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Abstract :  The automotive industry is currently using R134a as the refrigerant. It was introduced as a replacement of R12 as it 

had no chlorine content, and so did not harm the ozone layer. However, it has a very high global warming potential. Efforts to 

reduce green house gas emissions, guided by Kyoto Protocol have led to search for an alternative refrigerant. The various possible 

alternatives that have been researched so far have been discussed here and keeping in mind the requirements of environmental 

concern and performance of automobile AC system R1234yf and R436a were selected for our analysis.The thermodynamic system 

level performance was tested using EES and REFPROP software. The results indicated that R1234yf and R436a can match the 

performance of R134a by additional superheating and subcooling. Further, the vehicle level testing of R1234yf was done at Subros 

in their wind tunnel lab. Vehicle Cool down test was conducted and the results showed that with R1234yf as refrigerant the minimum 

temperature that could be reached was about 2̄C higher than with R134a. But the suction pressure was higher and discharge 

pressure was lower, which was beneficial. Thus, it was concluded that considering the advantages as well as current implementation 

issues both are feasible replacement options. 
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I. INTRODUCTION 

The automobile air conditioning system works on vapour 

compression refrigeration cycle. Currently tetraflouroethane, 

R134a is being used as the refrigerant. R134a replaced R12 

in late 1995 due to concerns over R12's effect on the ozone 

layer. But because of its high global warming potential, 1, 1, 

1, 2-tetrafluoroethane has to be replaced soon, starting with 

cars in 2011 and phasing out completely by 2017. 

Tetrafluoroethane (R134a) is a hydrofluorocarbon or HFC 

compound, comprising of two atoms of carbon, two atoms of 

hydrogen and four atoms of fluorine. Its chemical formula is 

CF3CH2F. It is used primarily as a refrigerant for domestic 

refrigeration 

and automobile air conditioner. R134a has no chlorine 

content and hence zero ozone depletion potential (ODP=0). 

 

Refrigerant properties 

Irrespective of the size and efficiency of the individual 

parts in the vapour compression circuit, a good refrigerant 

is one, ensuring the highest overall effectiveness of the 

system. Required Properties of Ideal Refrigerant: 

1)  Low boiling point and Low freezing point. 

2)  Low specific heat and High latent heat. 

3)  High critical pressure and temperature 

4) Low specific volume to reduce the size of the 

compressor. 

5)  High thermal conductivity to compact evaporator and 

condenser. 

6) Non-flammable, non-explosive, non-toxic and non-

corrosive. 

7)  High miscibility with lubricating oil 

8)  High COP in the working temperature range. 

9)  Compatible with legal requirement 

10) Availability and cost 

 

Environmental concerns 

There are two major areas of concern of environmental 

concern[1].  

1. Depletion of ozone layer - Ozone layer protects the 

earth from ultraviolet rays.The ozone depletion 

potential (ODP) of a chemical compound is the 

relative amount of degradation to the ozone layer it 

can cause, with reference to trichlorofluoromethane 

(CFC-11) being fixed at an ODP of 1.0. 

2. Global warming - Global warming is the increase in 

global earth surface temperature due to the 

absorption of infrared emission from earth surface. 

Global warming potential (GWP) is evaluated on a 

scale that uses CO2 as the bench mark i.e. CO2 has 

been assigned a value of GWP=1 and other 

components are 

compared to it. 
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According to the Montreal Protocol 1987 [2], developing 

countries like India, with a per capita consumption of less 

than 0.3 kg of ozone depleting substances have been 

categorized as articleð5 countries. These countries are 

required to phase out all chlorofluorocarbons (CFC) by 2010. 

R12 has been replaced with R134a due to its zero ozone 

depletion potential (ODP). In India, more than 80% of the 

refrigerators are working with R134a as refrigerant due to its 

material compatibility and safety in small capacity 

refrigeration units. 

 

However, the problem with R134a is that, it has a Global 

Warming Potential (GWP) of 1300 with respect to Carbon 

Dioxide. The Kyoto protocol [1] aims at phasing out of 

substances that will lead to global warming. The increased 

emission of R134a to the atmosphere are steadily increasing 

the concentration of green house gases via leaks and mostly, 

in an indirect way. Due to the above limitations, R134a 

should be phased out soon 

 

Generations of Refrigerants 

Either or all of the 4 listed requirements are demanding 

the invention of new generation refrigerants one after 

another [3]. 

 

¶ Zero ozone depletion potential (ODP) 

¶ Low global warming potential (GWP) 

¶ Short atmospheric lifetime 

¶ High efficiency 

 

The four generations included slightly overlapping periods as 

given below: 

 
Figure 1.1 Generations of Refrigerants 

 

Possible replacements of  R134a 

 

The possible replacements for R134a are natural 

refrigerants like carbon dioxide and ammonia, pure 

hydrocarbons such as R600a and R600, binary and 

ternary hydrocarbon mixtures, HFC refrigerant (R152a), 

and hydrofluoroolefins (HFOs, e.g. R1234yf) 

 

Table 1.1 

 
 

This paper mainly focuses on the following replacements of 

R134a 

1) HFO-1234yf - The Society of Automotive Engineers 

(SAE) has proposed 1, 1, 1, 2-tetrafluoroethane (HFC-

134a) to be best replaced by a new refrigerant HFO-

1234yf (CF3CFCH2) in automobile air-conditioning 

systems. It is being promoted as a possible drop-in 

replacement for R-134a in both new vehicles and older 

vehicles, should that become necessary in the future. It 

has thermal characteristics that are very similar to R-

134a,so no major modifications to the A/C system are 

necessary. Also, it has a global warming potential of 

only 4, compared to 1300 for R-134a It would be easy to 

change to this substance as the existing refrigeration 

system can be used with no or very simple changes. 

However, it will be more expensive. 

2) R436a - R436a is a blend of two hydrocarbons, propane 

(R-290) and isobutane (R-600a) in the ratio of 56:44 

percent by weight. The various features on account of 

which it can be considered as a suitable replacement are 

that it is safe and environment protective. It does not 

deplete the ozone layer (ODP=0) and nearly zero GWP 

(less than 3), hence causes negligible greenhouse effect. 

Since it has similar thermal performance to that of R-

134a, it is compatible with it. It can be used as a drop-in 

alternative refrigerant for HFC-134a refrigerating 

systems without changing the compressor, heat 

exchanger or lubricating oil. Also, it has 50% reduction 

of charging amount with the same refrigerating system, 

making it more economical. 

Comparison Of Properties Of R1234yf And R436a With 

R134a 

Table1.2 Critical properties of R134a, R1234yf and R436A 
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Table1.3 Critical properties of R134a, R1234yf and R436A 

 

 

From Table 1.3 we observe that the latent heat of R1234yf is 

17.8% lower than R134a, which means its performance 

compared to R134a would be lower, as higher the latent heat, 

higher is the cooling effect it can produce. Also, its vapour 

density is 22.2 % higher, which means vapour of R1234yf is 

heavier, this has implications on container storage and safety. 

Whereas latent heat of R436A is 85% higher, which suggests 

it can prove to be a good alternative as it can produce same 

amount of cooling as R134a but with lesser quantity of 

refrigerant. The vapour density of R436A is also 56.01% 

lower than R134a. 

RESULTS &  DISCUSSIONS 

 

Assumptions 

A computational model was developed for arrying out the 

energetic and exergetic analysis of the system using 

engineering equation solver software. The properties of 

pure and mixture refrigerants have been obtained from 

refprop software version 9.0. The input parameters as per 

discussion with r&d team of subros limited are as 

follows: 

¶ Condenser exit temperature T3=57.7 C 

¶ Evaporator exit temperature T1=0.3 C 

¶ Degree of superheating in evaporator =10 C 

¶ Degree of Sub-cooling in condenser=5 C 

¶ Isentropic efficiency of compressor=70% 

¶ Volumetric efficiency of compressor= 65% 

¶ Compressor displacement=0.004613 m
3
/s 

 

Thermodynamic Results 

The comparative performance is evaluated for condenser 

temperatures varying between 52.7C and 62.7 C, and 

the evaporator temperature is varied between -4.3 C and 

6.3 C.the cop at 57.7 C condenser temperature and 

0.3 C evaporator temperature for R1234yf is 2.084 and 

that for R436a is found to be 2.0345 while that for R134a 

at same temperature conditions is 2.30234 as shown in 

Table 2.2 

Table 2.2 Comparative results of R1234yf, R436A and R134a at 
T1=0.3 C and T3=57.7 C 

 
 
Table 2.3 Comparative results of exergy analysis of R1234yf, R436A and 

R134a at T1=0.3̄ C and T3=57.7̄ C 

 
 

1)  Quality Of Vapour At Inlet To Evaporator 
 

Quality of vapour refers to the fraction of vapour in the 

refrigerant entering the evaporator. When refrigerant 

enters the evaporator from expansion valve, it is a 

mixture of liquid and vapour phase. Out of these, only 

the liquid portion contributes to the cooling effect. Thus, 

it is desirable to have low quantity of vapour and more of 

liquid to achieve higher cooling in evaporator. Higher 

the portion of liquid higher is the cooling effect 

 
Figure 2.6 Variation of fraction of vapour with evaporator temperature 

 

From Figure 2.6 it is observed that as evaporator exit 

temperature is increased the quality of refrigerant 

decreases for all three refrigerants. However, the quality is 

maximum for R1234yf and least for R436A. Thus, we can 

conclude that superheating in evaporator could be 

beneficial. 
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Figure 2.7 Variation of fraction of vapour with condenser temperature 

 

Figure 2.7 shows the variation of quality of refrigerant at 

entry to evaporator with condenser temperature. It is seen 

that quality increases with increase in condenser exit 

temperature for all the refrigerants. Also, R1234yf has 

highest fraction of vapour while R436A has least amount 

of vapour. Thus, R436A is showing favourable behaviour. 

 

2) Effect Of Variation Of Evaporator Temperature 

 

Comparative performance of R134a, R1234yf and 

R436A was evaluated. The evaporator temperature was 

varied between -4.7̄ C to 6.3 ̄ C. It was found that the 

general trend is that COP increases with increase in 

evaporator temperature.  

Figure 2.8  depicts that COP is maximum for R134a and 

that of R1234yf and R436A is relatively less. 

 

 
Figure 2.8 Variation of COP with evaporator temperature 

 

Figure 2.9  depicts the variation of exergetic efficiency 

with evaporator temperature.Though it increases with 

increase in evaporator temperature, the value is maximum 

for R134a, followed by R1234yf and R436A has the least 

value 

 
Figure 2.9 Variation of exergetic efficiency with evaporator temperature 

 

Figure 2.10  shows the variation of exergy destruction 

ratio with evaporator temperature. As evaporator 

temperature increases, EDR decreases. The exergy 

destruction is maximum with R436A, while that of 

R1234yf is slightly lower. Yet R134a has least value EDR 

at all values of evaporator temperature. 

 

 
Figure 2.10 Variation of EDR with evaporator temperature 

 

3) Effect Of Variation Of Condenser Temperature 

 

As the condenser temperature increases the COP decreases 

for all the three refrigerants, as shown in Figure 2.11. 

 
Figure 2.11 Effect of variation of condenser temperature on COP 

 

From Figure 2.12  it is found that as condenser 

temperature is increased the exergetic efficiency decreases 
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for the three refrigerant. R134a has maximum exergetic 

efficiency at any temperature. R1234yf has slightly better 

performance than R436A till condenser temperature of 

57.7̄ C beyond which R436A has better exergetic 

efficiency. 

 
Figure 2.12 Effect of variation of condenser temperature on exergetic 

efficiency 

 

From Figure 2.13 we can observe that as condenser 

temperature increases, EDR also increases. R134a has 

lowest exergy destruction ratio, which means it gives most 

desirable performance among the three. However R1234yf 

and R436A have nearly similar values of EDR in the given 

range of condenser temperature. EDR in R1234yf is 

initially less but beyond 58.7̄C, R436A has relatively 

lower EDR. 

 
Figure 2.13 Effect of variation of condenser temperature on EDR 

 

4) Effect Of Superheating 

 

Degree of superheat is the amount by which the 

temperature of a superheated vapour exceeds the 

temperature of the saturated vapour at the same pressure. 

The effect of superheating inside evaporator is to increase 

the refrigerating effect and hence would give a high value 

of COP. Thus, superheating inside evaporator is desirable. 

However,if superheating takes place in suction line, it does 

not contribute to the refrigerating effect and increases the 

temperature at inlet to compressor, which is not desirable. 

 
Figure 2.14 Effect of superheating on COP 

 

As evident from Figure 2.14 COP improves with 

superheating. However, the rate of increase in COP is 

higher in R1234yf as compared to R134a and R436A. This 

is due to greater increase in compressor work relative to 

the increase in refrigerating effect in R436A and R134a. 

 
Figure 2.15: Effect of superheating on exergetic efficiency 

 

Figure 2.15 shows that  exergetic efficiency improves 

with superheating of the refrigerant in evaporator. Though 

R134a has maximum value of exergetic efficiency all 

temperatures, the rate of increase is highest for R1234yf. 

 
Figure 2.16: Effect of superheating on EDR 

 

From Figure 2.16 it can be observed that exergy 

destruction decreases with superheating. Again, the rate of 

decrease is maximum for R1234yf 

Thus, we infer from these results that overall 

superheating in evaporator is beneficial to performance of 
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the system. It can help in obtaining the same performance 

as R134a with R1234yf and R436A in automotive AC 

system 

 

5) Effect Of Sub-Cooling 

The term sub-cooling refers to a liquid existing at a 

temperature below its normal saturation temperature. The 

effect of sub-cooling is to increase the refrigerating effect. 

Thus, sub-cooling results in increase of COP provided that 

no further energy has to be spent to obtain extra cold 

coolant required. Sub-cooling may take place in heat 

exchangers or outside them 

 
Figure 2.17: Effect of sub-cooling on COP 

 

As is evident from Figure 2.17, COP increases with 

increasing degree of sub-cool for R134a, R1234yf and 

R436A. The rate of increase in COP is maximum in case 

of R1234yf. Thus, we conclude that subcooling is 

beneficial in a VCR cycle with any refrigerant but with 

R1234yf the improvement is maximum. 

 
Figure 2.18: Effect of sub-cooling on exergetic efficiency 

 

From Figure 2.18 it is found that sub-cooling improves the 

exergetic efficiency with all the refrigerants. However, the 

increase is more with R1234yf than with R436A. 

From figure 2.19 it is evident that exergy destruction ratio 

decreases with increase in degree of sub-cool. thus, we 

conclude that by increasing the degree of sub-cool, the 

performance of r1234yf and r436a can approach that of 

r134a in automotive air conditioning system 

 
Figure 4.18: Effect of sub-cooling on EDR 

CONCLUSION 

The thermodynamic analysis of R1234yf indicates that 

the COP and exergetic efficiency decreases. However, the 

system can be modified to match the performance of 

R134a by introducing an additional internal heat 

exchanger. Increasing the amount of superheat and 

subcool can enhance the cooling capacity of the system. 

Thus it can be used in place of R134a by certain 

modifications in the system. It was also found that the 

system should be operated at highest possible evaporator 

temperature and lowest possible condenser temperature 

for producing the desired cooling, to achieve maximum 

COP and exergetic efficiency of the system. 
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