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Abstract: This work presents the exergy performance of new environmentally 

friendly refrigerants 1,1-difluoroethane (R152a) , 1,1,1,3,3-Pentafluorbutane 

(R365mfc) and particularly their mixture. A vapor compression refrigeration cycle 

was simulated to see the performance of a single stage cycle at different conditions. 

A comparative study including a wide range of effective parameters was done. The 

exergy destruction technique as a new factor for the design of the vapor 

compression refrigeration cycles was implemented. R365mfc has achieved higher 

Coefficient of Performance (COP). Furthermore an exergy analysis was employed 

for every component and for the whole cycle. Among all, the mixtures of R152a and 

R365mfc have provided higher exergy destruction, power consumption, cooling and 

heating capacity as compared with the pure fluids. 

Keywords- R152a, R365mfc, Mixture, Exergy Destruction, COP, Refrigeration 

Cycle. 

 

 

I. INTRODUCTION 

The last two decades have witnessed a significant increase of the harmful materials of Chlorofluorocarbons 

(CFCs) and Hydro- chlorofluorocarbons (HCFCs) based refrigerants in the atmosphere. These materials have been 

widely used as solvents, foam blowing agents, aerosols and especially as refrigerants due to their preeminent properties 

such as stability, non-toxicity, non- flammability and availability. However, these substances have a harmful effect on 

the earth’s protective ozone layer. Since the declaration of the Montreal protocol in 1987 the use of these substances is 

consequently regulated [1]. Moreover the CFCs had been detected as substances contributing to global warming. 

Nowadays the world leading countries have legalized to stop the consumption of CFCs by replacing them with HFCs 

[3-5]. 

This paper supports more accurate energy efficient for those materials, including the pure fluids and mixtures of R152a 

and R365mfc, through the use of the exergy analysis . The R152a is a HFC type refrigerant [2. This fluid has zero ODP 

and a GWP value of 120. The boiling point temperature at a pressure of p=1.013 bar is s=–24.0°C, the molecular 

weight M=66.1 kg/kmol. R152a is a medium pressure refrigerant for the medium temperature refrigeration range [2]. 

The physical, thermodynamic and refrigeration characteristics are similar to those of the refrigerants R12 and R134a. 

Although R152a is a good refrigerant substitute for R12, it is not used in its pure form because of its flammability 

(flammability limits 3.7–21.8% by volume in air). For this reason, R152a is labeled as” highly flammable”. The 

R365mfc is a HFC type refrigerant. This fluid has zero ODP and a GWP value of 782. The boiling point temperature at 

a pressure p=1.013 bar is s=+41.4°C, the molecular weight is at M=148.07 kg/kmol. R365mfc is a new fluid which is 

mainly used for the production of rigid polyurethane foams used in insulation purposes where a liquid foaming agent 

with a low thermal conductivity and a high vapor pressure at low temperatures are needed. Regarding to 

thermodynamic properties and safety requirements, R365mfc is employed as a main component in binary blends with 

7 or 13 mass% with 1,1,1,2,3,3,3-Heptafluoropropane (R227ea) in the production of liquid foaming agents [2]. Besides 

the fact that this fluid has no negative impact on the ozone layer, further environmental benefits can be achieved using 
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R365mfc, like in the production of polyurethane foams.  

 

 
 

Fig.1. Structure of the program used for calculating the refrigeration cycle properties. 

 

 
 

Fig.4. Components and energy diagram for a single stage vapor compression refrigeration cycle. 
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All the equations above were implemented into a Matlab program. The properties were calculated through the use of the REFPROP 

[9] program. This program, developed by the National Institute of Standards and Technology (NIST) [8], calculates the 

thermodynamic and transport properties of industrially important fluids and their mixtures [10] [11]. REFPROP is an acronym for 

REFerence fluid PROPerties, this program is accompanied with the most accurate pure fluid and mixture models currently available. 

The program uses three models for the thermodynamic properties of pure fluids: equations of state explicit in Helmholtz energy, the 

modified Benedict-Webb-Rubin equation of state, or an extended corresponding states (ECS) model [11] 

 

II.RESULTS AND DISCUSSIONS 

 

Fig.5 illustrates the effect of the cold medium temperature on the coefficient of performance COP for system with different 

refrigerants. It is clearly seen that there is a big difference between the COPs for both pure fluid and the mixture of R152a and 

R365mfc. It is seen that some refrigerants are more efficient than others. A comparison results indicates that a system consisting of 

(30%R152a, 70%R365mfc) and (50%R227ea, 50%R365mfc) are about equally efficient. Also system consisting of (50%R134a, 

50%R365mfc), (80%R152a, 20%R365mfc) and (50%R152a, 50%R365mfc) are about equally efficient. Among all the refrigerants 

with reach a high COP R365mfc is followed by R152a. It is to be noted the mixture of R365mfc and R152a does not exceed the 

performance efficiency of its pure fluids. 
 

Fig.5. Variation of COP with cold medium temperature (Ambient temperature at T=298.15K). 
 

Fig.6. Hot medium temperature and superheating effect on heating capacity. 
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Fig.7. Hot medium temperature and sub-cooling effect on coefficient of performance. 

 

As shown in Fig.6 the mixture form of the refrigerants was provided a higher heating capacity compared to pure fluids which indicated 

a less capacity. Likewise, the process of cooling the refrigerant fluid below its condensing temperature at a given pressure is known 

as a sub-cooling. Sub-cooling provides 100% refrigerant liquid to enter the expansion device, preventing vapor bubbles from impeding 

the flow of refrigerant through the expansion valve and maintaining stable flow of liquid. If the sub-cooling is caused by a heat-

transfer method external to the refrigeration cycle, the refrigerant effect of the system is increased, because the sub-cooled liquid has 

less enthalpy than the saturated liquid. 
 

Fig.8. Variation of evaporator temperature with pressure ratio. 

 

Note that the performance of a simple vapor-compression refrigeration system can be significantly improved by further cooling the 

liquid refrigerant leaving the condenser coil. This sub-cooling of the liquid refrigerant can be accomplished by adding a mechanical 

sub-cooling loop in a conventional vapor-compression cycle. 
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Fig.9. Variation of overall heat transfer coefficient with heating capacity. 

 
 

 

 

Fig.13. Total exergy destruction in expansion valve. 

 
 

 

 

As verified in Fig.7 the effect of the sub-cooling show an increase on the COP for all fluids used, with R365mfc confirmed a higher 

COP rather than R152a and the mixture form which presented a lower COP. Fig.8 illustrates the variations of pressure ratio with 

varying evaporator temperature. The results show that the pressure ratio decreases with increase in the evaporator temperature. The 

trends exhibit similarity for all working fluids, a higher value observed by R365mfc followed by the mixture form and R152a 
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respectively. 
 

The pressure ratio for R365mfc is higher, that is to say heavier compressor work is required for R365mfc while the same compressor 

could be employed for the others. Comparing the overall heat transfer coefficients in the condenser as indicated in Fig.9, the mixture 

presents worst heat transfer coefficient in compared with pure fluids. The heat transfer from both heats generating equipment in the 

refrigeration cycle is always accompanied by exergy transfer. The exergy destruction of each component in the cycle was estimated. 

As shown in Fig.10 to Fig.13; the use of the mixture form of the refrigerants implied a higher exergy destruction value among all the 

components of the cycle. The simulation results verified that the greatest irreversibility occurred in the condenser and the minimum 

irreversibility is occurred in the expansion valve for most working fluids. Possible irreversibilities in the evaporator and the condenser 

occur normally due to the temperature differences between the two heat exchanger fluids, pressure losses, flow imbalances and heat 

transfer with the environment. The irreversibility in the compressor is normally occurs from mechanical–electrical losses due to 

imperfect electrical, mechanical and isentropic efficiencies and emphasize the need for careful selection of this equipment, since 

components of inferior performance can considerably reduce overall system performance. 

 

The minimum irreversibility is associated with the expansion valve possibly due to the pressure drop of the refrigerant passing through 

it. Fig.14. verified the variation of the power consumption with hot and cold medium temperatures. The illustration implied that the 

mixture form of the refrigerant requires more heat consumption to drive the cycle rather than R152a and R365mfc respectively. It is 

also observed for all working fluids, the higher is the power consumption the lower is the COP. 

 


R365mfc 148.07 460.0 3266.0 473.84 0.377 

R152a 66.051 386.41 4516.8 368.0 0.27521 


 
According to the thermodynamics properties of the working fluids, It is observed that both pure fluids have higher critical 

temperature, with R365mfc achieved a higher value than R152a. The critical temperature should be above the operating system 

temperature, if the operating temperature is above the critical temperature, it is impossible to condense the vapor by compressing it to 

high pressures. The refrigerant R365mfc achieved a higher molecular weight than R152a. The molecular weight of the refrigerant 

affects the compressor size since the specific volume of the vapor is directly related to it , the high molecular weight gives high specific 

volumes for the vapor ,which is preferred for centrifugal compressors ,whereas for reciprocating compressors a low molecular weight 

for the refrigerant is advantageous. 

 

III.CONCLUSIONS 

 

The simulation results of this work have proved that, the greatest irreversibility occurred in the condenser and the minimum 

irreversibility is occurred in the expansion valve for most working fluids. The consequences of these results were discussed in details. 

The results data also, implied that the mixture form of the refrigerant requires more heat consumption to drive the cycle, as well as 

greater exergy destruction, rather than the pure fluids R152a and R365mfc. 
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