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Abstract 

The goal of this work is to predict the performance of the compression cycle of different refrigerants. In 

compression refrigeration system, the refrigerant such as R22, R290 & R407C are considered as a refrigerant by 

mixing of these at a different mass fraction as 40%+30%+30%, 30%+40%+30%, 30%+30%+40%, 40%+20%+40%, 

40%+40%+20%  and 20%+40%+40% respectively. Experimental conditions for the condensing temperature were 

selected as 40,45&50 °C and evaporating temperature were selected 1,5 & 10°C. Various performance measures like 

COP, Volumetric Efficiency, Mass Flow Rate, Isentropic Compressor Work, Refrigeration Capacity, Compressor 

power, Compressor Outlet Temperature, Pressure Ratio & Overall Performance Index uses a several refrigerant 

mixture with the help of MATLAB-SIMLINK tool. Among these pure refrigerants and mixture of refrigerants 

group, R290 and 40%+40%+20%  has a better COP 
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1. INTRODUCTION 

Commercial chlorofluorocarbons (CFCs) are 

recognized for their severe harmful effects on the 

environment when they are released to the 

atmosphere. Specific concerns about their use of air 

conditioning and refrigeration equipment are related 

to their potential contribution to global warming and 

their depletion effect on the stratospheric ozone layer 

due to their chlorine chemical effect. Due to the fact 

that CFCs damage the ozone layer, environmental 

groups and the Montréal protocol call for halting 

CFC production.This alternative refrigerants must be 

found to replace the CFC Such alternative 

refrigerants should possess good thermodynamically 

and physical properties, comparable cost, low 

toxicity and low in flammability hydrocarbon offer 

acceptable refrigerants to the CFCs, since they 

possess good thermodynamically properties and they 

are universally available at low price. The absence of 

chlorine atoms from hydrocarbons results in zero 

ozone layer depletion potential is very low for 
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hydrocarbons, owing to their higher latent heat of 

hydrocarbons compared with that of R-22. 

2.  NEED OF ALTERNATIVE 

REFRIGERANTS    

CFC (chlorofluorocarbon) and HCFC (hydro 

chlorofluorocarbon) refrigerants as refrigerants in a 

vapor compression refrigeration system are known to 

be the principal cause of ozone depletion and 

production, global warming, and use of these 

refrigerants has hence been restricted [1]. As a result, 

a search for alternative refrigerants that fit the 

requirements in an air-conditioner or a heat pump has 

been underway. Refrigerant mixtures which are 

composed of HFC (hydro fluorocarbon) refrigerants 

having zero ODP (ozone depletion potential) are now 

being suggested as drop-in or midterm replacement. 

An air-conditioning system based on these new 

alternative refrigerants must be modified or 

redesigned because thermo physical properties of 

these alternative refrigerants differ from those of 

conventional refrigerants. In order to maintain or 

improve the performance of the cycle, the operating 

characteristics of individual components of the cycle 

should be redefined with these new alternative 

refrigerants. It has been reported that R407C is a 

close match to R22 with respect to energy efficiency.  

3. MATHEMATICAL MODELING  

The thermodynamic properties of the cyclic states 

can be determined from the equation of states of 

refrigerant. In calculating the values written with 

MATLAB-SIMLINK, the NIST routines were used 

to calculate these properties, which is an industry 

standard currently. When the property of each point 

is calculated, the equations for the cycle performance 

can be found based on the mass energy conservation. 

MATLAB (matrix laboratory) is a numerical 

computing environment and fourth generation 

programming language. Developed in Maths Works, 

MATLAB allows Matrix manipulations, plotting of 

function and data, implementation of algorithms, 

creation of user interfaces, and interfacing with 

programs written in other languages, including C, 

C++, Java and Frotran. Although MATLAB is 

intended primarily for numerical computing, on 

optional toolbox uses the MuPAD symbolic engine, 

allowing access to symbolic computing capabilities. 

An additional package, SIMLINK, adds graphical 

multi-domain simulation and Model-Based Design 

for dynamic and embedded systems.Simulink is a 

block library tool for modeling, simulating and 

analyzing dynamic systems with MATLAB Simulink 

is a graphical, “drag and drop” environment for 

building simple and complex signal and system 

dynamic simulations. It allows users to concentrate 

on the structure of the problem, rather than having to 

worry (too much) about a programming language. 

The parameters of each signal and system block is 

configured by the user (right click on the block) 

Signals and systems are simulated over a particular 

time. 

4. SIMLINK MODEL      

     

         

 

 

 

 

 

 

Figure: 1 Simlink Model of Various Refrigerants for 

Various Conditions 
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Figure: 2 Simlink Model of Subsystem 01 

 

Figure: 3 Simlink Model of Subsystem 02 

5. RESULTS AND DISCUSSIONS 

Among the six mixtures ,two mixtures having good 

performance compare with other combination were 

selected based on thermodynamic cycle simulation 

evaluation as HCFC-22 alternates. The result 

compared with unmixed refrigerants R22,R290 and 

R407C and the six mixtures.It is inferred that R290 is 

the best performances refrigerants. But R290 is 

highly flammable .Therefore, it is suggested to use 

the mixture of refrigerant particularly R22-

40%/R290-40%/R407C-20% in the place of practical 

applications. The simulation results are shown in the 

table 1 in support of the above content. 

 

Table: 1 Parameters Values for  ET=1 ⁰C, SHT=11 

⁰C, SUBT=8⁰C,CT=40⁰C& 45⁰C 

 

    Table: 2 Parameters Values for  ET=1 ⁰C, 

SHT=11 ⁰C,   SUBT=8⁰C, CT= 50⁰C 
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Table: 3 Parameters Values for  ET=5⁰C, 

SHT=15⁰C, SUBT=8⁰C,CT=45⁰C&50⁰C 

 

Table: 4 Parameters Values for  ET=10⁰C, 

SHT=20⁰C, SUBT=8⁰C,CT=40⁰C& 45⁰C 

 

 

 

Table: 5 Parameters Values for  ET=10⁰C, 

SHT=20⁰C, SUBT=8⁰C, CT=50⁰C 

M1(mixed refrigerant)  →R22-40%/R290   

30%/R407C-

30% 

M2 (mixed refrigerant) →R22-30%/R290-

40%/R407C-

30% 

M3 (mixed refrigerant) →R22-30%/R290-

30%/R407C-

40% 

M4 (mixed refrigerant) →R22-40%/R290-

20%/R407C-

40% 

M5 (mixed refrigerant) →R22-40%/R290-

40%/R407C-

20% 

M6 (mixed refrigerant) →R22-20%/R290-

40%/R407C-

40% 

6. GRAPH OF PARAMETERS 

6.1 COP 

The coefficient of performance variation for 

refrigerant mixture R22, R290 and R407 with six 

different mixtures are shown in fig 6.1 at the 

condenser temperature 40°C and evaporator 
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temperature varied from 1°C to 10°C the refrigerant 

mixture increases the COP. When the evaporator 

temperature maintains constant at 1°C and condenser 

temperature varied from 40°C to 50°C the COP 

decreases. 

We have deduced that when the condenser 

temperature increases the COP value decreases, 

similarly when the evaporator temperature increases 

the cop value increases. From the three refrigerants 

and its combinations R 290 gives the highest cop. 

Among the combinations M5 gives the best COP. 

 

Graph 1 ET=1°C, SHT=11°C, SUBT=8°C, 

CT=40,45, 50°C 

 

Graph 2 ET=5°C,  SHT=15°C,SUBT=8°C, 

CT=40,45, 50°C 

 

 

 

Graph 3 ET=10°C, SHT=20°C, SUBT=8°C, 

CT=40,45, 50°C 

 

Graph 4 ET=1,5, 10°C, SHT=11,15,20°C, 

SUBT=8°C ,CT=40°C 

 

    Graph 5 ET=1,5, 10°C,SHT=11,15,20°C, 

SUBT=8°C,CT=45°C 
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Graph 6 ET=1,5, 

10°C,SHT=11,15,20°C,SUBT=8°C,CT=50°C 

 

Graph 7 ET=1,5, 

10°C,SHT=11,15,20°C,SUBT=8°C,CT=40,45, 50°C 

Graph 1,2,3,4,5,6,7. Compared COP and Condenser 

temp, Evaporator temperature for various conditions 

6.2 Refrigeration Mass Flow Rate 

The mass flow rate variation for refrigerant mixture 

R22, R290 and R407C with six different mixtures are 

shown in fig 6.2 at the condenser temperature 

maintain at 40
0
C and evaporator temperature varied 

from 1
0
C to 10

0
C the refrigerant mixture increases 

the mass flow rate. When the evaporator temperature 

maintains constant at 1
0
C and condenser temperature 

varied from 40
0
C to 50

0
C the mass flow rate 

decreases in the range. 

 

Graph 8 ET=1°C, 

SHT=11°C,SUBT=8°C,CT=40,45, 50°C 

 

Graph 9.ET=1,5, 

10°C,SHT=11,15,20°C,SUBT=8°C,CT=40°C 

 

Graph 10 ET=1,5, 

10°C,SHT=11,15,20°C,SUBT=8°C,CT=40,45, 50°C 
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Graph.8,9,10.Compared Mass flow rate and 

Condenser temp, Evaporator temperature for various 

conditions. 

6.3 Isentropic Compressor Work 

The Isentropic compressor work variation for 

refrigerant mixture R22, R290 and R407C with six 

different mixtures are shown in fig 6.3 at the 

condenser temperature maintain at 40
0
C and 

evaporator temperature varied from 1
0
C to 10

0
C the 

refrigerant mixture decrease the isentropic 

compressor work. When the evaporator temperature 

maintains constant at 1
0
C and condenser temperature 

varied from 40
0
C to 50

0
C isentropic compressor work 

increase in the range. 

 

Graph 11 ET=1°C, SHT=11°C, 

SUBT=8°C,CT=40,45, 50°C 

 

Graph 12 ET=1,5, 10°C, 

SHT=11,15,20°C,SUBT=8°C,CT=40°C 

Graph 11,12.Compared Isentropic compressor work 

and Condenser temp, Evaporator temperature for 

various conditions. 

6.4 Refrigeration Capacity 

The Refrigeration Capacity variation for refrigerant 

mixture R22, R290 and R407C with six different 

mixtures are shown in fig 6.4 at the condenser 

temperature maintain at 40
0
C and evaporator 

temperature varied from 1
0
C to 10

0
C the refrigerant 

mixture increases the Refrigeration Capacity. When 

the evaporator temperature maintains constant at 1
0
C 

and condenser temperature varied from 40
0
C to 50

0
C 

Refrigeration Capacity decrease in the range. 

 

Graph 13 ET=1°C, SHT=11°C, 

SUBT=8°C,CT=40,45, 50°C 

 

Graph 14 ET=1,5, 

10°C,SHT=11,15,20°C,SUBT=8°C,CT=40°C 

Graph 13,14. Compared refrigeration capacity and 

Condenser temp, Evaporator temperature for various 

conditions 
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6.5 Compressor Power  

The Compressor Power variation for refrigerant 

mixture R22, R290 and R407C with six different 

mixtures are shown in fig 6.5 at the condenser 

temperature maintain at 40
0
C and evaporator 

temperature varied from 1
0
C to 10

0
C the refrigerant 

mixture increases the Compressor Power. When the 

evaporator temperature maintains constant at 1
0
C and 

condenser temperature varied from 40
0
C to 50

0
C 

Compressor Power increase in the range. 

 

Graph 15 ET=1°C, 

SHT=11°C,SUBT=8°C,CT=40,45, 50°C 

 

Graph 16 ET=1,5,10°C, 

SHT=11,15,20°C,SUBT=8°C,CT=40°C 

Graph 15,16.Compared compressor power and 

Condenser temp, Evaporator temperature. 

7. CONCLUSION 

Mixed refrigerant is used in small window air 

conditioner, co-efficient of performance and mass 

flow rate are found to be increased. On the other hand 

the power consumed by a compressor is reduced. The 

simulation result shows that the use hydrocarbon 

refrigerant (R290) improves the performance of 

window air conditioners. Here we analyzed the 

several refrigerant mixture with the help of 

MATLAB-SIMLINK tool and we found that R290 

and R22-40% / R290-40%   / R407C-20% refrigerant 

mixtures gives better performance.The refrigerant 

data are calculated from REFPROP software. As 

R290 is flammable in nature, the mixture containing 

R22-40% / R290-40%   / R407C-20% can be used in 

the domestic / practical applications. By using this 

alternate refrigerant mixture, we can reduce the GWP 

and also reduce the pollution of the environment. 
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