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Abstract :    In this study, analysis of the first and second law 

of thermodynamics is carried out for comp ress io n 

p rocess  o f  a  vapor compression  refrigeration cycle  using 

the properties of  refrigerant R 134a, a refrigerant with 0.055 

ODP compared to ODP value  of  R11 an another traditional 

refrigerants containing chlorine as 1.  The study was carried 

out with the starting point as the exit of an evaporator 

assuming that the refrigerant leaves the evaporator as 

saturated vapour and compressed to some superheated 

temperature. Various values of change in exergy during the 

compression process calculated for various temperatures 

beyond saturation temperature at the elevated pressure ie in 

the superheated vapour region at different pressures and 

plotted to built a mathematical model to calculate either one by 

just knowing the value of the other . A relationship is 

established between the degree of superheat at the end of the 

compression to the exergy destruction at various pressures 

during entire compression process.  

Key words: Refrigerant, Exergy, degree of superheat,  R134a,  

thermodynamic analysis  

 Introduction : 

The exergy of a system is the maximum useful work that can be 

extracted from the system reversibly until the system reaches to 

the equilibrium with the environment. The exergy analysis is a 

relatively new analysis technique in which the basis of 

evaluation of thermodynamic  loses follows from  the  second  

law rather  than  the  first law of thermodynamics. Thus, it 

belongs to that category of analyses known as second law 

analyses [1] 

On the basis of energy and exergy analysis of refrigeration 

systems many studies are being carried out  on the performance 

of alternative environment-friendly refrigerants. Said and Ismail 

[2] assessed the theoretical performances of R123, R134a, R11 

and R12 as coolants. It was established that for a specific 

amount of desired exergy, more compression work is required  

for  R123  and  R134a  than  R11  and  R12.  Although  the 

differences  are  not  very  significant  at  high evaporation 

temperatures and hence R123 and R134a should not be 

excluded as alternative coolants. During the analysis  they 

obtained an optimum evaporation temperature for each 

condensation temperature, which yields the highest exergetic 

efficiency. 

While assessing the performance  of  a  commercial  vapour  

compression refrigeration plant, generally adopted for 

preservation of foodstuff, using R22 and its candidate substitute 

(R417A) as working fluids by Aprea and Renno [3] carried 

extensive experimentation. The working of the plant was 

regulated by on/off  cycles  of  the compressor, operating at  

the  working frequency of 50 Hz, imposed by the classical 

thermostatic control. The reported result indicated that the 

substitute refrigerant (R417A), which is a non azeotropic 

mixture and non-ozone depleting, can serve as a long term 

replacement for R22; it can be used in new and existing direct 

expansion R22 systems  using  traditional  R22   lubricants.  

Also   in   their analysis,   the   best   exergetic   performances   

of   R22   in comparison with those of R417A were determined 

in terms of the  coefficient  of  performance,  exergetic  

efficiency  and exergy destroyed in the plant components. 

The principles and methodologies of exergy analysis are well 

established [4]. An exergy analysis is usually aimed to 

determine the maximum performance of the system and identify 

the sites of exergy destruction. Analyzing the components of the 

system separately can perform exergy analysis of a complex 

system. Identifying the main sites of exergy destruction shows 

the direction for potential improvements. Mohan 

Chandrashekharan [5] analyzed and compared exergy of R12 

and R134. The author plotted evaporator temperatures versus 

exergy efficiency and found that exergetic efficiencies of both 

the refrigerants decrease with increase in evaporator 

temperature. At lower evaporator temperatures, the exergetic 

efficiency of VCRS operating on R134a is higher than those 

operating on R12. But at higher evaporator temperatures R12 

system has higher exergetic efficiency than R134a system. The 

author further studied the variation of COP with sub cooling of 

the refrigerants in the condenser and compared the two. He 

found that COP increases with increase in degree of sub-cooling 

for both the refrigerants. R134a is more sensitive to variation 

in degree of sub-cooling.  

Amir V [6] studied exergy concept and its characteristic.The 

author introduced the detailed information about exergy and 

described energy, entropy and exergy losses in thermodynamic 

systems while defining the state,  surroundings and immediate  

surroundings etc. with different forms of exergy. In this paper 

the concept of exergy and its characteristic and application in 

various fields were discussed. The author also described 

different forms of exergy with brief comparison between energy 

analysis and exergy analysis. Bukola O.B [7]   experimentally 

calculated the results a f t e r  investigation of effects of sub-

cooling on the  performance  of  four  ozone-friendly 

alternative refrigerants (R32, R152a, R143a, and R134a) in a 

domestic refrigeration system. The study was performed using a 
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system designed for R12 with the aim of finding a drop-in 

replacement for the refrigerant.  

Average refrigeration capacities of R152a and R134a were 

2.6% higher and 3.4% lower than that of R12, respectively, 

while average capacities of R143a and R32 were 22.4% and 

31.3% lower than that of R12, respectively. Also, the results 

obtained showed that as the degree of sub-cooling increases, 

the pressure ratio reduces, while both the refrigerant mass flow 

rate and the coefficient of performance (COP) increase. The 

COPs of R152a and R134a obtained at various degrees of sub-

cooling are close to that of R12, while significant deviations in 

COPs of R32 and R143a were obtained when compared 

with  that  of  R12.  The  overall  assessment  of  the results 

showed  that  R152a  and  R134a  refrigerants had the most 

similar performance characteristics to R12,  with  R152a  having  

a  slightly  better performance, while the performances of R32 

and R143a were significantly lower than that of R12.Jyoti S  et  

al.  [8] presented a  theoretical performance study of a vapour 

compression refrigeration system with refrigerants R-407C and 

R-410A. It was a novel approach as all the refrigerants dealt 

in this study were  having zero ODP and exergy was 

compromised with ozone depletion potential of the 

refrigerants. A computational model based on energy and 

exergy analysis is presented for the investigation. The exergetic 

efficiency of R-407C is  2.5-5.1% higher than R410A for 

considered range of dead state temperatures. A theoretical 

investigation showed that better performances of R-407C in 

comparisons with R-410A. 

1. Thermodynamic Analysis:     

The main characteristics of the tested refrigerants [9] 

 Refrigerant         R-134 

a  Molar mass        102.03 

Boiling point (℃)              -26.1 

Critical temperature (℃)          122 

Critical pressure (bar)         4.06  

Critical density (�� / m
3
)         515.3 

Freezing Point (℃)       -103.3 

Ozone depletion potential          0.05 

2.1 Thermodynamic Analysis on the basis of II Law : 

The purpose  of the  refrigeration   cycle is to  take  heat from 

the cooled space and transfer  it outside.  The most frequently 

used re fr igera t ion  cycle is the VCR cycle. A basic 

refrigeration   system consists of an evaporator, a 

compressor a condenser, and an expansion valve. The 

Schematic diagram is shown in Fig 1 where the ideal cycle on p-

h and T-s diagram is shown in Fig 2 and Fig 3 respectively.  

Although compression process is shown isentropically  in the 

diagrams,  in actual practice, isentropic process is impossible . 

Our major concentration is on exergy change  during 

compression process only, while using R 134a as refrigerant. 

 

 

         Fig 1 – Vapour Compression Refrigeration system  

                 

        Fig 2 – Vapour Compression Cycle under Study 

Figure 2 is a schematic diagram of a vapour-compression 

refrigeration cycle operating between a low temperature medium 

(TL) and a high-temperature medium (TH). The maximum COP 

of a refrigeration cycle operating between temperature limits of 

TL and TH based on the based on the Carnot refrigeration cycle 

was given as 

 

 

Practical refrigeration systems are not as efficient as ideal 

models like the Carnot cycle, because of the lower COP due to 

irreversibility in the system. As a result of Equation 1 a smaller 

temperature difference between the heat sink and heat source 

(TH - TL) provides greater refrigeration system efficiency     

(i.e., COP ). The Carnot cycle has certain limitations, because it 

represents the cycle of the maximum theoretical performance. 

The exergy analysis is widely accepted as a useful tool in 

obtaining the improved understanding of the overall 

performance of any system and its components [10]. The 

exergy linked to a transfer or storage of energy is defined as the 

potential of maximum work. The exergy approach allows 

toquantify in a coherent way both the quantity and the quality of 

the different forms of energy considered. The concept of exergy 

presents the major advantages of efficiency definitions which 

are compatible  with  all  cases  of  conversion  of  energy 

resources  into energy services  as heat  and  electricity, 

refrigeration, and heat pumps etc. [11]. Simplicity of operation 

of refrigeration test rig makes it fit for being used for academic 
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purpose. An effective method using the conservation of mass & 

energy principles together with the second law for the design 

and analysis of vapour compression refrigeration system. It gives 

a way to study how we can make system and process more 

efficient and a key tool for determining the locations, types, & 

true magnitudes of wastes & loss. [12] 

The aim in an exergy analysis is to determine the exergy change 

in compression process of the cycle and to establish relationship 

between variables responsible for the exergy change. Although 

the components with greater exergy destructions are also those 

with more potential for improvement, our studies are limited to 

one component only, however, exergy destruction in a 

component can be determined from an exergy balance on the 

component. It can also be determined by first calculating the 

entropy generation and using Tods relation where To is the dead 

state temperature or environment temperature. Normally in a 

VCR system, To is usually equal to the temperature of the high 

temperature medium TH. Exergy destructions and or exergy 

enhancement and exergy efficiencies for major components of 

the cycle of a VCR system for a specific refrigerant can be 

calculated by considering property values of the refrigerant/s at 

various temperature and pressure as required. 

For Irreversible Compression Process 2’-3’ 

ψ change = T0sgen  …… (a) 

ψ in - ψ out   = ∆ ψ   …… (b) 

ψ2  = (h2-h0) – T0 (s2 – s0) + V2
2
/2 +gz2    …… (c) 

ψ3  = (h3-h0) – T0 (s3 – s0) + V3
2
/2 +gz3   …… (d) 

thus  ∆ ψ  = (h3-h2) – T0 (s3 – s2) + ∆V2
/2 +∆gz  [13] 

Neglecting change in potential & kinetic energy  

∆ ψ  = (h3-h2) – T0 (s3 – s2)  …… kJ/kg (e) 

 

2. Assumptions :     

To neglect the minor changes and to simplify calculations, 

following assumptions are being made. 

1) Compression process is assumed to be isentropic. 

2) The evaporator pressure is assumed to be constant and 

at atmospheric pressure of 101.325 kPa . Thus compressor inlet 

pressure is assumed to be 101.325 kPa. 

3) Various outlet pressure of compressor is considered 

from 2 kPa to 5 kPa in the regular ascending interval of 0.5 kPa.  

4) Compressor outlet vapour temperature is considered to 

be superheated from 1
0 

C to 5
0
 C at a regular ascending 

temperature of 1
0 
C .  

5) Atmospheric conditions are considered to be      

101.325 kPa and 27
0
 C. 

6) All values of  ψ are considered as kJ/kg. 

7) Mass of refrigerant in circulation is assumed to be unit 

mass. 

 

 

 

3. Result and Discussion :  

At high pressures ,theoretical results of exergy change during 

compression process of R 134a plotted v’s degree of superheat 
plotted on graph as shown in Graph 1. 

 

 

           Graph 1 – Degree of superheat v/s change in exergy 

On critical observation, it is found that slope of individual dψ, is 
not same for all the lines, ie the lines are not parallel. Value of 

slope (m) v/s compressor outlet pressure plotted as shown in 

Graph 2                

    

The exergy change during compression of  134a with respect to 

pressure ratio for different degree of superheat plotted as shown 

on Graph 3. 
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 It is clear from Graph 1 that exergy is the function of degree of 

superheat at the elevated pressure. It is interesting to note that  

the constant pressure lines beyond 200 kPa and below 350 kPa 

are almost parallel and can be generalized by a straight line 

equation 

∆ ψ  = 0.8 DOS + C  ….. (f)                                                      

where C is a constant for a particular pressure and can easily be 

calculated by taking two different values DOS at the specified 

pressure. Further for the pressure range between 400kPa and 

500kPa the equation can be generalized as   

∆ ψ = 0.94 DOS + C ……… (g) 

However, pressure beyond 350 kPa is not recommended for 

compressor inlet pressure of 101.325 kPa as dψ does not change 
considerably beyond that pressure and after 350 kPa, all dψ lines 
become parallel which indicates that work input for pressure 

enhancement in the compressor does not produce proportional 

change in exergy. 

Graph 2 clearly indicates that the slope reduces from 200 kPa to          

300 kPa and increases thereafter upto 600 kPa .Thereafter it 

becomes almost horizontal. This shows that the upper limit to 

compressor outlet  pressure should be limited to beyond 200 kPa 

and 600 kPa even in the ideal conditions. In this specified 

pressure range only the relation between various variables can be 

established with a minor deviation in the results. 

Graph3 A shows a typical behavior of P- dψ lines, in which all 

constant DOS lines are almost parallel at different pressures and 

a directional change in observed between 400 kPa and 500 kPa. 

It clearly indicates the best possible operational conditions 

between these two pressures at compressor outlet.  

4. Conclusion :  

The exergy change during compression process of an ideal VCR 

cycle with respect to varying degree of superheat for different 

compressor outlet pressure for R134a as refrigerant discussed in 

this paper.  Exergy calculated for different degree of freedom at 

constant pressure and the same plotted for various DOS. Further 

by changing compressor outlet pressure, various constant 

pressure lines plotted for dψ. A relationship thus established 
between dψ and DOS and mathematical model developed to 
calculate dψ at various variable parameters. 

The parameters attempted to get optimized for the best possible 

enhancement in the value of exergy at the end of compression 

process ,which is assumed to be isentropic at this stage. 
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