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NOMENCLATURE

VCRS Vapor compression refrigeration cycle
COPsys Coefficient of performance of system
GWP Global warming potential
e Mass flow rate of VCRS system
Qevap Heat of absorption in the evaporator
Wturba Work output from turbine
More Mass flow rate of organic Rankine cycle
Wpump Work input to the pump
Qb Heat is given to the boiler
Norc Efficiency of organic Rankine cycle
Qc . Heat rejected from condenser
PRc Compressor pressure ratio
PRt Turbine pressure ratio
Ed Total Exergy Equation

\




CHAPTER1

INTRODUCTION

1.1 HISTORY OF REFRIGERATION

The use of mechanical procedures to produce cold is relatively new in 1748, Glasgow University's
William Coolen created refrigeration by producing a partial vacuum over ethyl ether. However,
his knowledge could not be put into practise. Perkin utilised a hand-operated machine to develop
the machine in 1834.

The pace of advancement was modest when the steam engine was in use. Refrigeration
applications grew as electric motors and compressors were introduced. Freon-free refrigerants
have recently been developed due to the fact that it includes chlorine, which is responsible for the
ozone layer in the higher atmosphere. Window air conditioners, split type air conditioners, and

residential refrigerators are the most common refrigeration applications.

1.2 VAPOR COMPRESSION SYSTEM

In vapor compression cycle they consist of various equipment like compressor, condenser,

evaporator and throttle valve they perform various function.

Compressor: It is the main part of vapor compressor system in which vapor compresses to a
particular pressure and temperature by consuming power so it is also called as power consuming
devices if its fails then all processes does not work .

Evaporator: It is a phase change process in which mixture of liquid and vapor came convert it

into a vapor phase by its absorbing capacity .



Condenser: It is heat ex changer device worked at constant pressure changing its vapor phase to
the liquid form by removing heat process .
Throttle Valve: It is a device which lower the pressure and temperature of refrigerant and

convert into the liquid and vapor mixture form.

System Boundary

Evaporator

| ColdRegion |
Vapor-Compression Cycle Components

Figure 1.1: Vapour compression cycle components

This system goes through 4 processes

e Compression.
e Heat rejection.
e Throttling .

e Heat addition.
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Figure 1.2 vapor compression cycle

In the vapour compression refrigeration cycle, liquid refrigerant is utilized as a medium to evacuate
heat from the surrounding area and absorb heat from from where we want chilling effect . A typical
single-stage compression refrigeration cycle is depicted . Saturated vapour refrigerant enters the
compressor and circulates, then is compressed at a high pressure, leads to a higher temperature
superheated vapour is a term for a hot compressed vapour. The high vapour is now sent through
a condenser, where the flowing vapor rejects heat from the system to the environment via air. Now
that the condensed liquid has reached saturation in the thermodynamic state, it is channeled to a
capillary tube (expansion valve), where pressure and temperature drop abruptly, preserving the
isenthalpic process. Now the fluid flows through an heat absorbing device , which absorbs heat
from the enclosed chamber and cools it down before returning it to the atmosphere. After the
refrigeration cycle is completed, the refrigerant vapor becomes saturated and returns to the

compressor.

p =
-~
*

Po |-

e R —
red

Figure 1.3 P-v diagram of vapor compression cycle



The RAC industry is heavily dependent on vapour compression
refrigeration(VVCR) system.The major applications where VCR System is used are
listed below:

1 Refrigeration system used for domestic purpose(Refrigerator)

2 Food storage

3 Air conditioning in Hospitals

4 Hotels indutries

5 Malls etc.

The refrigerants used in all above applications are mostly HFC or mixtures of HFC
refrigerants.The HFC refrigerants are responsible for Global Warming.The
refrigerant R134a is presently used in refrigeration system but has high GWP of
1430.Hence it needs to be replaced by such refrigerants which has low GWP
value.The refrigerant R450a is a mixture of different HFC&HFO refrigerants i.e
58% of R134a & 42% of R1234ze.The GWP value of the R450a is 547 and it is
alternative to R134a.

The scope of the present work is to analyse the performance of VCR Cycle using

R450a which is a zeotropic refrigerant.
The project report comprises of the following chapters

1. Introduction

2. Literature survey

3. Thermodynamic analysis
4. Result & discusion

5. Scope for future work



CHAPTER 2

LITERATURE REVIEW

Makhnatch et al.2017 experimentally studies the performance R450A as drop
in refrigerant for R134a in low capacity refrigeration system .there results
showed that R450a gives nearly 10% lower cooling capacity than R134a . the
COP IS ALSO 3% lower.

Gataric and lorbek (2021) evaluated the experimental performance of R450A as
the heat pump a drop-in replacement for R134a in household heat pump
trumble dryers.the experimental result show that the energy requirement of
dryers reduces by 3.7%. however the drying time increase by 4.2%.

Deani et.al(2022) experimentally investigated flow condensation of
R450A,R515B and R1234ze(E) in a 0.7cm internal diameter micro-fin tube.

Molinaroli et.al(2022) examined the experimental performance of R450A and
R513A as low-GAWP alternative to R134a in a water-to-water heat pump.
They reported that R450A gives a cooling capacity which is 6.59%t015.02%
lower than R134a.this COP varies -2.48% to +2.99% in comparison to R134a.

Yuan et.al(2024) experimentally investigated the performance of R450A and
R134a in a micro channel tube.the result reported by them have predicted
higher heat transfer co-efficient at higher heat fluxes in comparison to R134a.

Hussain et.al(2025) carried out simulation studies for energy evaluation of
R450A,R1234yf,R513A,R516A R152A and R1234ze as alternative to R134a in
an air conditioner.they reported that R152A,R450Aand R516A promising
alternative to their comparable performance with R134a.

Khan et.al(2025) investigated the effect of lubricant oil (PEC4) on condensation
and thermostatically properties of refrigerant R450A .There result showed that
the condensation process effectiveness is enhanced by using pack 4.it also
enhanced heat transfer and help in reducing in energy consumption of
refrigeration cycle.

The literature shows that R450A is good alternative to R134a
Gaps in literature Survey

The literature survey shows that the theoretical performance analysis of R450A
as alternative to R134a is scant .



Objective of present studies

1. To analyse and compare the thermodynamic performance of refrigerants R450A and
R134a in a vapour compression refrigeration system using key performance
parameters such as coefficient of performance (COP), compressor work input, and
heat removed by the evaporator.

2. To investigate the effect of operating parameters—namely evaporator temperature,
condenser temperature, and refrigerant mass flow rate—on the performance of the
system for both refrigerants under identical conditions.

3. To evaluate the suitability of R450A as a replacement for R134a, based on
comparative energy performance and operational feasibility in low- and medium-
temperature refrigeration applications.



Chapter 3

Thermodynamic analysis

The thermodynamic analysis is based on principle of mass and energy conservation.
The various equation used is given below used in EES Software:

Qe_dot=m_dot*(h1-h4)
{te=-20}

tc=50

tr=2
hl=enthalpy(R134a,T=T1,x=x1)
tl=te
sl=entropy(R134a,T=T1,x=x1)
x1=1

s1=s2

Pc=p_sat(R134a,T=Tc)
h2=enthalpy(R134a,5=s2,P=P2)
p2=pc
h3=enthalpy(R134a,x=x3,P=P3)
p3=p2

x3=0

h3=h4

cop=(h1-h4)/(h2-h1)
Qe_dot=2*3.5167



Chapter 4

Result and Discussion
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CHAPTERS

CONCLUSION AND SCOPE FOR FUTURE WORK

R450A is better refrigerant than R134a.

Scope for future work

1. Exergy analysis of the system can be carried out with these refrigerant can be performed.
2. Economy analysis of the system can be carried out with these refrigerant can be performed.

23
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