It is obvious from Fig. 2(b) that increase in mass flow rate has directly 

reflected on increase in work done by the refrigerants since both are directly proportional.  

 

 

 

 
Fig. 2: Effect of different refrigerant properties at different condenser temperature on (a) Pressure ratio, (b) 

Mass Flow-rate, (c) Work done, (d) Coefficient of performance, and (e) Volumetric cooling capacity 

 

The coefficient of performance of refrigerants with respect to condenser temperature is shown in Fig. 2(c). 

It is noted that the COP decreases with increase in condenser temperature. The decreasing trend of COP of 

refrigerants is in the order of R152a, R290, R134a, R600a, and R600. The maximum COP of refrigerants is 

observed at condenser temperature of 35 oC. There is a significant difference in COP is noticed between R134a 

and R152a about 2.   

Fig. 2(e) shows the volumetric cooling capacity of refrigerants at different condenser temperatures. It is 

noted that R290 exhibits the highest VCC as compared to other refrigerants. The refrigerant R134a has higher 

value of VCC than R152a at the condensing temperatures of 35 °C, 40 °C and 45 °C with a percentage of 10, 8.6 

and 7, respectively. At a temperature of 55 °C the deviation is only 3%, which implies that R152a is a good 

substitute for R134a. 
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From the above results, it is inferred that R152 with lager COP and lesser mass flow rate could be a 

substitute for R134a. Further, it is investigated with the effect of refrigerant properties at different evaporating 

temperatures on performance characteristics to check the feasibility of substituting R152a in place of R134a.       

 

Effect of different refrigerant properties at different evaporating temperatures on pressure ratio, mass flow rate, 

work done, COP and VCC of different refrigerants: 

Fig. 3(a-e) shows the performance characteristics of different refrigerants such as R134a, R1234ze, R152a, 

R600, R600a, and R290 simulated at different evaporating temperature from -25 °C to 0 °C at 50 °C condenser 

temperature. Fig. 3(a) shows pressure ratio trend of refrigerants at different evaporator temperatures.  It is 

observed that the pressure ratio decreases with increase with the evaporator temperature. The trend of maximum 

and minimum pressure ratio is noted with R600 and R290, respectively. The decreasing trend of pressure ratio 

of refrigerants is in the order of R600, R1234ze, R134a, R152a, R600a, and R600. The decrease in the pressure 

ratio results increase in volumetric efficiency of the compressor. 

The mass flow rate of refrigerants at different evaporator temperatures is shown in Fig. 3(b). Maximum 

mass flow rate is observed with R134a as compared to other refrigerants. The mass flow rate of refrigerants 

increases slightly with increase in evaporator temperature. The mass flow rate determines the work required for 

compression. The increasing trend of mass flow rate of refrigerants is in the order of R600, R600a, R152a, 

R290, R1234ze, and R134a. 

Fig. 3(c) shows the trend of work done by the refrigerants at different evaporator temperatures. The work 

done by the refrigerants decreases with increase in the evaporator temperature even though there is an increasing 

trend in mass flow rate. This is due to the decrease in the pressure ratio. The trend maximum and minimum 

work done is observed with R134a and R290, respectively. It is clear that the work done is the function of both 

mass flow rate and the pressure ratio.    

Coefficient of performance of refrigerants at different evaporator temperatures is shown in Fig. 3(d). It is 

noted that the COP increases with increase in evaporator temperature. The increasing trend of COP of 

refrigerants is in the order of R290, R152a, R134a, R600a, R1234ze, and R600. But there is not much difference 

in COP between R290 and R152a. R152a exhibits larger value of COP and it could be suitable for substituting 

R134a. 

Fig. 3(e) presents the trend of volumetric cooling capacity of refrigerants at different evaporator 

temperatures. It is noticed that the VCC of the refrigerants increases with the increase in the evaporator 

temperature. The increasing trend of VCC of refrigerants is in the order of R600, R600a, R1234ze, R152a, 

R134a, and R290. The trend of maximum and minimum VCC is noted with R600 and R290, respectively. The 

trend of VCC of R152a is closer to R134a. The VCC of other refrigerants deviates to a higher value, so these 

refrigerants are not recommended for the replacement for R134a for the existing system without any 

modification.   
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Fig. 3: Effect of different refrigerant properties at different evaporator temperature on (a) Pressure ratio, (b) 

Mass Flow-rate, (c) Work done, (d) Coefficient of performance, and (e) Volumetric cooling capacity 

 

Conclusions: 

A theoretical evaluation of performance characteristics of different refrigerants was carried out to check the 

alternative to the refrigerant R134a. Possible refrigerants like R600, R1234ze, R152a, R600a, and R600 were 

assessed and compared for using in VCR system of automobile air-conditioning system. The following 

conclusions are drawn from the present investigation. 

o In comparison of the performance characteristics like coefficient of performance and volumetric 

cooling capacity, it is found that the refrigerant R152a is well suited for substituting in place of R134a in the 

automobile air-conditioning system.   

o In comparison of R152a, R600, R600a, R1234ze and R290, the refrigerants such as R152a, R600, and 

R600a exhibit negligible GWP compared to R134a. Again R152a is found to be well suited long-term 

alternative option in place of R134a, but flammability of R152a needs to be addressed properly. 

o R600a and R600 offer many favorable characteristics like low operating pressure, mass flow rate, and 

discharge temperature, and moderate COP and specific volume, but it requires a change compressor design. 

o R152a shows VCC as same as R134a with the effect of both condenser and evaporator temperature. 
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Nomenclatures 

Keywords  

C Clearance ratio 

h Enthalpy 

m Mass flow rate 

COP Coefficient of performance 

VCC Volumetric cooling capacity 

v Specific volume 

n Polytrophic index  

ηvol Volumetric efficiency 

Pr Pressure ratio 

Vc Clearance volume 

Vst Stroke volume 

W comp Compressor Work 

Q Evap Heat removed in evaporator 

Q Cond Heat removed in condenser 

N Compressor speed 

P Cond Condenser pressure 

P Evap Evaporator pressure 

ηiso Isentropic Efficiency 

ODP Ozone Depletion Potential 

GWP Global Warming Potential 

T Temperature  

P Pressure  

  

 


