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ABSTRACT

The current work presents the comparative investigations of R134a and R152a for the
performance improvement of simple vapor compression refrigeration system through
subcooling using an integrated subcool vapor compression cycle. The analysis
investigates the impact of operating parameter viz temperature of condenser, degree of
subcooling and temperature of evaporator on perforamcne parament viz exergy
efficiency and COP. An Engineeering Equation Solver (EES) program has been
prepared to compute the results of analysis. The results predicts that the subcooling
enhances the COP of the vapor compression refrigeration system and R152a can be
considered as substitute of R134a.




TABLE OF CONTENTS

CANDIDATE’S DECLARATION
CERTIFICATE
ACKNOWLEDGEMENT
ABSTRACT
TABLE OF CONTENT
LIST OF FIGURES
LIST OF TABLES
NOMENCLATURE
CHAPTER 1: INTRODUCTION
CHAPTER 2: LITERATURE REVIEW AND RESEARCH GAP
CHAPTER 3: DESCRIPTION AND MODELLING OF SYSTEM
3.1 DESCRIPTION OF SYSTEM
3.2 MODELLING OF SYSTE
3.3 ASSUMPTIONS
CHAPTER 4: RESULTS AND DISCUSSION
4.1 METHODOLOGY
4.2 MODEL VALIDATION
4.3 IMPACT OF DEGREE OF SUBCOOLING
4.4 IMPACT OF TEMPERATURE OF EVAPORATOR
4.5 IMPACT OF TEMPERATURE OF CONDENSER
CONCLUSIONS AND FUTURE SCOPE
REFERENCES

ii
iii

iv

vi
vii
viii
1-4
5-8
9-11

10
11
12-25
12
12
13
18
21
26
27-28



LIST OF FIGURES

CHAPTER 1: INTRODUCTION

Fig. 1.1 Block diagram of simple VCR system 1
Fig. 1.2 Pressure (P)-Enthalpy (h) chart of simple VCR cycle 2
Fig. 1.3 Carbon di oxide emission from fossil fuels world-wide 3

Fig. 1.4 Composition of ozone depletion potential (ODP) of various refrigerants 3

CHAPTER 3: DESCRIPTION AND MODELLING OF SYSTEM

Fig. 3.1 Bloc diagram of integrated vapor compression refrigeration (VCR)
system 9

Fig.

CHAPTER 4: RESULTS AND DISCUSSION

Fig. 4.1 Effect of DOS on overall COP of the main VCR system 14
Fig. 4.2 Effect of DOS on % increase in COP of the main VCR system 16
Fig. 4.3 Exergetic efficiency (Nexergetic) Vs Degree of sub-cooling (DOS) 17

Fig. 4.4 Impact of temperature of evaporator (Te) on overall COP of main VCR
system 19
Fig. 4.5 %increase in COP of the main VCR system vs temperature of
evaporator (Te) 20
Fig. 4.6 Temperature of evaporator (Te) vs exergetic efficiency (exergetic) Of
main VCR system 21
Fig. 4.7 Overall COP of the main system vs temperature of condenser (T.) for
R134a and R152a 23
Fig. 4.8 Temperature of evaporator vs % increase in COP of the main VCR
system 24
Fig. 4.9 Exergetic efficiency (Nexergetic) Of the main VCR system vs
temperature of condenser (T¢) for R134a and R152a 25

Vi



LIST OF TABLES

Table No. Title of Table Page No.
Table 1.1 | Thermodynamic properties of R134a and R152a (Source: 1
www.intarcon.com/fr/refrigerante-r152a/)
Table 4 | Input data for the analysis of integrated VCR system [1] 12

Table 4.1 | Variation in COP of the main cycle vs DOS for R134a and 13
R152a

Table 4.2 | Variation in overall COP of integrated VCRS vs DOS for 14
R134a and R152a

Table 4.3 | Variation in % increase in COP of main VCR cycle vs 15
DOS for R134a and R152a

Table 4.4 | Variation in exergetic efficiency of main VCR cycle vs 16
DOS for R134a and R152a

Table 4.5 | COP of the main system vs temperature of evaporator (Te) 18
for R134a and R152a

Table 4.6 | Overall COP of the main system vs temperature of 18
evaporator (Te) for R134a and R152a

Table 4.7 | Variation in percentage increase in COP of the main cycle 19
vs evaporator temperature (T.) for R134a and R152a

Table 4.8 | Exergetic efficiency (exergetic) Of the main VCR system 20
vs temperature of evaporator (Te) for R134a and R152a

Table 4.9 | COP of the main system vs temperature of condenser (T) 22
for R134a and R152a

Table 4.10 | Overall COP of the main system vs temperature of 22
condenser (T¢) for R134a and R152a

Table 4.11 | Variation in percentage increase in COP of the main cycle 23
with condenser temperature (T.) for R134a and R152a

Table 4.12 | Exergetic efficiency (exergetic) 0f the main VCR system 24

vs temperature of condenser (T.) for R134a and R152a

vii




NOMENCLATURE

COP Coefficient of performance

CFC Chlorofluorocarbon

EES  Engineering equation solver

GWP Global warming potential

h Specific enthalpy (kJ/kg)

HCFC Hydrochlorofluorocarbon

HFC Hydrofluorocarbon

HFO Hydrofluoroolefin

m, Mass flow rate of refrigerant (kg/s)
ODP Ozone depleting potential

P Pressure (kPa)

Q Rate of net refrigerating effect (kW)
S Specific entropy (kJ/kg®C)

T Temperature (°C)

To Dead state temperature (°C)

Tb Boundary temperature (°C)

Te Evaporator temperature (°C)

VCR Vapour compression refrigeration
1% Work rate (kW)

Greek symbols
€ Effectiveness
n Efficiency

Subscripts

0 Dead state
SC  Subcooling

viii



CHAPTER 1
INTRODUCTION

The energy requirements are increasing with the world-wide technological

development. The prosperity of a country is evaluated by its energy production and
development. India is a situated in tropical continent where the demand of energy
increases in essentially in summer and Mansoon season due to increasing load of x air
conditioning and refrigeration equipment. In order to accomplish increasing demand of
electricity, improved air conditioning and refrigeration systems are required. In addition
to energy efficient technologies of refrigeration and air conditioning systems, lower
ozone depletion potential (ODP) and lower global warming potential (GWP) HFC

refrigerants are required.
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Figure 1.1: Block diagram of simple VCR system

Figure 1.1 & 1.2 show the simple vapor compression refrigeration system. The
state points are shown at entry and exit of each system components. The system
components are a compressor, a condenser, an expansion valve and an evaporator. The
low temperature and low pressure vapor refrigerant at state point 1 which comes out
from evaporator enters into the compressor and high pressure and high temperature

vapor refrigerant enters into the condenser at state point 2. High pressure high



temperature liquid refrigerant at state point 3 which comes out from the condenser and
then enters into the expansion valve. After expansion the low temperature and pressure
vapor refrigerant which comes out of the expansion valve at state point 4 enters into the
evaporator and refrigeration effects produces in the evaporator.

The sub-cooling after the state point 3 increases the net refrigeration effect and

hence increases the COP of the vapor compression system.

3ﬂ .

\ 4

P (kPa)

v

h (kJ/kg)

Figure 1.2: Pressure (P)-Enthalpy (h) chart of simple VCR cycle

The subcooling techniques includes liquid vapor heat exchange, dedicated
meechanical subcooling, Integrated subcooling and ejector cooling etc. These
technologies increases the net refrigeration effect of simple VCR cycle and hence COP

of the simple VCR cycle increases.

The vast literature is available on the subcooling of simple VCR system using
different technologies. Out of these, integrated subcooling is rarely used by researchers.
Integrated subcooling to the simple VCR cycle increases the net refrigeration effect
produced in the evaporator of the main VCR cycle consequently, the COP of the main

VCR cycle enhances.
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Figure 1.3 Carbon dioxide emission from fossil fuels world-wide (Source:
www.earthpolicy.org)
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Figure 1.4 Comparison of Ozone Depletion Potential (ODP) of various refrigerants
(Source: https://www.enggcyclopedia.com/2012/01/types-refrigerants/)
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Table 1.1: Thermodynamic properties of R134a and R152a (Source:

www.intarcon.com/fr/refrigerante-r152a/)

S. No. Thermodynamic Properties R152a R134a
1. ASHARE safety class A2 Al
2. Auto ignition temperature 454°C -
3. Molecular weight (g/mol) 66 102
4. Combustion heat (kJ/mol) 1090 428
5. Boiling Point at standard -24.0°C -26.1°C

pressure

6. Lower flammability limit (% 4% -—-
Vol)

7. Latent heat of vaporization at 307 199

-10°C, kl/kg

8. Volumetric cooling capacity, 1283 1293
kJ/m?

9. GWP (IPCC AR4) 124 1430

Table 1.1 illustrates the different thermodynamic properties of R134a and R152a. The
heat (latent) of vaporization of R152a is more than that of R134a and The GWP of
R152ais much lesser than that of R134a. The B.P. of R152a is lower than R134a. These

properties are considerable to use R152a in place of R134a.



CHAPTER 2
LITERATURE REVIEW AND RESEARCH GAP

The energy requirements are increasing with world-wide technological development.

The prosperity of a country is evaluated by its energy production and development.
Arora and S. C. Kaushik [1] had presented a described exergy analysis of an actual
vapor-compression refrigeration cycle. They compared the performance of refrigerants
R502, 404A, and R507A. Observation had been made by them that the R507A perform
better than R404A for the replacement of R502.

Hwang and Jeong [2] observed the effects of the parameters of a refrigeration system
working with R600a on the non-equilibrium subcooled two-phase flow of the
refrigerant. They experimented to investigate the effects of the operating conditions of
the refrigeration system on the contents of the non-equilibrium vapor phase of R600a.
They found that the void fraction was changed by the system parameters in addition to
the pressure and temperature.

Bolaji [3] carried out an experimental study of R152a and R32 to replace R134a in a
domestic refrigerator. He compared the performance of R152a and R32 with the R134a.
He observed that for refrigerant R152a and R134a pull-down time and design
temperature set by International Standard Organization (ISO) for a refrigerator (small)
were achieved than using R32. The average coefficient of performance (COP) obtained
for R134a was 4.7% lower than that of R152a while the average COP of R152a was
8.5% more than that of R32. For R152a, the energy consumed by the system is less. He
added that for all operating conditions, the performance of R152a was better than those
of R134a and R32in the domestic refrigerator. Hence, in a domestic refrigerator, R152a
can be used as a replacement for R134a.

Sanchez et al. [4] conducted an energy assessment of an indirect refrigeration plant of
R134a using R152a and R1234ze(E) as refrigerants. They used refrigerants R134a in
direct and R152a and R1234ze(E) in the indirect system respectively. They concluded
that the increase (average) was 18.7% for R152a, 27.2% for R1234ze(E) and 21.8% for
R134a. They added that for the different refrigerants used, the refrigerant mass charge
was reduced by the adoption of an indirect system up to 62%.

Brendel et al. [5] reviewed vapor compression refrigeration (VCR) in microgravity
environments. They provided a revision of existing literature for vapor compression

systems (VCS) operated in microgravity by outlining the history of vapor compression
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devices in space and presenting performance data. Moreover, gaps in the literature have
been highlighted and open questions are posed based on the reviewed material. The
next steps of research are suggested to support and ultimately achieve reliable vapor
compression refrigeration (VCR) in space. Calculating equivalent masses for a fair
comparison of various microgravity cooling technologies is suggested by capturing
both energy consumption and used volume.

Alavi et al. [6] presented techniques of power regeneration in the VCR plant for
upgrading already existing plants, main compressor, evaporator, condenser, and main
expansion valve are assigned for the characterization of each plant. They observed that
for a given main screw compressor the COP and cooling power improved up to 80%
and 100% respectively. They added that for constant cooling power plants, main
compressor delivery was reduced to 50%, and COP increasing up to 70%.

Humane et al. [7] carried out a comparison of the performance of low GWP refrigerants
for a miniature vapor compression system (VCS) integrated with enhanced phase
change material. They have compared the performance of R1234ze(E), R1234yf, and
R32and R290. They concluded that compared to R134a, The reduction in system charge
with R32, R1234ze (E), R290, and R1234yf was 1%, 30%, 52%, and 11% respectively.
The change in COP was +8%, -3%, — 5% and — 12%, with R32,R290, R1234yf and
R1234ze (E), respectively. The revolutions per minute (RPMs) of the compressor were
1700, 2900, 2400, 900, and 2100 were R90, R1234ze (E), R1234yf, R32, and
R134arespectively.

Khan and Zubair [8] worked on the design and rating of an integrated mechanical-sub-
cooling vapor-compression refrigeration system. They developed thermodynamic
models of an integrated mechanical sub-cooling system to simulate the actual
performance of the sub-cooling system. They predicted that the performance of the
integrated vapor compression refrigeration cycle was better than that of the simple cycle
using mechanical sub-cooling.

Zubair and Khan [9] carried out first and second-law-based thermodynamic analysis
of two-stage and mechanical-sub-cooling refrigeration cycles. They analyzed each
system component for their irreversibility losses. They compared theoretical results of
a two-stage refrigeration system performance with experimental values for a CFC-22
system.

Jiang et al. [10] investigated a general model for two-stage vapor compression heat

pump systems. They have also investigated eight different inter-stage configurations
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based on this model. They concluded that the general model was capable of performing
performance analysis and comparison among different types of cycles, as well as the
refrigerant selection and operational analysis.

Haitao Hu et al. [11] carried out research paper presentation of the cooling system
through supplement integrated with VCR cycles for commercial aircraft model has been
proposed. Validated experiments with deviated cooling capacity had been also
presented by them.

Binbin Yu et al. [12] provided the replacement of R410A for the reduction of low GWP
in the environment. They had provided option many more for low flammable through
various mixtures of coolants for the achievement of the same required vapor pressure.
They had also investigated that the blends of refrigerants applied in both air-
conditioning and heat-pump that could be equivalent to the properties of R410A. They
found four mixtures as coolants R410A having the same properties as vapor pressure.
Qiangyu Wen et al. [13] carried out the theoretical method for enhancing the
refrigerating capacity with the help of injection for the reduction of the energy stored
in the exhaust temperature of SSRC. They provided an accurate method to calculate
varied injection area. In addition to that, they also provide a mathematical model that
described the internal working process in the single screw refrigeration compressor
along with the effect of the liquid refrigerant injection.

B. Prasanna Nagasai et al. [14] they had presented an experimental investigation into
the efficiency of an integrated sub-cooling VCR device by adding a counter-flow tube
between compressor and condenser in a tube heat exchanger. The COP (performance
coefficient increased with condenser subcooling due to the tradeoff between reducing
compressor function and increasing cooling effect. To find the superlative increase in
COP with condenser sub cooling, thermodynamic properties related to refrigerant
effects such as latent vaporization heat and liquid specific heat were used to detect the
superlative increase in COP with condenser subcooling.

Justin P. Koeln and Andrew G. Alleyne [15] showed that substantial efforts have been
made to establish control strategies aimed at optimizing system performance while
providing the desired cooling, with vapor compression systems consuming a large
portion of the total U.S. energy consumption per year. Previous control methods,
however, underutilize a degree of freedom relating to the amount of refrigerant in the
device that is correlated with subcooling the condenser which can have a major effect

on system performance. An alternative system architecture that uses a receiver and an
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external electronic expansion valve is used in this paper to provide independent control
of the subcooling of condensers. Simulation and experimental findings indicate that
there is an optimal subcooling that maximizes the performance of the system; but with

operating conditions, this optimal subcooling shifts.

The literature was collected from various sources i.e. Science Direct, Google School
and SCI Hub, etc., there is a large number of research papers available on vapor
compression refrigeration systems. Some research papers are on sub-cooling are also
found. However, very little research work has been carried out on integrated vapor

compression refrigeration systems having R134a and R152a.



CHAPTER 3
DESCRIPTION AND MODELLING OF SYSTEM

A simple vapor compression refrigeration system is widely used for the air-conditioning
and refrigeration purpose world-wide. The sub-cooling of refrigerant increases the
efficiency of the system [1]. The research studies reported various sub-cooling
techniques of vapor compression system in which integrated vapor compression
refrigeration technique is used by very few researchers as far as literature concerned.
The present work presents performance improvement analysis of an integrated vapor
compression refrigeration system through sub-cooling. The present system consists two
vapor compression cycles. One is the main VCR cycle and other is a simple VCR cycle
whose evaporator acts as sub-cooler. The evaporator of other cycle provides sub-
cooling to the main VCR cycle to enhance the performance of the main VCR cycle.
R152a and R134a are the refrigerants considered.

3.1 Description of System

A 8:“

X
9

Evaporator 2

6 Condenser 1
4 l« 3 2
Sub-cooler
(]
7 ® 5
@ |
S
x
w
Compressor 2
> .| Compressor 1
v Evaporator 1 1

Figure 1 Block diagram of integrated vapor compression refrigeration (VCR)
system

A

\

Figure 1 shows the block diagram of integrated VCR system, It consists of two
VCR cycles. The main VCR cycle is in lower evaporator temperature circuit and the
other vapor compression refrigeration cycle is designated as cycle for subcooling is in
higher evaporator temperature circuit. The two refrigeration cycles are integrated to

each other by a subcooler. The subcooler is the evaporator of the other cycle for



subcooling. The refrigerants considered in the cycles are R134a and R152a. The main
VCR cycle and the other cycle with subcooler are having same refrigerant at a time
during the operation.

The main VCR cycle comprises of, a compressor, a condenser, an evaporator
and an expansion valve and the sub-cooler cycle consists of an expansion valve, a
compressor and an evaporator designated as sub-cooler. The condenser of both the
cycles is common.

The sub-cooler sub-cools the liquid refrigerant which comes out the condenser
of the main VCR system. The sub-cooler couples the two cycles such that the heat
removed by the liquid refrigerant condensate of the main VCR system is absorbed by
the vapor refrigerant of the sub-cooler VCR cycle. No external heat rejection is
considered in the sub-cooler.

The refrigerant vapor which comes out from the evaporator 1 of the main VCR
system goes into the compressor 1 at point of state 1. The high temperature and high
pressure refrigerant vapor goes into the condenser 1 at point of state 2 after
compression. The vapor refrigerant changes into the liquid refrigerant in the condenser
1. The condensate vapor of the main cycle leaving the condenser 1 and enters into the
sub-cooler at point of state 3. The condensate vapor of the main VCR cycle is subcooled
by the sub-cooler which increase the net refrigeration effect of the main VCR cycle.

The evaporator 2 of the sub-cooler cycle is also a sub-cooler. The liquid-vapor
refrigerant receives heat from the liquid condensate of the main VCR cycle in the sub-
cooler from point of state 9 to 6. The compressor 2 compresses the refrigerant vapor
from point of state 6 to 7. The high temperature and high pressure refrigerant vapor is
condensed by the condenser of the main cycle from point of state 2 to 3.

The liquid refrigerant leaving the condenser is expanded from point of state 4
to 5 & 8 to 9 by expansion valves of the main and sub-cooler cycle respectively. Finally,
the refrigerant vapor after expansion enters into the sub-cooler. In this way, the use of

a sub-cooler enhances the COP of the main VCR cycle.

3.2 Modelling of System

Thermodynamic analysis of expander incorporated vapor compression
refrigeration cycle has been carried out in the current presentation. Steady state

governing equations have been formed using the laws of thermodynamics i.e. first and
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second laws. Energy, work and mass balances have been carried out for each
component of the system. An EES (Energy Equation Solver) software bases program

has been developed to solve the governing equation used in the analysis.

The COP of the integrated VCR system is given by the equation (1):

Qe
COPyyeran = (1

Weomp1+Weomp2

Where Q. is the net refrigeration load of the evaporator 1 in kJ/s and Wcompland

Weompz2 are the net compressor work of compressor 1 and 2 in kJ/s.

The The COP of the main VCR system is given by equation (2):

cop=— )

Weomp1

The exergetic efficiency of the integrated VCR system is given by the equation (3):

(1-%)

Where T, is the temperature (ambient) and Teis the evaporator 1 temperature in K.

n,, = COP * 3)

The energy balance in the sub-cooler (evaporator 2) is given by equation (4).
mr,m (h3 - h4) = mr,sc (h6 - h9) (4)
Where m,. ,,, and m,. ¢ are the flow rate of mass of refrigerant flowing in main and sub-

cooler vapor refrigeration cycle in kg/s.

3.3 Assumptions
The following assumptions have been assumed for the thermodynamic analysis
and performance improvement of an integrated VCR system through sub-cooling [1].
e The evaportor temperature of main vapor compression refrigeration system has
range of variation -25°C to 0°C.
e Dry and saturated refrigerant vapor has been assumed at the entry of compressor
at point of state 1 and 6.
e The condenser temperature has range of variation 30°C to 50°C.
e [t is assumed that each component of the integrated VCR system has achieved
steady state.
e The degree of subcooling (DOS) has the range 1 to 19°C.
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CHAPTER 4
RESULTS AND DISCUSSION

A simple vapor compression refrigeration system is widely used for the refrigeration

purpose world-wide. The sub-cooling of refrigerant increases the efficiency of the
system [1]. The research studies reported various sub-cooling techniques of vapor
compression system in which integrated vapor compression refrigeration technique is
used by very few researchers as far as literature concerned. The present work presents
performance improvement of an integrated vapor compression refrigeration system
through sub-cooling. The present system consists two vapor compression cycles. One
is the main and other is a VCR cycle for subcooling. The evaporator of cycle for
subcooling provides sub-cooling to the main VCR cycle to enhance the performance of

the VCR cycle. Refrigerants R152a and R134a have been considered.

4.1 Methodology

The present work represents performance improvement of an integrated VCR system
through sub-cooling. It comprises a VCR system which has been integrated to a sub-
cooler of another VCR cycle. The evaporator of sub-cooler cycle has been used as a
sub-cooler of main VCR system. However, both the cycles have common condenser.
R134a and R152a are refrigerant considered. An Engineering Equation Solver program
has been developed to compute the various performance parameters i.e. COP and
exergetic efficiency. The analysis of performance parameters have also been carried out
varying the input parameters i.e. condenser temperature, evaporator temperature and

degree of sub-cooling (DOS).

4.2 Model Validation
The current work investigates performance improvement of an integrated VCR system
through sub-cooling and the comparison of performance of R134a and R152a. Model

validation has been done with [1].

Table 4: Input data for the analysis of integrated VCR system [1]

S.No. | Input variables Values

1. Temperature of evaporator 1 (Te) -25°C

12



2. Net refrigerating effect (Qq ) 3.5167 kW

3. DOS (3-4) 50C

4, Condenser temperature(T) 45°C

5. Isentropic efficiency of compressor (1comp1, Ncomp2) 80%

6. Subcooler effectiveness (esc) 0.8

7. Dead state or Ambient pressure (Po) and temperature | 101.325 kPa &
(To) 25°C

4.3 Impact of Degree of Sub-cooling
The effect of DOS on the performance parameters COP, % increase in COP and
exergetic efficiency has been shown in Table 4.1 to 4.4 and Fig. 4.1 to 4.3.

Table 4.1: Variation in COP of the main cycle vs DOS for R134a and R152a

cop
SI. No. Degree of Sub-cooling (DOS) (°C)

R134a R152a
1 1°C 1.193 2.07
2 30C 1.193 2.07
3 50C 1.193 2.07
4 7°C 1.193 2.07
5 9°C 1.193 2.07
6 11°C 1.193 2.07
7 13°C 1.193 2.07
8 15°C 1.193 2.07
9 17°C 1.193 2.07
10 19°C 1.193 2.07

13



Table 4.2: Variation in overall COP of integrated VCRS vs DOS for R134a and
R152a

SL Overall COP
N Degree of Sub-cooling (DOS) (°C)
0.
R134a R152a

1 1 2.094 2.213
2 3 2.134 2.244
3 5 2.174 2.276
4 7 2.214 2.307
5 9 2.253 2.338
6 11 2.293 2.37
7 13 2.333 2.401
8 15 2.372 2.432
9 17 2411 2.464
10 19 2.451 2.495

2.6

—e—R134a Te =-25°C, T, = 45°C, Q. = 3.5167kW
—=-—R152a
2.5 -
//.//
//.’/ /
E 24 /‘.-///l’ ./
% /’.'// o/
o 23 s =
8 l’//’./ /‘/
2.2 il /.
o/
21—
2
1 4 7 10 13 16 19
DOS (°C)

Figure 4.1 Effect of DOS on overall COP of the main VCR system
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Table 4.2 and Figure 4.1 show the effect of DOS on overall COP of the main VCR
cycle. The magnitude of overall COP increments with the increase in DOS. It is also

noted that the magnitude of overall COP for R152a is more than that of R134a.

Table 4.3 Variation in % increase in COP of main VCR cycle vs DOS for
R134a and R152a

SIL. % increment in COP
No. Degree of Sub-cooling (DOS) (°C)
R134a R152a

1 1 9.438 6.894
2 3 11.42 8.334
3 5 13.27 9.677
4 7 14.98 10.92
5 9 16.53 12.04
6 11 17.92 13.06
7 13 19.14 13.95
8 15 20.19 14.72
9 17 21.05 15.36
10 19 21.72 15.87

15



25

20

15

% increase in COP

—e—R134a Te =-25°C, T = 45°C, Qe = 3.5167kW
—u-—R152a

; / .//_/

4 7 10 13 16 19
DOS (°C)

Figure 4.2 Effect of DOS on % increase in COP of the main VCR system
Table 4.3 and Figure 4.2 depict the effect of DOS on percentage increase in COP. The

magnitude of % increase in COP increments with the increase in DOS. It has been noted

that the magnitude of % increase in COP is more for R134a than that of R152a.

Table 4.4:  Variation in exergetic efficiency of main VCR cycle vs DOS for
R134a and R152a
Exergetic efficiency
I\SIZ. Degree of Sub-cooling (DOS) (°C) (Mexergetic)
R134a R152a
1 1 0.5284 0.5166
2 3 0.5267 0.5152
3 5 0.5246 0.5136
4 7 0.5222 0.5117
5 9 0.5194 0.5096
6 11 0.5163 0.5072

16




7 13 0.5127 0.5046
8 15 0.5088 0.5016
9 17 0.5045 0.4983
10 19 0.4998 0.4947
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Figure 4.3 Exergetic efficiency (1cxergetic) VS Degree of sub-cooling (DOS)

Table 4.4 and Figure 4.3 predict the variation in exergetic efficiency of main system
with DOS. The magnitude of exergetic efficiency decreases with increment in degree
of sub-cooling. It has also been noted that the magnitude of exergetic efficiency is more

for R134a than that of R152a.

4.4 Impact of temperature of Evaporator
The impact of temperature of evaporator on the performance parameters COP, %
increase in COP and exergetic efficiency has been shown in Table 4.5 to 4.8 and Fig.

4.4 t0 4.6.

17



Table 4.5: COP of the main system vs temperature of evaporator (Te) for R134a

and R152a

cop
Sl. No. Evaporator Temperature (Te) (°C)

R134a R152a
1 -25 1.913 2.07
2 -20 2.165 2.327
3 -15 2.461 2.63
4 -10 2.814 2.989
5 -5 3.239 3.423
6 0 3.762 3.955

Table 4.6: Overall COP of the main system vs temperature of evaporator (Te¢) for

R134a and R152a

Overall COP
SI. No. Evaporator Temperature (Te) (°C)

R134a R152a
1 -25 2.174 2.276
2 -20 2.431 2.538
3 -15 2.734 2.846
4 -10 3.096 3.213
5 -5 3.534 3.657
6 0 4.074 4.203
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Figure 4.4 Impact of temperature of evaporator (Tc) on overall COP of main VCR
system

Table 4.6 and Figure 4.4 represent variation in overall COP vs temperature of
evaporator. The value of overall COP of main VCR cycle increments with increment

in evaporator temperature. It has been noted that the magnitude of overall COP is more

for R152a than that of R134a.

Table 4.7: Variation in percentage increase in COP of the main cycle vs

evaporator temperature (T¢) for R134a and R152a

% increase in COP
SI. No. Evaporator Temperature (Te) (°C)

R134a R152a
1 -25 13.27 9.677
2 -20 11.89 8.742
3 -15 10.66 7.893
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4 -10 9.547 7.124

5 -5 8.554 6.426

6 0 7.662 5.793
14
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% increase in COP
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Figure 4.5 %increase in COP of the main VCR system vs temperature of
evaporator (Te)

Table 4.7 and Figure 4.5 predict the impact of temperature of evaporator (Te) with
increase in % increase in COP of the main VCR system. The magnitude of % increase
in COP increments with increment in temperature of evaporator. It has also been noted

that the magnitude of % increase in COP is more for R134a than that of R152a.

Table 4.8: Exergetic efficiency (Nexergetic) Of the main VCR system vs

temperature of evaporator (T.) for R134a and R152a

Exergetic efficiency

SI. No. Evaporator Temperature (Te) (°C) | (Mexergetic)

R134a R152a
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1 25 0.5246 0.5136
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Table 4.8 and Figure 4.6 show the impact of temperature of evaporator (T¢) on exergetic

efficiency (exergetic)- The magnitude of exergetic efficiency decreases with increment

in temperature of evaporator (T¢). It has perceived that the magnitude of exergetic

efficiency is more for R134a than that of R152a.

4.5 Impact of temperature of condenser

The impact of temperature of condenser on the performance parameters COP, %
increase in COP and exergetic efficiency has been shown in Table 4.9 to 4.12 and Fig.

4.7 t0 4.9.
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Table 4.9: COP of the main system vs temperature of condenser (T¢) for R134a
and R152a

Ccop
SI. No. Condenser Temperature (T.) (°C)

R134a R152a

1 2.759 2.888
30

2 2.436 2.573
35

3 2.157 2.304
40

4 1.913 2.07
45

5 1.696 1.864
50

Table 4.10: Overall COP of the main system vs temperature of condenser (T¢) for

R134a and R152a

Overall COP
SI. No. Condenser Temperature (T.) (°C)

R134a R152a
1 30 3.001 3.081
2 35 2.682 2.769
3 40 241 2.504
4 45 2.174 2.276
5 50 1.967 2.076
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Figure 4.7 Overall COP of the main system vs temperature of condenser (Tc) for

R134a and R152a

Table 4.10 and Figure 4.7 depict variation in overall COP with condenser temperature.
The value of overall COP of main VCR cycle decreases with increment in temperature
of condenser. It is perceived that the magnitude of overall COP is more for R152a than
that of R134a.
Table 4.11: Variation in percentage increase in COP of the main cycle with

condenser temperature (Tc) for R134a and R152a

% increase in COP
SI. No. Condenser Temperature (Tc) (°C)

R134a R152a
1 30 8.33 6.364
2 35 9.708 7.317
3 40 11.34 8.394
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4 45 13.27 9.677

5 50 15.59 11.12
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Figure 4.8 Temperature of evaporator vs % increase in COP of the main VCR
system

Table 4.11 and Figure 4.8 illustrate the impact of temperature of condensser on %
increase in COP of main VCR circuit. The magnitude of % increase in COP increases
with increment in temperature of condenser. It has also been perceived that the

magnitude of % increase in COP is more for R134a than that of R152a.

Table 4.12: Exergetic efficiency (1cxergeric) of the main VCR system vs
temperature of condenser (T¢) for R134a and R152a

Exergetic efficiency

SI. No. Condenser Temperature (T.) (°C) (ﬂexergetic)

R134a R152a
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1 30 0.633 0.6271
2 35 0.5888 0.5814
3 40 0.5533 0.5442
4 45 0.5246 0.5136
5 50 0.5015 0.4884
0.64
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Figure 4.9 Exergetic efficiency (¢xergeric) 0f the main VCR system vs temperature

of condenser (T.) for R134a and R152a
Table 4.12 and Figure 4.9 show the impact of temperature of condenser (Tc¢) on

exergetic efficiency (exergetic)- The magnitude of exergetic efficiency decreases with

increase in condenser temperature. It has perceived that the value of exergetic efficiency

(Mexergetic) 1s more for R134a than that of R152a.
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CONCLUSIONS AND FUTURE SCOPE

In this work, the present work illustrate performance improvement of an integrated

vapor compression refrigeration system through sub-cooling. The performance analysis
of integrated VCR system has been carried out. An Engineering Equation Solver (EES)
program has been prepared and used to compute the results of the analysis. The effect
of input parameters i.e. subcooling degree (DOS), temperature of evaporator and
temperature of condenser has been investigated on the performance parameters i.e.
overall COP, percentage increase in COP and exergy efficiency. Following are the
concluding remarks of the present analysis.
e The magnitude of overall COP of the integrated VCR system enhances with
sub-cooling.
e The overall COP of the integrated VCR system is more than that of main VCR
system.
e The percentage increase in COP is 9.438 to 21.7 for R134a and 6.894 to 15.87
for R152a.
e RI152a performs better than that of R134a regarding COP of the system.
e RI152a may be a substitute of R134a.

Future Scope:
e The exergy investigations of the integrated VCR system may be carried out.
e Cost investigations of integrated VCR system may be carried out.

e Exergy-economic investigations of integrated VCR system may be carried out.
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ABSTRACT
=

The current work presents the comparative investigations of R134a and R152a for the
performance improvement of simple vapor compression refrigeration system through
subcooling using an integrated subcool vapor compression cycle. The analysis
investigates the impact of operating parameter viz temperature of condenser, degree of
subcooling and temperature of evaporator on perforamcne parament viz exergy
efficiency and COP. An Engineeering Equation Solver (EES) program has been
prepared ggrompute the results of analysis. The results predicts that the subcooling
enhances the COP of the vapor compression refrigeration system and R152a can be
considered as substitute of R134a.




CHAPTER 1
INTRODUCTION

The energy requirements are increasing with the world-wide technological

development. The prosperity of a country is evaluated by its energy production and
development. India is a situated in tropical continent where the demand of energy
increases in essentially in summer and Mansoon season due to increasing load of x air
conditioning and refrigeration equipment. In order to accomplish increasing demand of
electricity, improved air conditionin%nd refrigeration systems are required. In addition
to energy efficient technologies of refrigeration and air conditioning systems, lower
ozone depletion potential (ODP) and lower global warming potential (GWP) HFC

refrigerants are required.
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Figure 1.1: Block diagram of simple VCR system

Figure 1.1 & 1.2 show the simple vapor compression refrigeration system. The
state points areéown at entry and exit of each system components. The system
components are a compressor, a condenser, an expansion valve and an evaporator. The
low temperature ﬁd low pressure vapor refrigerant at state point 1 which comes out
from evaporator enters into the compressor and high pressure and high temperature

vapor refrigerant enters into the condenser at state point 2. High pressure high




temperature liquid refrigerant at state point 3 which comes out from the condenser and
then enters into the expansion valve. After expansion the low temperature and pressure
vapor refrigerant which comes out of the expansion valve at state point 4 enters into the
evaporator and refrigeration effects produces in the evaporator.

The sub-cooling after the state point 3 increases the net refrigeration effect and

hence increases the COP of the vapor compression system.

A

-

P (kPa)

h (ki/kg)

Figure 1.2: Pressure (P)-Enthalpy (h) chart of simple VCR cycle

The subcooling techniques includes liquid vapor heat exchange, dedicated
meechanical subcooling, Integrated subcooling and ejector cooling etc. These
technologies increases the net refrigeration effect of simple VCR cycle and hence COP

of the simple VCR cycle increases.

The vast literature is available on the subcooling of simple VCR system using
different technologies. Out of these, integrated subcooling is rarely used by researchers.
Integrated subcﬁing to the simple VCR cycle increases the net refrigeration effect

produced in the evaporator of the main VCR cycle consequently, the COP of the main

VCR cycle enhances.
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Figure 1.3 Carbon dioxide emission from fossil fuels world-wide (Source:
www.earthpolicy.org)

Figure 1.4 Comparison of Ozone Depletion Potential (ODP) of various refrigerants
(Source: https://www.enggcyclopedia.com/2012/0 1/types-refrigerants/)




Table 1.1: Thermodynamic properties of RI134a and RI152a (Source:
www .intarcon.com/fr/refrigerante-r152a/)
S. No. Thermodynamic Properties R152a R134a
1. ASHARE safety class A2 Al
2. Auto ignition temperature 454°C -
3. Molecular weight (g/mol) 66 102
4. Combustion heat (kJ/mol) 1090 428
5. Boiling Point at standard -24.0°C -26.1°C
pressure
6. Lower flammability limit (% 4% ---
Vol)
7. Latent heat of vaporization at 307 199
-10°C, kl/kg
8. Volumetric cooling capacity, 1283 1293
kJ/m?
9. GWP (IPCC AR4) 124 1430

Table 1.1 illustrates the different thermodynamic properties of R134a and R152a. The
heat (latent) of vaporizati&of R152a is more than that of R134a and The GWP of
R152a is much lesser than that of R134a. The B.P. of R152a is lower than R134a. These

properties are considerable to use R152a in place of R134a.




CHAPTER 2
LITERATURE REVIEW AND RESEARCH GAP

The energy requirements are increasing with world-wide technological development.

The prosperity of a country is evalﬁed by its energy production and development.
Arora and S. C. Kaushik [1] had presented a described exergy analysis of an actual
vapor-compression refrigeration cycle. They compared the performance of refrigerants
R502,404A, and R507A. Observation had been made by them that the R507A perform
better than R404 A for the replacanent of R502.

Hwang and Jeong [2] observed the effects of the parameters of a refrigeration system
working with R600a on the éon-equilibrium subcooled two-phase flow of
refrigerant. They experimented to investigate the effects of the operating conditions of
the refrigeration system on the contents of the non-equilibrium vapor phase of R600a.
They found that the void fraction was changed by the system parameters in addition to
the pressure and temperature.

Bolaji [3] carried out an experimental study of R152a and R32 to replace R134a in a
domestic refrigerator. He compared the performance of R152a and R32 with the R134a.
He observeb that for refrigerant R152a and R134a pull-down time and design
temperature se&:y International Standard Organization (ISO) for a refrigerator (small)
were achieved than using R32. The average coefficient of performance (COP) obtained
for R134a was 4.7% lower than that of R152a while the average COP of R152a was
8.5% more than that of R32. For R152a, the energy consumed by the system is less. He
added that for all operating conditions, the performance of R152a was better th ose
of R134a and R32in the domestic refrigerator. Hence, in a domestic refrigerator, R152a
can be used as a replacement foﬁl 34a.

Sanchez gt al. [4] conducted an energy assessment of an indirect refrigeration plant of
R134a usiﬁRISZa and R12347¢(E) as refrigerants. They used refrigerants R134a in
direct and R152a and R1234ze(E) in the indirect system respectively. They concluded
that the increase (average) was 18.7% for R152a,27 2% forﬂ234ze(}3) and 21.8% for
R134a. They added that for the different refrigerants used, the refrigerant mass charge
was reduced by the adoption H an indirect system up to 62%.

Brendel et al. [5] reviewed vapor compression rcfriﬁration (VCR) in microgravity
environments. They provided a revision of existing literature for vapor compression

systems (VCS) operated in microgravity by outlining the history of vapor compression




devices in space and presenting performance data. Moreover, gaps in the literature have
been highlighted and open questions are posed based on the reviewed material. The
next steps of research are suggested to support and ultimately achieve reliable vapor
compression refrigeration (VCR) in space. Calculating equivalent masses for a fair
comparison of various microgravity cooling technologies is suggested by capturing
both energy consumption and used volume.

élavi et al. [6] presented techniques of power regeneration in the VCR plant for
upgrading already existing plants, main compressor, evaporator, condenser, and main
a&pansion valve are assigned for the characterization of each plant. They observed that
for a given main screw compressor the Coaand cooling power improved up to 80%
and 100% respectively. They added that for constant cooling power plants, main
compressor delivery was reduced to 50%, and COP increasingdp to 70%.

Humane et al. [7] carried out a comparison of the performance of low GWP refrigerants
for a miniature vapor compression system (VCS) integrated with enhanced phase
change material. They have compared the performance of %2342&:(1—3), R1234yf, and
R32and R290. They concluded that compared to R 134a, The reduction in system charge
withé32, R1234ze (E), R290, and R1234yf was 1%, 30%, 52%, and 11% respectively.
The change in COP was +8%, -3%, — 5% and — 12%, with R32,R290, R1234yf and
R1234ze (E), respectively. The revolutions per minute (RPMs) of the compressor were
1700, 2900, 2400, 900, and 2100 were R90, R1234ze (E), R1234yf, R32, and
R 134arespectively.
Khan and Zubair [8] worked on the design and rating of anﬂegrated mechanical-sub-
cooling vapor-compression refrigeration system. They developed thermodynamic
models of an integrated mechanical sub-cooling system to simulate the Eual
performance of the sub-cooling system. They predicted that the performance of the
integrated vapor compression refrigeration cycle was better than that of the simple cycle
using mechanical sub-cooling.

Zubair and Khan [9] carried out first and second-law-based thermodynamic analysis
of two-stage and mechanical-sub-cooling refrigeration cycles. Theﬁmalyzcd each
system component for their irreversibility losses. They compared theoretical results of
a two-stage refrigeration system performance with experimental values for a CFC-22

Jiang et al. [10] investigated a general model for two-stage vapor compression heat

system.

pump systems. They have also investigated eight different inter-stage configurations




based on this model. They concluded that the general model was capable of performing
performance analysis and comparison among different types of cycles, as well as the
refrigerant selection and operational analysis.

Haitao Hu et al. [11] carried out research paper presentation of the cooling system
through supplement integrated with VCR cycles for commercial aircraft model has been
proposed. Validated experiments with deviated cooling capacity had been also
presented by them.

Binbin Yu et al. [12] provided the replacement of R410A for the reduction of low GWP
in the environment. They had provided option many more for low flammable through
various mixtures of coolants for the achievement of the same required vaw‘ pressure.
They had also investigated that the blends of refrigerants applied in both air-
conditioning and heat-pump that could be equivalent to the properties of R410A. They
found four mixtures as coolants R410A having the same properties as vapor pressure.

Qiangyu Wen et al. [13] carried out the theoretical method for enhancing the
refrigerating capacity with the help of injection for the reduction of the energy stored
in the exhaust temperature of SSRC. They provided an accurate method to calculate
varied injection area. In addition to that, they also provide a mathematical model that
described the internal working process in the single screw refrigeration compressor
along with the effect of the liquid refrigerant injection.

B. Prasanna Nagasai et al. [ 14] they had presented an experimental investigation into
the efficiency of an integrated sub-cooling VCR device by adding a counter-flow tube
between compressor and condenser in a tube heat exchanger. The COP (performance
coefficient increased with condenser subcooling due to the tradeoff between reducing
compressor function and increasing cooling effect. To find the superlative increase in
COP with condenser sub cooling, thermodynamic properties related to refrigerant
effects such as latent vaporization heat and liquid specific heat were used to detect the
superlative increase in COP with condenser subcooling.

Justin P. Koeln and Andrew G. Alleyne [15] showed that substantial efforts have been
made to establish control strategies aimed at optimizing system performance while
providing the desired cooling, with vapor compression systems consuming a large
portion of the total U.S. energy consumption per year. Previous control methods,
however, underutilize a degree of freedom relating to the amount of refrigerant in the
device that is correlated with subcooling the condenser which can have a major effect

on system performance. An alternative system architecture that uses a receiver and an




external electronic expansion valve is used in this paper to provide independent control
of the subcooling of condensers. Simulation and experimental findings indicate that
there is an optimal subcooling that maximizes the performance of the system; but with

operating conditions, this optimal subcooling shifts.

The literature was collected from various sources i.e. Science Direct, Google School
and SCI Hub, etc., there is a large number of research papers available on vapor
compression refrigeration systems. Some research papers are on sub-cooling are also
found. However, very little research work has been carried out on integrated vapor

compression refrigeration systems having R134a and R152a.
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A simple vapor compression refrigeration system is widely used for the air-conditioning
and refrigeration purpose world-wide. The sub-cooling of refrigerant increases the
efficiency of the system [1]. The research studies reported various sub-cooling
techniques of vapor compression system in which integrated vapor compression
refrigeration technique is used by very few researchers as far as literature conc@ggged.
The present work presents performance improvement analysis of an integrated vapor
compression refrigeration system through sub-cooling. The present system consists two
vapor compression cycles. One is the main VCR cycle and other is a simple VCR cycle
whose qgggporator acts as sub-cooler. The evaporator of other cycle provides sub-
cooling to the main VCR cycle to enhance the performance of the main VCR cycle.
R152a and R134a are the refrigerants considered.

3.1 Description of System

L

Evaporator2 9

H£®%

A Condenser 1 <
4 I_ 2 L

Sub-cooler
;g r
o
>
a
o

Compressor 2
3 Compressor 1
Evaporator 1 1 >
———»
Figure 1 Block diagram of integrated vapor compression refrigeration (VCR)
system

Figure | shows the block diagram of integrated VCR system, It consists of two
VCR cycles. The main VCR cycle is in lower evaporator temperature circuit and the
other vapor compression refrigeration cycle is designated as cycle for subcooling is in
higher evaporator tcmperatu.@circuit. The two refrigeration cycles are integrated to

each other by a subcooler. The subcooler is the evaporator of the other cycle for




subcooling. The refrigerants considered in the cycles are R134a and R152a. The main
VCR cycle and the other cycle with subcooler are having same refrigerant at a time
during the operation.

The main VCR cycle comprises of, a compressor, a condenser, an evaporator
and an expansion valve and the sub-cooler cﬁc consists of an expansion valve, a
compressor and an evaporator designated as sub-cooler. The condenser of both the
cycles iﬁommon.

The sub-cooler sub-cools the liquid refrigerant which comes out the condenser
of the main VCR system. The sub-cooler couples the two cycles such that the heat
removed by the liquid refrigerant condensate of the main VCR system is absorbed by
the vapor refrigerant of the sub-cooler VCR cycle. No external heat rejection is
considered in the sub-cooler.

The refrigerant vapor which comes out from the evaﬁ'ator 1 of the main VCR
system goes into the compressor 1 at point of state 1. The high temperature and high
pressure refrigerant vapor goes into the condenser 1 at point of state 2 after
compression. The vapor refrigerant changes into the liquid refrigerant in the condenser
1. The condensate vapor of the main cycle leaving the condenser 1 and enters into the
sub-cooler at point of state 3. The condensate vapor of the main VCR cycle is subcooled
by the sub-cooler which increase the net refrigeration effect of the main VCR cycle.

The evaporator 2 of the sub-cooler cycle is also a sub-cooler. The liquid-vapor
refrigerant receives heat from the liquid condensate of the main VCR cycle in the sub-
cooler from point of state 9 to 6. The compressor 2 ﬁnprcsses the refrigerant vapor
from point of state 6 to 7. The high temperature and high pressure refrigerant vapor is
condensed by the condenser of the main cycle from point of state 2 to 3.

The liquid refrigerant leaving the condenser is expanded from point of state 4
to 5 & 8 to 9 by expansion valves of the main and sub-cooler cycle respectively. Finally,
the refrigerant vapor after expansion enters into the sub-cooler. In this way, the use of

a sub-cooler enhances the COP of the main VCR cycle.

3.2 Modelling of System
Thermodynamic analysis of expander incorporated vapor compression
refrigeration cycle has been carried out in the current presentation. Steady state

governing equations have been formed using the laws of thermodynamics i.e. first and




second laws. Energy, work and mass balances have been carried out for each
component of the system. An EES (Energy Equation Solver) software bases program

has been developed to solve the governing equation used in the analysis.

The COP of the integrated VCR system is given by the equation (1):

Qe
Weomp1+Weompz

COPoyeran = (D

Where Q, is the net refrigeration load of the evaporator 1 in kJ/s and Wmmpland

Weompz aﬁthe net compressor work of compressor 1 and 2 in kJ/s.
29

The The COP of the main VCR system is given by equation (2):

cop = —Q )

Weompa

The exergetic efficiency of the integrated VCR system is given by the equation (3):
n,. = COP « @)

(1-3)
Te

Where T, is the temperature (ambient) and Teis the evaporator | temperature in K.

The energy balance in the sub-cooler (evaporator 2) is given by equation (4).
mr,m (h3 - h4) = mr,sc (h{: - h9) 4)
Where mh,.,,, and 11, ¢ are the flow rate of mass of refrigerant flowing in main and sub-

cooler vapor refrigeration cycle in kg/s.

3.3 Assumptions
The following assumptions have been assumed for the thermodynamic analysis
and performance improvement of an integrated VCR system through sub-cooling [1].
e The evaportor temperature of main vapor compression refrigeration system has
range of variation -25°C to 0°C.
e Dry and saturated refrigerant vapor has been assumed at the entry of compressor
at point of state 1 and 6.
e The condenser temperature has range of variation 30°C to 50°C.
e Itisassumed that each component of the integrated VCR system has achieved
steady state.

e The degree of subcooling (DOS) has the range 1 to 19°C.
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A simple vapor compression refrigeration system is widely used for the refrigeration

purpose world-wide. The sub-cooling of refrigerant increases the efficiency of the
system [1]. The research studies reported various sub-cooling techniques of vapor
compression system in which integrated vapor compression refrigeration technique is
used by very few researchers as far as literature concerned. The present work presents
performance improvement of an integrated vapor compression refrigeration system
through sub-cooling. The present system consists two vapor compression cycles. One
is the main and other is a VCR cycle for subcoolingéhe evaporator of cycle for
subcooling provides sub-cooling to the main VCR cycle to enhance the performance of

the VCR cycle. Refrigerants R152a and R134a have been considered.

4.1  Methodology

The present work represents performance improvement of an integrated VCR system
through sub-cooling. It comprises a VCR system which has been integrated to a sub-
cooler of another VCR cycle. The evaporator of sub-cooler cycle has been used as a
sub-cooler of main VCR system. However, both the cycles have common condenser.
R134a and R152a are refrigerant considered. An Engineering Equation Solver program
has been developed to compute the various performance parameters i.e. COP and
exergetic efficiency. The analysis of performance parameters have also been carried out
varying the input parameters i.e. condenser temperature, evaporator temperature and

degree of sub-cooling (DOS).

42 Model Validation
The current work investigates performance improvement of an integrated VCR system
through sub-cooling and the comparison of performance of R134a and R152a. Model

validation has been done with [1].

Table 4 Input data for the analysis of integrated VCR system [1]
. s |

S.No. | Input variables Values

1. Temperature of evaporator 1 (Te) -25°%C




(To)

Dead state or Ambient pressure (Po) and temperature

2. Net refrigerating effect (Q, ) 35167kW
3. DOS (3-4) sc

4. Condenser temperature(T.) 45°C

5. Isentropic efficiency of compressor (Meomp1 Neompz) 80%

6. Subcooler effectiveness (ssc ) 0.8

7.

101.325 kPa &
25°C

4.3 Impact of Degree of Sub-cooling

The effect of DOS on the performance parameters COP, % increase in COP and

exergetic efficiency has been shown in Table 4.1 to 4 4 and Fig. 4.1 to 4.3.

Table 4.1: Variation in COP of the main cycle vs DOS for R134a and R152a

cop
Sl. No. Degree of Sub-cooling (DOS) (°C)

R134a R152a
1 1°¢ 1.193 2.07
2 3C 1.193 207
3 3¢ 1.193 2.07
4 7°C 1.193 2.07
5 9°C 1.193 2.07
6 11°C 1.193 2.07
7 13°C 1.193 2.07
8 15°C 1.193 2.07
9 e 1.193 2.07
10 19°C 1.193 2.07

Table 4.2 Variation in overall COP of integrated VCRS vs DOS for R134a and

R152a




Sl. Overall COP
X Degree of Sub-cooling (DOS) (°C)
0.
R134a R152a
1 1 2,094 2.213
2 3 2134 2.244
3 5 2174 2.276
4 7 2214 2.307
5 9 2253 2.338
6 11 2293 2.37
7 13 2333 2.401
8 15 2372 2.432
9 17 2411 2.464
10 19 2451 2.495
2.6
—e—R134a T.=-25°C, T, = 45°C, Q. = 3.5167kW
—=-—R152a
25 _a
/"'J’ 1
L /
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Figure 4.1 Effect of DOS on overall COP of the main VCR system
Table 4.2 and Figure 4.1 show the effect of DOS on overall COP of the main VCR

cycle. The magnitude of overall COP increments with the increase in DOS. It is also

noted that the magnitude of overall COP for R152a is more than that of R134a.




Table 4.3 Variation in % increase in COP of main VCR cycle vs DOS for
R134a and R152a

SI. % increment in COP
No. Degree of Sub-cooling (DOS) (°C)
R134a R152a

1 1 9438 6.894
2 3 1142 8.334
3 5 13.27 9.677
4 7 1498 1092
5 9 1653 12.04
6 11 1792 13.06
7 13 19.14 1395
8 15 20.19 14.72
9 17 21.05 1536
10 19 21.72 1587




25

—e—R134a
—=®-—R152a

Te =-25°C, T = 45°C, Qe = 3.516TKW

20

% increase in COP

4 74 10 13 16 19
DOS (°C)

Figure 4.2 Effect of DOS on % increase in COP of the main VCR system
Table 4.3 and Figure 4.2 depict the effect of DOS on percentage increase in COP. The

magnitude of % increase in COP increments with the increase in DOS. It has been noted

that the magnitude of % increase in COP is more for R134a than that of R152a.

Table 4.4 Variation in exergetic efficiency of main VCR cycle vs DOS for
R134a and R152a
Exergetic efficiency
::]-. Degree of Sub-cooling (DOS) (°C) (Mexergetic)
R134a R152a
1 1 0.5284 0.5166
2 3 0.5267 05152
3 5 0.5246 0.5136
4 7 0.5222 05117
5 9 0.5194 0.5096
6 11 0.5163 05072




7 13 0.5127 0.5046

3 15 0.5088 0.5016
9 17 0.5045 0.4983
10 19 0.4998 0.4947
0.53
—_ Te=-25°C, T, = 45°C, Qe = 3.5167kW —e—R134a
0525 '\_ —=—R152a

0.52 \'\,
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Figure 4.3 Exergetic efficiency (1.xergeric) VS D&ree of sub-cooling (DOS)

Table 4.4 and Figure 4.3 predict the variation in exergetic efficiency of main system
with DOS. The magnitude of exergetic efficiency decreases with increment in degree
of sub-cooling. It has also been noted that the magnitude of exergetic efficiency is more

for R134a than that of R152a.

4.4 Impact of temperature of Evaporator
The impact of temperature of evaporator on the performance parameters COP, %
increase in COP and exergetic efficiency has been shown in Table 4.5 to 4.8 and Fig.

44t046.

Table 4.5: COP of the main system vs temperature of evaporator (T.) for R134a
and R152a




copP
Sl. No. Evaporator Temperature (Te) (°C)

R134a R152a
1 -25 1.913 2.07
2 -20 2.165 2.327
3 -15 2461 2.63
4 -10 2814 2.989
5 -5 3239 3.423
6 0 3.762 3.955

Table 4.6: Overall COP of the main system vs temperature of evaporator (T.) for

R134a and R152a

Overall COP
Sl. No. Evaporator Temperature (Te) (°C)

R134a R152a
1 -25 2.174 2.276
2 -20 2431 2.538
3 -15 2.734 2.846
4 -10 3.096 3.213
5 -5 3534 3.657
6 0 4074 4.203
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—+*—R134a DOS = 6°C, T, = 45°C, Q. = 3.516TkW
—=®-—R152a
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Te (°C)
Figure 4.4 Impact of temperature of evaporator (T.) on overall COP of main
VCR system
Table 4.6 and Figure 4.4 represent variation in overall COP vs temperature of
evaporator. The value of overall COP of main VCR cycle increments with increment
in evaporator temperature. It has been noted that the magnitude of overall COP is more

for R152a than that of R134a.

Table 4.7: Variation in percentage increase in COP of the main cycle vs

evaporator temperature (T.) for R134a and R152a

% increase in COP
Sl. No. Evaporator Temperature (T.) (°C)

R134a R152a

1 -25 13.27 9.677
2 -20 11.89 8.742
3 -15 10.66 7.893




4 -10 0547 7.124
-5 8.554 6.426
6 0 7.662 5.793
14
DOS = §°C, T. =45°C, Q. = 3.5167kW —s—R134a
—s=—R152a
12

% increase in COP
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Figure 4.5 Y%increase in COP of the main VCR system vs temperature of
evaporator (T.)
Table 4.7 and Figure 4.5 predict the impact of temperature of evaporator (T.) with
increase in % increase in COP of the main VCR system. The magnitude of % increase
in COP increments with increment in temperature of evaporator. It has also been noted
that the magnitude of % increase in COP is more for R134a than that of R152a.

Table 4.8: Exergetic efficiency (9.xergeric) ©0f the main VCR system vs

temperature of evaporator (T.) for R134a and R152a

Exergetic efficiency

Sl.No. Evaporator Temperature (Te) (°C) | (Mexergetic)

R134a R152a

1 -25 0.5246 0.5136




o3 220 0.5075 0.4967
3 -15 0.4868 0.476
4 -10 04614 0.4507
5 -5 0.4301 0.4193
6 0 0.3909 0.3799
0.56
DOS = 5°C, T = 45°C, Q. = 3.5167kW —e—R134a
—=—R152a
0.52
£ 048
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Figure 4.6 Temperature of evaporator (T.) vs exergetic efficiency (7eyergeric) Of

main VCR system
Table 4.8 and Figure 4.6 show the impact of temperature of evaporator (T.) on exergetic
efficiency (Mexergeric) - The magnitude of exergetic efficiency decreases with increment
in temperature of evaporator (Te). It has perceived that the magnitude of exergetic

efficiency is more for R134a than that of R152a.

4.5 Impact of temperature of condenser
The impact of temperature of condenser on the performance parameters COP, %
increase in COP and exergetic efficiency has been shown in Table 4.9 to 4.12 and Fig.

47t0409.




Table 4.9: COP of the main system vs temperature of condenser (T.) for R134a

and R152a
cor
Sl. No. Condenser Temperature (Tc) (°C)
R134a R152a
1 2759 2.888
30
2 2436 2.573
35
3 2.157 2.304
40
4 1913 2.07
45
5 1.696 1.864
50

Table 4.10: Overall COP of the main system vs temperature of condenser (T.) for

R134a and R152a

Overall COP
Sl. No. Condenser Temperature (T.) (°C)

R134a R152a
1 30 3.001 3.081
2 35 2.682 2.769
3 40 241 2.504
4 45 2.174 2.276
5 50 1.967 2.076
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Figure 4.7 Overall COP of the main system vs temperature of condenser (T.) for

R134a and R152a

Table 4.10 and Figure 4.7 depict variation in overall COP with condenser temperature.

The value of overall COP of main VCR cycle decreases with increment in temperature

of condenser. It is perceived that the magnitude of overall COP is more for R152a than

that of R134a.

Table 4.11: Variation in percentage increase in COP of the main cycle with

condenser temperature (T¢) for R134a and R152a

Sl. No. Condenser Temperature (T.) (°C)

% increase in COP

R134a R152a
1 30 833 6.364
2 35 9.708 7.317
3 40 11.34 8.394




4 45 13.27 0.677
5 50 15.59 11.12
16
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Figure 4.8 Temperature of evaporator vs % increase in COP of the main VCR

system

Table 4.11 and Figure 4.8 illustrate the impact of temperature of condensser on %

increase in COP of main VCR circuit. The magnitude of % increase in COP increases

with increment in temperature of condenser. It has also been perceived that the

magnitude of % increase in COP is more for R134a than that of R152a.

Table 4.12: Exergetic efficiency (#.xergeric) of the main VCR system vs

temperature of condenser (T.) for R134a and R152a

Sl. No. Condenser Temperature (Tc) (°C)

Exergetic efficiency

(nexergetic)

R134a

R152a




1 30 0.633 0.6271
2 35 0.5888 0.5814
3 40 0.5533 0.5442
4 45 0.5246 0.5136
5 50 0.5015 0.4884
0.64
DOS =5°C, Te = -25°C, Qe = 3.5167kW —e—R134a
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Figure 4.9 Exergetic efficiency (7)oy.,geric) Of the main VCR system vs temperature

of condenser (T) for R134a and R152a
Table 4.12 and Figure 49 show the impact of temperature of con%nser (Tc) on

exergetic efficiency (fexergeric) - The magnitude of exergetic efficiency decreases with

increase in condenser temperature. It has perceived that the value of exergetic efficiency

(nexergetir) is more for

R 134a than that of R152a.




CONCLUSIONS AND FUTURE SCOPE

In this work, the present work illustrate performance improvement of an integrated

vapor compressionﬁrigeration system through sub-cooling. The performance analysis
of integrated VCR system has been carried out. An Engineering Equation Solver (EES)
program has been prepared and used to compute the results of the analysis. The effect
of input parameters ie. subcooling degree (DOS), temperature of evaporator and
temperature of condenser has been investigated on the performance parameters i.e.
overall COP, percentage increase in COP and exergy efficiency. Following are the
concluding remarks of the present analysis.
e The magnitude of overall COP of the integrated VCR system enhances with
sub-cooling.
e The overall COP of the integrated VCR system is more than that of main VCR
system.
e The percentage increase in COP is 9.438 to 21.7 for R134a and 6.894 to 15.87
for R152a.
e R152a performs better than that of R134a regarding COP of the system.
e R152a may be a substitute of R134a.

Future Scope:
e The exergy investigations of the integrated VCR system may be carried out.
e Costinvestigations of integrated VCR system may be carried out.

e Exergy-economic investigations of integrated VCR system may be carried out.
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