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Abstract: 

With the ozone layer depletion problem and the use of refrigerant which contribute to global warming it is necessary to find 

alternate refrigerant which is environment friendly and also does not have any effect on global warming and ozone -layer 

depletion. In  this analysis the performance of vapor compression cycle evaluated theoretically  with d ifferent refrigerant and at 

different mass fraction. In vapor compression refrigerat ion system, the commonly  used refrigerant is R134a Tetra -fluoroethane 

(C2H2F4) and here we are using R290a Propane (C3H8) and R600a Isobutane (C4H10) for evaluating various parameter separately 

and also at different mass fraction about 25%-75%, 50%-50% and 75%-25% respectively and also at different outside condition 

by varying outside temperature. The evaluation was  made in term of various performance parameters such as volumetric 

efficiency, compressor discharge temperature, condenser temperature, pressure ratio, cooling capacity and coefficient  of 

performance. The result obtained are compared with in itial used R134a Tetra-fluoroethane and other used refrigerant i.e . R290a 

propane and R600a Isobutene. 
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I.           INTRODUCTION 

 

Refrigerat ion is used in industry for cooling and free zing of 

products, condensing vapors, maintaining environmental 

conditions, and for cold storage. The number of d ifferent 

applications is huge and they are a major consumer of 

electricity. In some sectors, particularly  food, drink, and 

chemicals it represents a significant proportion of overall site 

energy costs as per must follow these formatting specifications 

exactly.[1] Presently, the refrigerat ion industry urgently needs 

technical informat ion on the refrigeration systems, system 

components, and technical and operational aspects of such 

systems and components, procedures for energy and energy 

analyses of refrigeration systems for system design and 

optimization, applicat ion of optimum refrigerat ion techniques, 

techniques for the measurement and evaluation of the 

components’ performance; and methodology for the use of the 

cooling data to design an efficient and effective refrigeration 

system and/or to improve the existing refrigeration systems.[2] 

 

 
Figure.1. Vapor compression refrigeration cycle 

 

II. REFRIGERANTS 

The refrigerant is heat carry ing mediums which during their 

cycle (i.e. compression, condensation, expansion and 

evaporation) in the refrigerat ion system absorbs heat from a 

low temperature system and dissipate the heat so absorbed to a 

higher temperature system.[3] The natural ice and a mixture of 

ice and salt were the first refrigerants. In 1834, ether, 

ammonia, sulphurdioxide, methyl chloride and carbon dioxide 

came into use as refrigerants in compression cycle 

refrigeration machines. Most of the early refrigerant materials 

have been discarded for safety reasons or for lack of chemical 

or thermal stability. In the present days, many new refrigerants 

including halo-carbon compounds, hydro-carbon compounds 

are used for air conditioning and refrigerat ion applications. 

The suitability of a refrigerant for a certain application is 

determined by its physical, thermodynamic, chemical 

properties and by various practical factors. There is no one 

refrigerant which can be used for all types of applications i.e., 

there is no ideal refrigerant. If one refrigerant has certain  good 

advantages, it will have some disadvantages also. Hence, a 

refrigerant is chosen which has greater advantages and less 

disadvantages.[3] 

 

COMMONLY US ED REFRIGERANTS 

 Halocarbons, 

 Hydrocarbons (HCs), 

 Inorganic compounds, 

 Azeotropic mixtures, and 

 Nonazeotropic mixtures  

 

The halocarbons contain one or more of the three halogens – 

chlorine, fluorine, or bromine– and are widely used in 

refrigeration and air-conditioning systems as refrigerants. 

These are more commonly known by their trade names, such 

as Freon, Arcton, Genetron, Isotron, and Uron.[5]  

 

HCs are the compounds that mainly consist of carbon and 

hydrogen. HCs include methane, ethane, propane, 

cyclopropane, butane, and cyclopentane. Although HCs are 

highly flammable, they may offer advantages as alternative 

refrigerants because they are inexpensive to produce and have 
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zero ozone depletion potential (ODP), very low global 

warming potential (GW P), and low toxicity.[6]  

 

In spite of the early invention of many inorganic compounds, 

today they are still used in many refrigeration, air 

conditioning, and heat pump applications as refrigerants. 

Some examples are ammonia (NH3), water (H2O), air 

(0.21O2 + 0.78N2 + 0.01Ar), carbon dioxide (CO2), and 

sulfur dioxide (SO2). Among these compounds, ammonia has 

received the greatest attention for practical applications and, 

even today, is of interest.[7]  

 

An azeotropic refrigerant mixture consists of two substances 

having different properties but behaving as a single substance. 

The two substances cannot be separated by distillation. The 

most common azeotropic refrigerant is R-502, which contains 

48.8% R-22 and 51.2% R-115. Its COP is higher than that of 

R-22 and its lesser toxicity provides an opportunity to use this 

refrigerant in household refrigerat ion systems and the food 

refrigeration industry.[8] 

 

 Nonazeotropic mixture is a fluid consisting of multiple 

components of d ifferent volatiles that, when used in 

refrigeration cycles, change composition during evaporation 

(boiling) or condensation. Recently, non azeotropic mixtures 

have been called zeotropic mixtures or blends. The application 

of nonazeotropic mixtures as refrigerants in refrigeration 

systems has been proposed since the beginning of the 

twentieth century. A great deal of research on these systems 

with nonazeotropic mixtures and on their thermophysical 

properties has been done since that time. Great interest has 

been shown in nonazeotropic mixtures, especially for heat 

pumps, because their adaptable composition offers a new 

dimension in the layout and design of vapor-compression 

systems. Much work has been done since the first proposal to 

use these fluids in heat pumps. Through the energy crises in 

the 1970s, nonazeotropic mixtures became more attractive in 

research and development on advanced vapor-compression 

heat pump systems.[9,10] 

 

III. SECONDARY REFRIGERANT 

 

Your Secondary refrigerants play a role in carrying heat from 

an object or a space being cooled to the primary refrigerant or 

the evaporator of a refrigeration system. During this process, 

the secondary refrigerant has no phase change.  

 

In the past, the most common secondary refrigerants were 

brines, which are water–salt (e.g., sodium chloride and calcium 

chloride) solutions, and even today they are still used in spite of 

their corrosive effects. Also, the antifreezes, which are 

solutions of water and ethylene glycol, propylene glycol, or 

calcium ch loride, are widely used as secondary refrigerants. Of 

these fluids, propylene glycol has the unique feature of being 

safe when in contact with food products. A decade ago 

dichloromethane (CH2Cl2), trichloroethylene (C2HCl3), 

alcohol solutions, and acetone were also used in some special 

applications.[7] 

 

IV. THEORITICAL ANALYS IS  & FORMULATION 

 

The thermo physical property of R134a tetrafluoroethane and 

mixture of propane and Isobutane (R290 + R600a) like normal 

boiling point, critical temperature, latent heat, molecular mass  

have almost approximate value and after calculat ion the value 

of coefficient of performance have higher value as compared 

to R134a. 

 

 
Figure.2. Temperature-Entropy Diagram 

 

Firstly the performance parameter measured at fixed 

compressor outlet and condensing temperature and at fixed 

evaporator temperature and coefficient of performance, 

refrigeration effect and compressor work is measured, 

thereafter we continuously decreasing the evaporator 

temperature by 5ºC and keeping the other parameter constant 

and again calculate the all parameter and see the effect of these 

on  coefficient of performance and on  refrigeration effect of 

vapor compression refrigeration by taking R290 as a 

refrigerant. 

 

This process is repeated with R600a, with R134a and with 

mixture of R290+R600a. In second case the coefficient of 

performance and refrigeration effect is calculated by taking the 

above parameter i.e. fixed  compressor outlet and condensing 

temperature and including the effect of sub-cooling. In first 

case the condensing temperature is at 40ºC and we assume that 

there is a fan located near the condenser and with the help of 

force cooling of fan we assume that we obtained sub-cooling 

effect of 5ºC so enthalpy of condensing refrigerant i.e. h3 start 

decreasing and there is increase in refrigeration effect keeping 

the compressor work constant and hence ultimately increasing 

the coefficient of performance of system this process is done 

with taking R290 as a refrigerant and repeated with R600a, 

with R134a and with a mixture R290+R600a continuously. 

 

V. RES ULT & DIS CUSSION 

 

From the study of eco-friendly hydrocarbon refrigerants Care 

30 which is a mixture of p ropane R290 and Isobutene R600a 

in a ratio of 50% of propane and 50 % isobutene which is a 

very similar p roperty to that of R134a which are commonly 

used in household refrigeration system.  

 

In earlier we are using halogenated refrigerant R12 as a 

refrigerant in household refrigerat ion system but R12 is 

responsible for ozone layer depletion problem, that prevent us 

from the harmful ultrav iolet radiation and act as a shield of 

earth, due to which after Kyoto protocol another halogenated 

refrigerant R134a was introduced which  used as a refrigerant 

which has a zero  ozone layer depletion but after some time 

and various studied we come to know it has a zero value of 

Ozone layer depletion but it has a high value of  Global 

warming potential approximate 1300.  
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------------ Cycle without heat exchanger 

                  -  - - - - -   Cycle with heat exchanger  

Figure .3. Pressure-Enthalpy Diagram 

 

Table .1. Performance Of R290a At Different Temp  

Refrigerant C.O.P. R.E. C.W. 

R290a AT -5ºC 4.8 257.895 53.72 

R290a AT -10ºC 4.29 252.39 58.83 

R290a AT -15ºC 3.83 246.79 64.4 

R290a AT -20ºC 3.44 241.14 70.06 

R290a AT -25ºC 3.1 235.43 75.77 

R290a AT -30ºC 2.81 229.67 81.53 

 

Table. 2. Performance Of R600a At Different Temp 

Refrigerant  C.O.P. R.E. C.W. 

R600a at -5ºC 3.1 251.55 81.8 

R600a at -10ºC 2.7 244.75 90.6 

R600a at -15ºC 2.47 237.71 96.23 

R600a at -20ºC 2.25 231.26 102.78 

R600a at -25ºC 2.05 224.58 109.55 

R600a at -30ºC 1.888 217.96 115.93 

 

Table. 3. Performance Of R134a At Different Temp 

Refrigerant C.O.P. R.E. C.W. 

R134a AT -5ºC 2.4 239.24 99.6 

R134a AT -10ºC 2.2 236.25 107.3 

R134a AT -15ºC 2.1 233.22 111.05 

R134a AT -20ºC 1.8 230.14 122.4 

R134a AT -25ºC 1.7 227.0 133.52 

R134a AT -30ºC 1.58 223.91 141.71 

Table. 4. Performance Of Mixture At Different Temp 

Refrigerant  C.O.P. R.E. C.W. 

(R290a +R600a) at -5ºC 2.5 260.42 104.36 

(R290a+R600a) at-10ºC 2.34 252.82 108.04 

(R290a+R600a) at-15ºC 2.12 245.33 115.72 

(R290a+R600a) at-20ºC 1.9 237.33 124.91 

(R290a+R600a) at-25ºC 1.77 230.69 130.48 

(R290a+R600a) at-30ºC 1.62 223.53 144.15 

  

 
Figure. 4. Evaporator Temperature vs COP   

 

VI. CONCLUS ION 

 

The parameters that are evaluated in this work are coefficient 

of performance, refrigeration effect compressor work, 

evaporator temperature, compressor outlet temperature and 

sub-cooling in condenser. Here we are using four different 

refrigerants in which fourth one is the blend of two 

refrigerants propane and Isobutane (R290+R600a). In this 

work in the first condition the coefficient of performance from 

all refrigerants calculated at different evaporator temperature 

and taking compressor outlet and condensing temperature fix 

and in second condition the coefficient of performance from 

all refrigerants calculated at d ifferent condenser temperature 

taking evaporator temperature fix.  
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