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ABSTRACT 
This work deals with performance evaluation of mixtures of hydro carbon refrigerants in a domestic refrigeration system in order 

to replace the existing HFC-R134a refrigerant. Hydro carbon refrigerant mixtures of isobutene (R600a), propylene (R1270) and 

propane (R290) was considered in five different mixing proportions. Analysis was done by writing a simulation program based on 

the steady state mathematical models of the VCR system. The evaluated parameters are evaporator pressure, pressure ratio, 

isentropic compression work, refrigeration effect, power consumption, volumetric refrigeration capacity, COP of heating and COP 

of cooling. The results indicates that refrigerant blends of R600a/R1270/R290 (20/70/10 by wt.%) and R600a/R1270/R290 

(20/60/20 by wt.%) have better performance characteristics than HFC-R134a. 

 

KEYWORDS: Hydro carbon refrigerant, Simulation program, Isobutene, Propylene, Propane, HFC-R134a.  
 
 

INTRODUCTION 
 
 The CFC and HCFC refrigerants used widely in air conditioning and refrigeration systems have high ozone 
depletion potential (ODP) and global warming potential (GWP).This contributes to ozone layer depletion and 
global warming. The HFC refrigerants such as R134a and R152a with zero ODP have been used to replace CFC 
and HCFC refrigerant as a long-term alternative. However, while the ODP of R134a relative to CFC-11 is very 
low, the global GWP is very high (GWP=1430).Due to this the application and manufacturing of R134a will be 
stopped in the near future. This led to the need of a new alternative refrigerant which has better performance 
characteristics and reduced environmental effects. Many experiments have been conducted for finding the best 
alternative refrigerant.  
 Jung et al. [1] performed a computer simulation of single evaporator domestic refrigerators charged with 
many pure and mixed refrigerants. The investigation was carried out to find a suitable alternative for R-
12.James et al. [2] investigated the applications of R290 in domestic refrigerators. Parameters such as 
compressor lubrication, Power consumption, availability, costs, safety and environmental factors were 
considered for the investigation. The analysis showed that propane was a suitable alternative to CFC 
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12.Richardson et al. [3] conducted experiments to study the performance of a vapour compression system 
working with hydrocarbon refrigerants. The obtained results indicated that propane/isobutane mixtures and 
propane can be used in an unmodified system and gives better performance than R-12.Jung et al. [4] 
investigated the performance of propane/isobutene refrigerant mixture in domestic refrigeration system. As per 
their thermodynamic cycle and experimental analysis, the propane/isobutane mixture with 0.2 to 0.6 mass 
fractions of propane yields better energy conservation characteristics when compared to R-12.Hammad et al. [5] 
evaluated the performance of a domestic refrigerator using four ratios of HC refrigerant blends in order to find 
an alternative for CFC-12. Hydrocarbon mixture with 50% propane, 38.3% butane and 11.7% isobutane was 
found to be the best alternative refrigerant among the four refrigerant mixtures investigated. 
 Wongwises et al. [6] performed an experimental investigation on a domestic refrigerator using refrigerant 
mixtures consisting of propane, butane, and isobutane to replace the existing HFC134a refrigerant. They 
concluded that a refrigerant blend of 60% propane and 40% butane is the most suitable alternative 
refrigerant.Wongwises et al. [7] conducted an investigation on an automotive air conditioner to replace 
HFC134a with mixtures of propane, butane and isobutane. As per the results among all the hydrocarbon 
mixtures, 50% propane, 40% butane and 10% of isobutene has the best performance. Han et al. [8] considered a 
new non-azeotropic mixture of R32/R125/R161 as an alternative to R407C.Based on a theoretical study they 
conducted an experimental analysis on a Vapour compression system using rotor compressor. It was found that 
he Pressure ratio and power consumption of the new refrigerant were lower where as the COP and refrigerating 
capacity were higher than R407C.Park et al. [9] experimented residential air-conditioners and heat pumps with 
two pure hydrocarbons refrigerants and seven mixtures composed of propane, propylene, dimethylether and 
HFC152a as a suitable replacement to HCFC22.The proposed fluids gave better performances with considerable 
energy savings without environmental effects problem when compared to HCFC22. 

K.Mani et al. [10] studied the application of Propane/Isobutane refrigerant mixture as a drop in replacement 
in a vapour-compression refrigeration system and compared it with HFC134a and CFC12. Their results 
concluded that R290/R600a (68/32 by wt.%) mixture can be used as a suitable drop-in replacement refrigerant 
for HFC134a and CFC12.Dalkilic et al. [11] theoretically tested a vapour-compression refrigeration system with 
refrigerant mixtures based on HFC152a, HC600, HC600a, HFC134a, HC290, HC1270 and HFC32.They 
compared the results with CFC12, CFC22 and HFC134a for finding possible alternative refrigerants. According 
to their results CFC12 can be replaced with the refrigerant mixture HC290/HC600a (40/ 60 by wt.%) and 
CFC12 can be replaced with HC290/HC1270 (20/80 by wt.%) among the refrigerant blends tested. D.Sendil 
Kumar et al. [12] investigated the use of R152a/R134a mixture in domestic refrigerators and refrigeration 
system experimentally to find an appropriate replacement for R134a.They concluded that the proposed HC 
refrigerant mixture can be used as an alternative to R134a refrigerant. 
 The main objective of this work is to write simulation program for a vapour compression refrigeration 
system in order simulate its steady state behavior. The program will be used to find a new hydro carbon 
refrigerant mixture as a suitable alternative to R134a refrigerant, with improved performance and reduced 
environmental effects. Refrigeration mixtures consisting of three different refrigerants in varying ratios as an 
alternative to R134a refrigerant will be considered for the analysis. 
 
Theoretical Analysis: 
 Generally, simple vapour compression refrigeration system consists of four components such as compressor, 
condenser, expansion valve and evaporator. T-s and p-h diagram of simple vapour compression refrigeration 
system is shown in fig 1 respectively. It consists of the following four processes: 
 (1-2) Compressing refrigerant in compressor isentropically, 
 (2-3) Condensation at constant pressure, 
 (3-4) Adiabatic expansion in the expansion valve, 
 (4-1) Evaporation at constant pressure.  
 
 The work required to compressor is calculated as follows: 
 
 For isentropic compression,  
 
WC = m (h2-h1)                (1)  
  
 For non-isentropic compression,  

WC = 
(������)

ƞ�

               (2)  

 
 Heat rejection in condenser is calculated as follows: 
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QC = m (h2-h3)               (3) 
 
 Heat addition in evaporator is calculated as follows: 
 
Qe = m (h1-h4)                (4) 
 

 
 
Fig. 1: p-h and T-s diagram of vapour compression refrigeration system. 
  
 Mass flow rate of refrigerant is expressed as follows: 
 

m =  
	


�

                 (5) 

 
 Where, Q0 is refrigerant capacity and q0 is refrigerating effect. 
 
Refrigerating Effect (q0) = (h1- h4)              (6)  
 
 Theoretical Piston displacement of Compressor is given by 
 
VP = mϑ1                (7)  
 
 Actual Piston displacement of compressor is calculated as follows: 
 

VP = 
��

��
                (8)  

 Where, ϑ1 is specific volume at inlet of compressor and ƞv is the volumetric efficiency 
 
 The performance of vapour compression refrigeration system can be measured in terms of coefficient of 
performance (COP), which is expressed as follows: 
 

COP = 
������������� ������

��������
 

 

COP for Cooling = = 
(���� )

(�����)
              (9)  

  

COP for Heating = 
(����!)

(�����)
            (10)  

 
 In the vapour compression refrigeration system the volumetric refrigerating capacity is given as 
 
 VRC = ρ1.Refrigerating Effect            (11)  
  
Methodology: 
 The various thermo physical properties of the chosen refrigerants were calculated and tabulated. The 
refrigerant mixtures were taken in five different mass ratios and their corresponding properties were calculated. 
Then simulation program was written based on the mathematical formulae of vapour compression refrigeration 
system and making use of the refrigerant properties table. The programming language used for writing the 
simulation program was Visual Basic .NET. Visual Basic .NET (VB.NET) is a multi-paradigm, object oriented 
programming language .The tool used for supporting the Programming language was Microsoft Visual Studio. 
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Graphs were finally plotted using the results obtained from the analysis corresponding to R134a and five 
refrigerant mixtures. 
 

RESULTS AND DISCUSSION 
 
 The dependency on the composition of refrigerant mixtures makes the pressure-temperature relationship in 
the cycle significant for the condenser and evaporators. Cycle performance is affected by the pressure alterations 
while the ratios of the blend vary at the given temperature. For that reason, the proportions of the components in 
the mixture are one of the significant factors in the cycle. For comparison of the analyzed data R134a is chosen. 
The analysis of variation of physical properties of pure and blend refrigerants such as evaporator 
pressure(Pevap),pressure ratio, isentropic compression work (W), refrigeration effect (RE), power consumption 
(P), volumetric refrigeration capacity (VCR), coefficient of performance of heating (COPh) and coefficient of 
performance of cooling (COPC). 
  

 
 
Fig. 8.1: Evaporator pressure vs. Evaporator temperature. 
 
 Fig.8.1 shows the variation of evaporator pressure with respect to change in evaporator temperature for the 
refrigerant R134a and the alternative refrigerant mixture considered for this analysis, which is 
R600a/R1270/R290 in five different proportions. As the evaporator temperature increases the evaporator 
pressure also increases. When compared to R134a, two of the refrigerant mixtures in the proportions 20/70/10 
by wt.% and 20/60/20 by wt.% have higher evaporator pressure. Other three proportions namely 
R600a/R1270/R290 (40/40/20 by wt.%), R600a/R1270/R290 (40/50/10 by wt.%) and R600a/R1270/R290 
(50/30/20 by wt.%) when compared to R134a,their evaporator pressure is not greater. 
 

 
 
Fig. 8.2: Pressure ratio vs. Evaporator temperature. 
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 Fig.8.2 shows the variation of pressure ratio with respect to change in evaporator temperature for the 
refrigerant R134a and the alternative refrigerant mixture considered for this analysis, which is 
R600a/R1270/R290 in five different proportions. Here as the evaporator temperature increases the pressure ratio 
decreases. The pressure ration of all the five refrigerant mixtures in the proportions R600a/R1270/R290 
(20/70/10 by wt.%) , R600a/R1270/R290 (20/60/20 by wt.%),R600a/R1270/R290 (40/40/20 by wt.%), 
R600a/R1270/R290 (40/50/10 by wt.%) and R600a/R1270/R290 (50/30/20 by wt.%) when compared to the 
pure refrigerant R134a, is less. 
 

 
 
Fig. 8.3: Isentropic compression work vs. Evaporator temperature. 
 
 Fig.8.3 shows the variation of isentropic compression work with respect to change in evaporator 
temperature. The isentropic compression work decreases with increasing evaporator temperature for the constant 
condenser temperature of 450C and the evaporation temperature ranging from -150C to 150C.Apart from the 
refrigerant mixtures R600a/R1270/R290 (20/70/10) and R600a/R1270/R290 (20/60/20),other tested refrigerant 
mixtures have much higher isentropic compression work than the refrigerant R134a. 
 

 
 
Fig. 8.4: Refrigeration effect vs. Evaporator temperature. 
 
 Fig.8.4 shows the variation of refrigeration effect with respect to change in evaporator temperature. The 
refrigeration effect increases with increasing evaporator temperature for the constant condenser temperature of 
450C and the evaporation temperature ranging from -150C to 150C.When compared to the HFC refrigerant 
R134a,the mixture of HC refrigerants R600a,R1270 and R290 in all of the selected proportions have much 
higher refrigeration effect. 
 Fig.8.5 shows that the power consumption of the compressor decreases with increasing evaporator 
temperature at a constant condenser temperature of 450C and the evaporation temperature ranging from -150C to 
150C. When the analysis was done using the mixture of HC refrigerants R600a, R1270 and R290 in the 
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proportions of 20/70/10 by wt.% and 20/60/20 by wt.%, the results from the tests show that they consumed less 
power when compared to R134a.Other three proportions namely R600a/R1270/R290 (40/40/20), 
R600a/R1270/R290 (40/50/10 ) and R600a/R1270/R290 (50/30/20) resulted in more power consumption than 
R134a. 
 

 
 
Fig. 8.5: Power consumption vs. Evaporator temperature. 
 

 
 
Fig. 8.6: Volumetric refrigeration capacity vs. Evaporator temperature. 
 
 Fig.8.6 shows that the volumetric refrigeration capacity increases with increasing evaporator temperature at 
a constant condenser temperature of 450C.When compared to R134a, two of the refrigerant mixtures in the 
proportions 20/70/10 by wt.% and 20/60/20 by wt.% have higher volumetric refrigeration capacity. Other three 
proportions namely R600a/R1270/R290 (40/40/20), R600a/R1270/R290 (40/50/10) and R600a/R1270/R290 
(50/30/20) when compared to R134a have lesser volumetric refrigeration capacity values. 
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Fig. 8.7: Coefficient of performance of heating vs. Evaporator temperature. 
 The variation of coefficient of performance of heating with evaporator temperature (Tevap) is illustrates in 
Fig.8.7.From this figure it can be seen that the coefficient of performance of heating increases as the evaporator 
temperature increases at a constant condenser temperature of 450C and evaporation temperature ranging from -
150C to 150C. Out of the five different mixing proportions of R600a, R1270 and R290, two proportions namely 
R600a/R1270/R290 (20/70/10) and R600a/R1270/R290 (20/60/20) have higher values of coefficient of 
performance of heating when compared to the refrigerant R134a.The remaining three mixing proportions of 
R600a/R1270/R290 are found to have lower values of coefficient of performance of heating when compared to 
the pure refrigerant R134a. 
 

 
 
Fig. 8.8: Coefficient of performance of cooling vs. Evaporator temperature. 
 
 The variation of coefficient of performance of cooling or the COP of the system with evaporator 
temperature (Tevap) is illustrates in Fig.8.8.From this figure it can be seen that the coefficient of performance of 
heating increases as the evaporator temperature increases at a constant condenser temperature of 450C and 
evaporation temperature ranging from -150C to 150C. Out of the five different mixing proportions of R600a, 
R1270 and R290, two proportions namely R600a/R1270/R290 (20/70/10) and R600a/R1270/R290 (20/60/20) 
have higher values of coefficient of performance when compared to the refrigerant R134a.The remaining three 
mixing proportions of R600a/R1270/R290 are found to have lower values of coefficient of performance when 
compared to the pure refrigerant R134a. 
 
Conclusion: 
 In this study, an ideal vapour compression refrigeration system was considered and a simulation program 
based on it’s the mathematical formulae was written. The simulation program was used for the performance 
analysis of alternative refrigerant mixtures as substitute to the HFC refrigerant R134a. The major findings 
contained in this work are as follows: 
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 The refrigeration effect (RE) and coefficient of performance of heating (COPh) and coefficient of 
performance of the system (COPC) increases with increasing evaporator temperature for a constant condensing 
temperature. 
 Similarly the evaporator pressure (Tevap) and volumetric refrigeration capacity increases with increasing 
evaporator temperature. 
 The isentropic compressor work (W), pressure ratio and the power consumption decreases with increasing 
evaporator temperature in the range of -150C to 150C for a constant condenser temperature. 
 Considering the comparison of coefficients of performance of heating, coefficients of performance of 
system and pressure ratios of the tested different proportions HC refrigerants mixtures and also the main 
environmental impacts of ozone layer depletion and global warming potential, refrigerant blends of 
R600a/R1270/R290 (20/70/10 by wt.%) and R600a/R1270/R290 (20/60/20 by wt.%) are found to be most 
suitable alternatives among the considered refrigerants mixing proportions tested for R134a. 
 The remaining three HC refrigerant blends of R600a/R1270/R290 (40/40/20 by wt.%), R600a/R1270/R290 
(40/50/10 by wt.%) and R600a/R1270/R290 (50/30/20 by wt.%) are found to be inferior when tested for R134a 
as a possible alternative. 
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