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INTRODUCTION

refrigerant from Halofluorocarbon (HFC) group. This refrigerant though have a zero-ozone
depletion potential (ODP) but has high global warming potential (GWP). When it is released
into the atmosphere so many environmental issues like acid rains, global warming, etc., result.
Therefore, HFC group refrigerants should be banned in the coming years based on the Kyoto
Protocol. So, in the present research work, theoretical analysis was carried out to investigate
the properties of different low GWP refrigerants and their mixtures from different groups in
the perspective of the replacement of R-134a in a domestic refrigerator. The most promis-
ing direct substitutes identified from this work are three refrigerants namely R513A, R513B
and R515A. The results revealed that COP and the Exergetic efficiency of refrigerant R513A
and R513B are on par with R134a with a slight difference of 5.6%, which decreases with the
increase in evaporator temperature. The total efficiency defect is more for R513A, R513B fol-
lowed by R515A and R134a, with a negligible difference. So, it is concluded that refrigerants
R513A & R513B can be directly used as an alternative to R134a, but when using the R515A
system needs some modifications.
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investigation of low GWP refrigerant mixtures as an alternative to R-134A in a domestic re-
frigerator. Sigma J Eng Nat Sci 2023;41(5):969-979.

1989. It mainly focuses on the substances that diminish

The problem of ozone layer depletion was identified
first in the 1970s. A rapid decrease in the total volume of
ozone at about 4% per decade has been observed in the
Earth’s stratosphere, which is quite large when looking
at a global scale. By the advice of the scientific commu-
nity, the Montreal Protocol came into force on January 1,
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the ozone layer. It has been ratified by all the countries of
the world by prescribing timed targets to reduce the use of
chlorofluorocarbons (CFCs) and hydrochlorofluorocar-
bons (HCFCs) since 1 mole of CFC can deplete 1,00,000
ozone molecules. It was decided in 1994 to reduce the use
of CFCs and halogens to 80% of the 1986 levels and the
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target fixed was to reduce up to 50% from 1999 onwards.
Several amendments have been made to the original treaty
and now the list of compounds harmful to the ozone layer
has been expanded to include the use and production of
carbon tetrachloride, trichloroethane, methyl bromide, and
hydro-fluoro-bromo-carbons.

Third-generation refrigerants have been developed
with a focus only on the aspect that they should not have
any effect on the ozone layer. The representative of these
classes of refrigerants is hydrofluorocarbons (HFCs), which
are a class of synthetic organic compounds that mainly
contain fluorine, hydrogen, and carbon. Examples of this
type of compound include difluoroethane (R152a), tetra-
fluoroethane (R134a), etc. In addition to the property of
its benign nature on the ozone layer, the development of
HEFC refrigerants has led to the development of chemical
research in the field of fluorocarbon-free chemicals that
have been recognized as the next generation of refrigerants.
Since HFC refrigerants do not affect the ozone layer, they
have replaced CFCs as refrigerants in most applications
like refrigerators, air conditioners. The application of R12,
which is used in vehicle air conditioning, has been replaced
by R134a. But recent research on the behavior of refriger-
ants in the atmosphere has revealed that HFCs, although
they do not affect the ozone layer, are themselves evolved as
a potent greenhouse gas. In 2006, the European Parliament
decided to phase out the use of HFC refrigerant gases from
2017 onwards. In addition to the European Union, the US
has also decided to limit the use of R134a from 2016 to
meet the Kyoto Protocol requirements. The industries also
experimenting with hydrocarbons (HCs) as refrigerants,
particularly with the development of the hydrocarbon com-
pressor. Hydrocarbon blends, especially R600a, are widely
used in North America in domestic refrigerators. Although
there is a concern about flammability, the small amount of
charge required is the main point in its favor.

The Indian refrigeration and air conditioning area have
a long history of a century ago. India at present produces
refrigeration and air conditioning units abundantly with
hydrocarbon-based refrigerants R134a, R22, and R717.
Since 2002, the usage of CFC refrigerants in new systems
has been discontinued. The selection of a refrigerant for a
specific application mainly depends on the availability and
cost. Halogenated refrigerants like R717, R134a, and R12
are available at a cheaper cost. Right now, the combination
of HCs and HFCs, for example, R410a, R407, and R404a
are not manufactured in India and thus should be imported
which increases the cost. In India, the growth of refrigera-
tion and air condition sectors will be hampered due to the
non-availability of these refrigerants. This will probably
influence the development of the refrigeration systems in
India and the absolute transformation to green alternatives
shortly. It has been noticed as of late that R134a refrigerants
contribute to increasing global warming since they con-
tain fluorine in the structure of the atom. In this manner,
R134a has been viewed as an ozone-depleting substance

because of its remarkable impact on environmental change.
The release of such greenhouse gases has unpredictable
consequences on the thermal balance of the earth, such as
an increase in ambient temperature. The HFC refrigerants
have a high GWP when compared with CO,. The release of
HFC gas to the atmosphere contributes 1000 to 3000 times
more global warming than the release of one kg of CO,.
Most vapor compression refrigeration (VCR) systems con-
tinue to use halogenated refrigerants in developing coun-
tries like India. They have environmental issues like ODP
and GWP that cause health risks for both humans and ani-
mals. Based on these observations it is felt that there is an
urgent need to find alternative refrigerants which have a
low ODP and GWP in view of replacement of halogenated
refrigerants.

Many researchers have tried to identify suitable refrig-
erants from different groups in the perspective of replace-
ment to R134a in a domestic refrigerator.Nielsen et al. [1]
showed that R1234yf has good environment properties,
zero ODP and its atmospheric lifetime is 11 days, in the
span of 100 years’ time reference of low GWP refriger-
ants. Navarro-Esbri et al. [2] led an investigation on HFO
refrigerant R1234yf in a refrigerator that is running with
R-134a. From those results, it was concluded that the COP
is approximately 20% lower and refrigerating effect is about
9% higher when compared to R-134a. But these differences
were drastically reduced by using an liquid suction heat
exchanger (LSHX). Zillio et al. [3] performed an exper-
imental investigation with HFO-1234yf in a small-sized
mobile air conditioning system and from the investigation,
it was resolved that COP and cooling capacity of R1234yf
displays a marginal change in its value as related with
R134a. Mohan raj et al. [4] performed theoretical research
on the chance of utilizing hydrocarbon refrigerants like
R152a, R600, R290, R1270, and R600a as a stand-by refrig-
erant to R-134a in home refrigerators. In that analysis, COP,
compressor pressure ratio, outlet temperature, and power
consumption of a compressor were considered as perfor-
mance parameters. From the results, it comes to know that
by using pure HC refrigerants there is a mismatch in sat-
uration properties which may require compressor change,
hence those were not suitable to replace R134a. The refrig-
erant R152 exhibits the same saturation properties as that
of R134a, and hence the same compressor can be used with
that refrigerant. Aprea et al. [5] led an experimental inves-
tigation with refrigerants R134a, R1234yf, and a refrigerant
blend of R1234yf/ R134a (90/10 percentage by weight) in
a household refrigerator. From those results, the refriger-
ant mixture has the closest behaviour to that of R134a in
terms of temperatures and pressures. Furthermore, the
cycle working with the optimal charge of the mixture shows
an energy saving of 16% and 14% with respect to R134a
and R1234yf, respectively. By comparative study, Golzari
et al [6] concluded that in an air conditioning system the
refrigerant R1234yf showed a more exergetic efficiency
contrasted with R134a.
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Rasti et al. [7] did an investigation using refrigerants
R600aand R436a (which consists of 46% of iso-butane &
50% of propane) in a home refrigerator in place of R134a.
From that experiment, they concluded that the power
consumption of various refrigerant compressors at the
various charges was declined by about 15%, 8% respec-
tively. Meng et al. [8] led an examination on automobile
air conditioning (AAC) system with the refrigerants like
R134a and the blend of R134a/R1234yf in a proportion of
11:89, by mass. The new refrigerant mix has been reported
to have approximately 5-15% lower COP in heating and
5-10% lower COP in cooling mode. Hasheem, S.M et. al.
[9] performed a theoretical analysis of different refriger-
ant mixtures as a stand-in to R134 in the refrigerator, and
from that analysis, they concluded that R152A/ R1234ze
(E) (50:50 by mass) can be utilized as an immediate trade
for R134a without rolling out any improvements to the
compressor. Shaik, M.H et al [10] led a theoretical study
on different refrigerants as a replacement to R134a in a
refrigerator. From that investigation, they concluded that
the R1234yf can be used as standby to R134a without any
changes to the existing refrigerator. Bilen et al. [11] inves-
tigated theoretical analysis on automobile air conditioning
systems using R152a, R22, and R12 to find out alternatives
to R134a. From the results, they reported the performance
does not change significantly by using R152a as compared
with R134a. Righetti et al. [12] did an investigation and
compared the outcomes of R1234yf and R600a with R134a
at different mass flow rates and different evaporation tem-
peratures. He found that all the refrigerants are acceptable
for a direct substitute in place of R134a. Lee et al. [13] rec-
ommended that the combination of R1234yf/R134a can
be used in different applications with some adjustments,
where R134a is used as a refrigerant. Their outcome rec-
ommended that the R1234yf / R134a mixture has a similar
compressor outlet pressure, COP, and cooling capacity as
compared with R134a.

Meng et al. [14] conducted a thermodynamic investiga-
tion of a refrigerator with different refrigerant mixtures like
R1234ze (E) and a mixture of R1234ze (E) & R152a in dif-
ferent proportions and R152a without any modification in
the system. From that analysis, they concluded that R152a
and R152a and R1234ze(E) in the proportion of 50:50 gave
better results in a refrigeration system. M.M. Joybari et al.
[15] performed a second law analysis to find the optimal
load of R600a used as a stand-by to R134a, the optimum
load required for HC-600a was 0.050kgand 65% lower than
R134a. Hasheer, S.M. et. al. [16] led an investigation theo-
retically with the refrigerants R1234yf, R152a, and HFCs /
HFOs group refrigerant mixtures such as ARM42 (a mix-
ture of R134a/R152a/R1234yf in the ratio of 8.5/14 /77.5
by mass), ARM42a ( a mixture of R134a/R152a/R1234yf in
the ratio of 7/11/82 by mass) with a view of replacement
of the refrigerant R134a in a domestic refrigerator. From
that investigation, they conclude that among the refriger-
ants ARM42 and ARM42a, the refrigerant ARM42a was

selected as a good alternative for R134a because of the
volumetric cooling capacity (VCC) and COP of ARM42a
were almost equal to R134a. Therefore, ARM42a had a bet-
ter choice of the direct substitute to R134a in a domestic
refrigerator. Shaik, M.H et al. [17] conducted a theoretical
investigation on eco-friendly refrigerant mixtures ACS5,
R430A, and R440A as a replacement to R134a in a domes-
tic refrigerator. It was found that the average COP of R440A
and R430A was higher by approximately 2.5% and 1.47%
than R-134a. However, the COP of AC5 was 6.1% lower
than that of R134a. The VCC of R430A is almost equal to
R134a. The results also showed that the refrigerants AC5,
R440A, and R430A consume less power than R134a. The
compressor outlet temperature with R440A, AC5 provides
higher values than R-134a, which affects the compressor
life. The best overall performance was achieved with the
refrigerant R430A in the household refrigerator and sug-
gested as an alternative to R 134a. El-Morsi.M et al. [18]
led an investigation theoretically using pure natural refrig-
erants as a substitute for R134a in a refrigerator. The out-
comes showed that the isobutane gives a higher COP of 5%
and liquefied petrol gas (LPG) refrigerant provides a lower
COP by 11% than R134a. Bhatkar V.W [19] experimented
with R134a and 152a in an aluminium micro-channel con-
denser domestic refrigeration system. It is demonstrated
that the refrigerant charge of R152a has been decreased by
40%, contrasted with R134a.

Grauso et al.[20] found that local heat transfer coef-
ficient for refrigerants R1234ze (E) and R134a were very
similar during flow boiling, especially at medium and
high saturation temperatures. However, for the refriger-
ant R1234ze (E) heat transfer coefficient falls more at low
vapour qualities. Adiabatic pressure drop of R1234ze (E)
is slightly higher than that obtained for R134a. Makhnatch
et al. [21] examined the performance of R450A, which is
a mixture of R134a / R1234ze (E) (42/58% by mass) as a
substitute for R134a in domestic refrigerators. The cool-
ing effect and COP of the refrigerant mixture were found
to be approximately 10% and 3% lower than R134a. At the
same time, the compressor outlet temperature is lower than
that of R134a. Gaurav et al. [22] carried out energetic and
exergetic computational analyzes of R1234yf, R1234ze and
R134a and their blends with different proportions in the
domestic refrigerator. From that research, they concluded
that 38% of R1234ze, 40% of R134a and 22% of R1234yf
refrigerant mixture is a better substitute to R134a.

From the above literature review, it is coming to know
that even though most research was done to find alternative
refrigerants much of the works were confined to identify
alternatives from groups only and a combination of mix-
tures of refrigerants from different groups has not been
tried extensively. Hence it is strongly felt there is an urgent
need to analyze the properties of mixtures of refrigerants
from different groups to find alternatives to R134a to fill the
research gap in this area.
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Selection of Alternative Refrigerants in Place of R134a in

a Domestic Refrigerator
In earlier days, the HFC refrigerant R134a was used as

a standby refrigerant in a domestic refrigerator to replace
R12. It has been noticed as of late that R134a refrigerants
contribute to increasing global warming since they contain
fluorine in the structure of the atom. In this manner, R134a
has been viewed as an ozone-depleting substance because
of its remarkable impact on environmental change. Usually,
the refrigerant blends can be classified as:

o Azeotropes: A blend comprising of at least two refrig-
erants with comparable boiling points that act as a sin-
gle fluid. The parts of azeotropic blends don’t separate
under ordinary working conditions and can be charged
as vapor or liquid.

o Zeotropes: It is a mixture of liquid components hav-
ing a different boiling point. Since it is the opposite of
an Azeotropic mixture can be called a non-azeotropic
mixture.

Some of the alternatives analyzed in this work are

o R513A: It consists of a mixture of 56% of R1234yf and
44% of R134a, it is an azeotropic blend with no tem-
perature glide.

o R513B: It consists of 58.5% R1234yf and 41.5% R134a.
This is an azeotropic mixture. This has been developed
for chiller applications typically covered by R134a.

e R515A: It is a mixture of 88% R1234ze(E) and 12%
R227ea which is non-flammable with the ASHRAE
safety classification Al. Its GWP value is 387.

Using REFPROP software different properties of
selected refrigerants are obtained and listed in Table 1 for
comparison.

From the previous table, it was concluded that the
selected refrigerants have low GWP values when compared
to R134a.

Thermodynamic Analysis of Refrigerants Mixtures
Theoretical modeling is one of the most widely

accepted practices to study the performance of VCR sys-

tems. This research deals with the performance evaluation

Table 1. Salient features (Properties) of selected Refrigerants
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Figure 1. Refrigerator with LSHX.

of a domestic refrigerator operating on a VCR system with
the conventional refrigerant R134a and with different
above-mentioned alternative refrigerants. The entire anal-
ysis is carried out by providing different condenser and
evaporator temperatures. The schematic diagram showing
the domestic refrigerator along with liquid suction heat
exchanger (LSHX) is shown in Figure 1.

Data used for this investigation is given below. The
results are plotted as shown in the Figures3 to 14.

1. Condensing temperatures: 313K and 323K
Evaporating temperatures: 223K to 273K
Evaporator pressure loss: 0.03MPa
Condenser Pressure loss: 0.02MPa
Isentropic efficiency of a reciprocating compressor:
0.70
Compressor volumetric efficiency: 0.75
Compressor Speed: 30 rev/sec
Compressor swept volume: 8.16cm3/rev
Effectiveness of the heat exchanger: 0.6

10 Ambient state temperature (To): 298K

In this Analysis, it was taken that the refrigerant enters
the compressor in the superheated vapor condition. Then it
is compressed to a higher pressure and from there it passes
through the condenser. The pressure losses take place in
the condenser, and the refrigerant leaves in a liquid state
without undergoing any sub-cooling. Now the refrigerant

AN

© % N

Properties R134a R513A R513B R515A
Safety group Al Al Al Al
Toxicity NO NO NO NO
Critical temperature, °C 101.01 97.7 95.5 108.6
Critical Pressure (kPa) 4060 3700 3660 3555
Boiling point, (BP) °C) -26.1 -28.3 -29.2 -18.75
Liquid density at 35°C (kg/m?) 1206.7 1121 1131 1185
Lubricating oil POE POE POE POE
ODP 0 0 0 0

GWP 1430 570 596 387




Sigma J Eng Nat Sci, Vol. 41, No. 5, pp. 969-979, October, 2023 973
N\
I:I &Tsub T
|
| /_\
pressure ., 28 2
drop in I
the
condenser®" — — —
4 3
P(Mpa)
5 o Tp:r;sure drop
- in the evaporator
‘ ATep .
|
N
rd
h(ki/kg)
Figure 2. Pressure-enthalpy diagram of a refrigerator with LSHX.
passes to the expansion valve where it undergoes a throt- 0. = m.Q, = m,(hg—hs) kW (4)
tling process with a reduction in pressure. Now the refriger-
ant passes to the evaporator where again it suffers pressure The COP of the refrigerator can be stated as:
loss. The P-h chart showing the various processes taking
place in the components of a domestic refrigerator along Q. = m.Q, = m,(hg—hs) kW (5)
with pressure losses occurring at condenser and evaporator
is shown in Figure 2. The Volumetric Cooling Capacity is given by:
To find out the thermodynamic properties at different
states REFPROP software is used. To accept these refriger- Quor = (he = hs) XMy /vy KJ/m® (6)

ants as a standby to R134a in a refrigerator, the performance
characteristics such as Compressor power consumption,
COP, Pressure ratio, VCC, and Compressor discharge tem-
perature are evaluated.

Energy Analysis
The pressure ratio of a refrigerator can be expressed as:

» = Feona /Pevap_act (1)

The compressor power consumption is given by:

M/comp =m, (h, — hy) kW (2)

Where h, = hy + (hys — hy) /Migen (3)

The cooling capacity is given by:

Where v1 be the specific volume at entry to the com-
pressor. The mass flow rate of a refrigerant) is given by:

m, = Vg X py X RPM X1,0,/60 kg/s (7)

Where RPM = speed of the compressor, Vs =
Displacement of the compressor
p; = density of the refrigerant at the compressor inlet.

Exergy Analysis

Exergy investigation can assist with distinguishing and
evaluating the source of irreversibilities of every compo-
nent of the system. separately This methodology depends
on the second law of thermodynamics. The exergy balance
is given by:
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E =Yy, 9)

Ee = ZOUT mg (10)
EP = %(0; ) (11)
e= (h—T,S) — (hog— ToSo) (12)

Where

E, = exergy rate at the inlet of control volume (kW)

E, = exergy rate at the exit of control volume (kW)

E9 = thermal exergy flow rate in the jth component
(kW)

W; = Rate of work transfer of jth component of the sys-
tem (kW)

ED, = Rate of Exergy destruction in j** component (kW)

QJ = Rate of heat transfer in j* component

T, = ambient state temperature (K)

Exergy destruction rate can be represented by ED which
can be calculated by

ED = Y(mey)in — X(mey)oue + 2 Q (1 - %)
2Q(1-%) +w

m

(13)
Exergy destruction in Evaporator is given by

ED, = 1,(hy — ToS4) + Qe (1 — Ty /T;)) — mr(hg — Ty Se) (14)

Exergy destruction in Compressor is given by

EDComp =m,T,(S; — 51) (15)
Exergy destruction in Condenser is given by
EDcong = my(hy = ToS,) — 1y, (hy — TyS3) (16)

Exergy destruction in the Throttle valve is given by

ED, = m,(hs — TySs) — it (hg — TySs) (17)

Exergy destruction in internal vapour heat exchanger is
given by

EDpgpy = 11, ((hs — hs + hg — hy) = T,(S5 — S5 + S6 — 1)) (18)

ED; is the total exergy destruction in the system is
given by

EDT = EDe + EDt + EDLShX + EDCOTLd + EDCOmp (19)

Exergetic Efficiency (nex)

For a home refrigeration system, the main objective is,
heat to be removed from the objects which are to be cooled
and placed in the evaporator by the refrigerant at a tem-
perature T, and minimum exergy is essential to accomplish
this task.

_ COP of VCR _ cop
Nex = COP of Reversible Refrigerator  COPypy (20)
EDR = —1
EDmin (21)
Exergy efficiency is given by
Q-G
Nex = Weomp (22)

Exergy Destruction Ratio (EDR)

The total exergy destruction rate in the VCR system to
the minimum exergy rate is defined as Exergy destruction
ratio (EDR) and is given by

E
EDR = — T _ COP of VCR 1

E ~ cop of Reversible Refrigerator
e

(23)

EDR can also be represented in terms of Exergetic effi-
ciency i.e.

Exergy destruction ratio = (ni) — "
ex

Efficiency Defect (8j)

Efficiency defect is defined as shows how much input
energy is wasted due to irreversibility present in the vari-
ous components. It is defined as the ratio between the rates
of destruction of the exergies in the J™ component to the
actual exergy consumed (i.e. actual work of the compres-
sor) and is given by

(25)

RESULTS AND DISCUSSION

The performance of the refrigerator is going to be
influenced by evaporator and condenser temperature. The
performance parameters, Exergetic efficiency, EDR, and
Efficiency defect of different components are evaluated
at two condenser temperatures of 40° C and 50°C and the
results are plotted.
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Variation in Compressor Power Consumption, Cooling
Capacity with Respect to Evaporator Temperature

The Compressor power consumption and cooling
capacity variation with evaporator temperature for dif-
ferent refrigerants discussed in this analysis are shown in
Figures 3 and 4 respectively at a condenser temperature of
40°C and 50°C. As the evaporator temperature increases,
the amount of heat to be extracted increases, and hence
the cooling capacity also increases. The trend depicted by
refrigerant R515A is nearer to the refrigerant R134a. The
power consumption of the refrigeration system increases
due to an increase in the refrigerant mass flow rate when
the evaporator temperature increases. At the chosen con-
denser temperature the compressor power consumption of

70 —m— R134A AT Tc=313K|

—#— RO13A AT Tc=313K|
—&— R513B AT Tc=313K|
—¥— RO15A AT Tc=313K
—#— R134A AT Tc=323K|
| RO13A AT Tc=323K]
—»— R513B AT Tc=323K|
—®— RS15A AT Tc=323K|

65
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o 50
45 4
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354
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T T T T
255 260 265 270
Evaporator Temp(K)

Figure 3. Compressor power consumption vs Evaporator
temperature.
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Figure 4. Cooling capacity Vs Evaporator temperature.

the refrigerants R513A, R513B, and R515A was lower than
the refrigerant R134a.

COP Variation with Evaporator Temperature

Figure 5 displays the deviation of COP with Evaporator
temperature for different refrigerants discussed in this
analysis. R134a shows most noteworthy COP among all the
refrigerants, followed intently by R513A and R513B which
gives practically the same COP. The refrigerant R515A
shows lesser COP than R-134a. As the condenser tempera-
ture rises, pressure proportion builds causing compressor
work to increase and at the same time refrigerating effect
decreases, consequently COP decreases. The refrigerants
R513A, R515A shows a more COP value as compared with
R134a approximately byl1.5%-8.5% and 5%-12% respec-
tively at a condenser temperature of 40°C and 50°C.

4.5

—8— R134A AT Tc=313K]
—#— R513AAT Te=313K]
—h— R513B AT Tc=313K
—¥— RE15A AT Te=313K]
—#— R134AAT Tc=323K]
—— R513AAT Tc=323K|
P R513B AT Tc=323K
—— RE15A AT Te=323K]

4.0+

3.5 1

o
Q 3.0
@]

2.5

T T T
260 265 270

Evaporator Temp(K)

Figure 5. COP vs Evaporator temperature.

Deviation of Exergetic Efficiency with Evaporator
Temperature

The Exergetic efficiency variation with Evaporator
temperature is presented in Figure 6 at a condenser tem-
perature of 40°C and 50°C. As the evaporator temperature
increases exergetic efficiency gradually decreases and this
change is attributed to two parameters (ref equation 22).
The first parameter is exergy flow in the evaporator i.e.
Q (1 - TQ/ Tr), as the evaporator temperature rises, the
cooling effect Q rises. However, the term (1 — TQ/ Tr),
diminishes since Tr reaches To. The Second parameter is
compressor power, which decreases as the evaporator tem-
perature increases. The effect of Qc and Wc is to rise the
exergetic efficiency as opposed to the decreasing effect of
(1 =TQ/ Tr). The result of these two parameters is to rise in
the exergetic efficiency up to the maximum point and the
evaporator temperature corresponds to this efficiency is the
optimum evaporator temperature. Beyond which it reduces
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the exergetic efficiency. Exergetic effectiveness of R134a is
1.4% and 0.5% more than R513A at 40°C and 50°C, having
least contrast at more evaporator temperature and 5.6%,
1.8% higher than R515A at lower evaporator temperature.

Deviation of EDR with Evaporator Temperature

The variation of EDR with Evaporator temperature is
presented in Figure 7 at different condenser temperatures
of 400 C and 500C and it can be shown by equation 23.
As the evaporator temperature rises, the refrigerant R513A
shows a more value of EDR as compared with R134a, and
this change falls in the range of 10.7-9% and 8.3-13.3% at
the above-mentioned condenser temperatures. The below
shows that the exergy destruction ratio gradually increases
as evaporator temperature increases.

—m— R134A AT Tc=313K
—&— R513A AT Tc=313K
—&— R513B AT Tc=313K
—v— R515A AT Tc=313K
—&— R134A AT Tc=323K
—— R513A AT Tc=323K
—p— R513B AT Tc=323K
—#— R515A AT Tc=323K

0.28

0.26

0.24

0.22

o
r
o

nexergetic
o
»
1 Py

0.16 4

0.14 4

0.124

0.10 4

255 260 265 270
Evaporator Temp(K)

Figure 6. Exergetic efficiency vs Evaporator temperature.

—=— R134A AT Tc=313K
8+ —#— R513A AT Tc=313K
—&— R513B AT Tc=313K
—w— R515A AT Tc=313K

77 & R134A AT Te=323K
|« RE13A AT Tc=323K
5 | » R513B AT Tc=323K

—#— R515A AT Tc=323K

260 265 270
Evaporator Temp(K)

Figure 7. EDR vs Evaporator temperature.

Figures 8-12 portrays the change in Efficiency defect
in the condenser, evaporator, throttle valve, compressor
and internal vapour heat exchanger (ivhe) with the evap-
orator temperature for different refrigerants analysed in
this work. The most efficient component of a system is
internal vapor heat exchanger which shows least mini-
mum efficiency defect. The decrease in efficiency defect
in the refrigerator components can be placed in the order
of condenser, compressor, throttle valve, and evaporator
respectively. It is observed that efficiency defect in com-
pressor and throttle valve shows a higher value than that
of R513A and the difference is reduced as the evaporator
temperature rises.

0.34

[~ R134A AT Te=313K)
032 2 Eie

RS1SAAT Te=313K]
R134AAT Tc=323K] o

0.30 |- R5134 AT Te=323K /
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- RS1SA AT Te=323K)
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0.24
] /
0.22 / v
020 | /
0.18 /
0.16
T T T T
255 260 265 270
Evaporator Temp(K)

Figure 8. Efficiency defect of condenser vs Evaporator tem-
perature.
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‘ % R513A AT Tc=313K
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0224 |[wR515AAT Te=313K
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—4— R513A AT Tc=323K
0.20] | »RG13BAT Tc=323K
‘ —@— R515A AT Tc=323K|
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255 260 265 270
Evaporator Temp(K)

Figure 9. Efficiency defect of evaporator vs Evaporator
temperature.
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024 —— Change in Energetic Efficiency with Ambient State
022 A ReBAT TSk Temperature

‘ T RIMAAT T2k Figures 13 & 14 portrays Exergetic efficiency and EDR

—#— RE13A AT Tc=323K . . . . .

0.20 - REIBAT 00 with Ambient temperature respectively for different refrig-

erants analyzed in this work. The value of exegetic effi-

0.18 ciency rises with the rise in ambient temperature. From the

bS] ¢ plot, it was displayed that the EDR value diminishes and

0.16 Exergetic efficiency rises with increase in ambient tempera-

o1 ' ture. This change is because of the term (1-T_/T,), from the

‘ equations (22) and (24). It can be evident that there is no

012 f change in power consumption of compressor and cooling

i effect. It is observed that the EDR has a positive effect with

0.10 rise in ambient temperature, because it rises with rise in
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Figure 10. Efficiency defect in throttle valve vs Evaporator
temperature. 0.40
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Figure 13. Exergetic efficiency vs Ambient state tempera-
Evaporator Temp(K) ture.
Figure 11. Efficiency defect of Internal vapour heat ex-
changer with Evaporator temperature.
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Figure 12. Efficiency defect of Compressor Vs Evaporator  Figure 14. EDR vs Ambient state temperature (at Ty =
temperature. 273K).
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CONCLUSIONS

The results obtained from the theoretical investigation
of the performance of domestic refrigerator operating on
VCR system with different alternative refrigerants along
with conventional refrigerant R-134a are summarized as
follows;

« COP obtained with the refrigerants R513A and R513B
is almost the same and has a small drop of 5.6% when
compared with R134a at low evaporator temperatures
and the difference decreases with an increase in evap-
orator temperature. As the condenser temperature
increases the COP decreases for all the refrigerants
considered.

o The Exergetic efficiency of R515A is almost the same
as R134A throughout the operating range of evapora-
tor temperature. However, there is a slight reduction in
exergetic efficiency in the case of R513A and R513B. As
the condenser temperature increases the exergetic effi-
ciency of all the refrigerants decreases with an increase
in evaporator temperature. The refrigerants R513A and
R513B have almost the same trend and the refrigerants
R134a and R515A have the same trend at increased con-
denser temperature.

o Most exergy destruction is observed in the condenser
followed by the compressor, throttle valve, evaporator,
and liquid-vapor heat exchanger.

o The total efficiency defect is more for R513A, R513B
followed by R515A and R-134a with a small difference
among them.

o Theincrease in ambient state temperature has a positive
effect on Exergetic efficiency and EDR i.e., Exergetic
efficiency increases and EDR decreases with increase in
ambient state temperature for all refrigerants discussed.
Hence it can be concluded that, most of the perfor-

mance parameters for the refrigerants R513A, R513B are

slightly lower than R134a they can be good alternative to

R134a because of their low value of GWP which is essential

from environmental safety point of view. However, R515A

can also be thought of another alternative with slight mod-
ifications in compressor design because its properties are
almost similar to that of R134a.

NOMENCLATURE

COP Coefficient of performance

GWP Global warming potential

LSHX Liquid -suction heat ex-changer

ivhe Internal vapour heat exchanger

Qvol Volumetric cooling capacity (kW/m?)

Qc Cooling capacity (Refrigeration effect, kW)
h Specific enthalpy (kJ/kg)

m Mass flow rate (kg/s)

v Specific volume (m*/kg)

Vs Displacement of the Compressor (m*/rev)
W Power required for Compressor (kW)

n Efficiency (%)

p Refrigerant density (kg/m?)
Subscripts

1,2,3,4,5,6 state points

Comp compressor

isen isentropic

R refrigerant

vol volumetric

Acronym

CFC chlorofluorocarbon
HCEC Hydro chlorofluorocarbon
HFO hydrofluoroolefins

HC hydrocarbons

HEC hydrofluoro carbons

RPM Revolution per minute
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