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Abstract
In this research, a split air conditioner's performance has been evaluated 
using exergy analysis on three different low global warming potential (GWP) 
refrigerants, namely R32, R447A, and R447B, to find a replacement for the 
GWP-high refrigerant R410A. With regard for pressure loss in the evaporator 
and condenser, a computational model is built to recreate the operational 
conditions of a split air conditioner.GENETRON Properties 1.4 software is 
used to calculate performance metrics such as coefficient of performance 
(COP), exergy destruction ratio, exergetic efficiency, and efficiency defect. 
Result shows that pressure drop in evaporator alone has an adverse effect 
on COP and total exergy destruction and it is higher at higher pressure 
drop. Effect of pressure drop on exergetic efficiency and exergy destruction 
ratio is found to be less significantwith condenser pressure drop compared  
to evaporator pressure drop. Exergy efficiency is found to be maximum 
with R447A followed by R447B, R32, and R410A.
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Introduction
In looking toward the exponentially rising demand 
for energy, and environmental protection aspect, 
researchers from every corner of the globe have 
been involved to find some new refrigerants with 
the expectation of improved performance along with 

eco-friendly aspects considering global warming. 
Global warming is one of the key concern that 
should be considered while selecting a refrigerant, as  
it is one of the major contributor of the undesirable 
phenomenon known as global warming.1-3 Global 
climate change may be caused by a wide range  
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of factors, including both natural and man-made 
ones. There is evidence that one of the primary 
drivers of current global warming is greenhouse 
gases released into the atmosphere as a result  
of human activity.4

In continuation above, fourth-generation refrigerants 
have been developed that poses no harm to 
environment due to the fact that these refrigerants 
have a low GWP and no ozone depletion potential 
(ODP).5 In recent times R410A is widely used 
as a refrigerant in air conditioning devices that 
replaceR22, due to its zero ODP. Compared to R22, 
the air conditioner with R410A has a compact heat 
exchanger and improved operational efficiency.6 
The main problem associated with R410A is its 
high GWP (GWP=1924) and now research is going 
on to find the alternatives of R410A. Saidur et al.7 

looked at the energy efficiency of household devices, 
they discovered that energy efficiency was 70%, 
while exergy efficiency was only 28%. Refrigerator 
freezers and air conditioners were shown to be 
responsible for 21% and 12% of total exergy loss, 
respectively. HMOOD et al.8 reported that R1234yf 
could be a better drop in alternative to high GWP 
refrigerant R134a. Tarish et al.9 perform the exergy 
analysis using R161 operated in split air conditioner 
to find an alternative to R134a and R22 in different 
Iraq climate and find that the exergy efficiency  
of R161 operated system is 8.6% and COP is 7.3% 
higher than the R134a and R22 operated systems. 
Kaushik and Arora10 establish a computational model 
for calculating exergy destruction in VCR system 
and discover that The condenser is the part of the 
system where the most of exergy is lost, trailed by the 
compressor. Destruction of exergy was found less 
significant in expansion valve and the evaporator.

Pressure drop is one of the critical parameter upon 
which the performance of any refrigeration or air 
conditioning device depends. Simulation on air 
conditioner operated with R410A has been done. 
The outcome reveals a 25% loss in evaporator 
capacity for a 200 kPa pressure drop in condenser. 
Whereas condenser capacity and COP is reduces by 
19% and 27% respectively.11 Experiment conducted 
on R1234yf, R152a, and R134a shows that R152a 
has the highest coefficient of heat transfer  whereas 
maximum pressure drop was calculated with 
R1234yf.12 Zhang et al.13 experimentally estimated 
the pressure drop due to friction in a smooth tube. 

Although calculation of pressure drop cannot be done 
through ordinary correlations.14 Empirical relationship 
between different performance parameters of mobile 
air conditioning system have been developed 
with consideration of pressure drop in evaporator. 
Results indicated that the proposed factor had  
a linear relationship with the pressure decreases  
of the refrigerant.15 A correlation has been developed  
to calculate the coefficient of heat transfer and 
pressure loss due to friction in the evaporator of a 
refrigerator using R600a.16 Bashar et al.17 developed 
the pressure drop correlation for evaporator coils.

The exergy-energy analysis with consideration  
of evaporator and condenser pressure drop gives  
a better insight into the performance. With this 
analysis, one can find the effect of pressure drop 
on different performance parameters of the system 
includes COP, exergy destruction ratio, exergy 
efficiency, and efficiency defect. In a present research 
article, exergy-energy analysis along with pressure 
drop in evaporator tubes and condenser tubes  
of a split air conditioner of 1TR capacityhas been 
carried out using three low GWP refrigerants namely 
R32, R447A, and R447B to findtheir suitability as an 
alternative to R410A. All the considered refrigerants 
have a GWP valueless than 750, which is as per EU 
Regulation No. 517/2014.18

Overview of Studied Refrigerants
Mass composition and other thermo physical 
parameters for refrigerants considered in the 
analysis are shown in table 1. Here all the considered 
refrigerants taken for the analysis have zero ODP 
and their GWP values are significantly lower than 
R410A. R32 is a single component refrigerant, 
however R410A, R447A, and R447B are blends with 
different mass proportions. R410 is a non-flammable 
refrigerant and has better cooling capacity compared 
to R22. On another side, its operating pressure  
is significantly higher compared to R22 and requires 
redesigning of the system operating with R22. R32  
is a single component and can be easily recycled but 
it is low toxic and flammable. Its energy efficiency 
is also higher compared to R410A and a system 
equipped with R32 needs less refrigerant for the 
same cooling capacity than that of R410A. R447A 
and R447B are the mixtures composed of R32, 
R125, and R1234ze with significantly lower GWP 
values compared to R410A but due to higher 
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pressure ratio, offers slightly higher discharge 
temperature compared to R410A. R447A also 

has least GWP compared to other refrigerants 
considered in the study.

Table 1: Properties of R410A and alternatives (Genetron Properties 1.4)

Parameter	 R410A	 R32	 R447A	 R447B

Composition (Mass %)	 R32+R125	 R32 	 R32+R125+R1234ze	 R32+R125+R1234ze
	 (50%+50%)	 (100%)	 (68%+3.5%+28.5%)	 (68%+8%+24%)
Critical temperature (°C)	 71.5	 78.1	 82.63	 83.7
Critical pressure (bar)	 49.01	 57.82	 54.17	 56.45
Boiling Point (°C)	 -51.3	 -51.7	 -45.6	 -49.8
GWP (AR5)	 1924	 677	 572	 714
ASHRAE class	 A1	 A2	 A2L	 A2L

Properties are evaluated at a temperature of 25.15 °C

Energy and Exergy Analysis	
Figures 1(a) and 1(b) demonstrate the layout and 
related pressure vs. specific enthalpy diagram of the 

VCR system, respectively. Here the effect of super 
heating in evaporator and sub-cooling in condenser 
has also been considered.

Fig. 1 (a): Layout diagram of VCR cycle

Fig. 1 (b): Pressure vs specific enthalpy 
diagramThe ratio of heat absorbed in the evaporator  

to work consumed by the compressor is known as 
COP, that is used to assess the performance of any  
VCR system.

 	 ...(1)

To calculate exergy destruction in diverse 
components of the VCR system following equation 
(2) – (5) have been used.19

 	 ...(2)

 	 ...(3)

 	 ...(4)

 	 ...(5)

Total exergy destruction is the sum of exergy 
destruction in each component of the system and 
is represented as follows.

 	 ...(6)

The ratio of COP of the system under consideration 
to COP of the system operated reversibly  
(Carnot COP) is known as energetic efficiency,

 	 ...(7)
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Exergy destruction ratio (EDR) is ratio of irreversibility 
associated with a component to the exergy of fuel 
supplied.10

 	 ...(8)

The efficiency defect (δi) is an indicator that gives 
the information about the fraction of energy (input) 
destroyed in a specific component so that one 
can find the component which performs worst  
in the system.				  
	

 	 ...(9)

Result and Discussion
For analysis following parameters have been taken 
and can be given as follows

•	 	 Capacity of System = 1TR.20

•	 	 Temperature in evaporator = 4.5°C.
•	 	 The temperature of the condenser varies  

	 between 40°C - 60°C.
•	 	 The evaporator and condenser experience 

	 pressure drops in the range of 10 to 40 kPa.
•	 	 Isenthalpic expansion in the expansion valve.
•	 	 Compressors isentropic efficiency = 75%.10

•	 	 Sub cooling of refrigerant at the condenser 
	 outlet = 3°C.21

•	 	 Superheating in evaporator and suction line  
	 is of 7°C [21]and 4°C respectively.     

•	 	 Dead state temperature = 25°C.10

Following results have been obtained and are given 
as follows.

COP values correspond to pressure drop in 
evaporator, condenser and both in evaporator and 
condenser simultaneously can be seen in table 2. 
From figure 2 one can noticed that the changein COP 
is small for pressure drop in condenser, whereas 
significant reduction in COP has been observed with 
a reduction in evaporator pressure. As the pressure 
drop in the evaporator grows, refrigerating effect and 
cooling capacity both decrease and correspondingly 
an increment in pressure ratio across the compressor 
is found that increases the compressor work.  

Fig. 2: Pressure vs COP variations (Te=4.5°C, Tc=40°C).

In combination, both of these phenomena contribute 
to a decrease in COP. However maximum COP was 
obtained with R447A followed by R447B, R32, and 
R410A. With no pressure drop, R447A has 3.24% 
greater COP compared toR410A While the COP  
of the R447B and R32 systems are greater than the 
COP of the R410A system by 2.93% and 2.15%, 

respectively. As the pressure drop increases less 
COP has been obtained for all the studied systems. 
At a pressure drop of 40kpa in the evaporator and 
condenser, 2.48% and 0.51% drops in COP have 
been obtained using the R410A system. For the 
R32 operating system, 2.5% and 0.63% less COP 
is obtained compared to the no pressure drop 
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condition. With R447A dropin COP at a pressure 
drop of 40kpa is 2.84% and 0.67% whereas it is 
2.78% and 0.68% less COP for R447B operated 
system. For evaporator pressure drop of 40kpa, the 
COP of R32 operated system is 2.14% higher than 
R410A system whereas R447A and R447B operated 

systems have 2.86% and 2.61% higher COP than 
R410A operated system. With the same pressure 
drop of 40kpa in the condenser, R32 operated 
system has 2.03% higher COP than the R410A 
system. R447A and R447B have 3.08% and 2.79% 
higher COP than R410A.

Figure 3 shows total exergy destruction with 
respect to pressure drop. Here the variation  
in total exergy destruction is negligible for condenser 
pressure drop whereas significant reduction  
in total exergy destruction has been calculated with 
a drop in evaporator pressure. Exergy destruction 
in R447A operated system is minimum among the 
studied refrigerants. From table 3 the pressure drop 
increases, total exergy destruction also increases 
and it is more when pressure loss in the evaporator 
takes place and considerably less with condenser 
pressure drop. Here total exergy destruction is the 
least in R447A operating system but the percentage 
drop in TED is highest in R447A compared to other 
studied refrigerants. At a pressure of 40kpa in the 
evaporator, R410A operated system has 2.8% more 
exergy destruction compared to the no pressure loss 
condition whereas R447A and R447B have 3.32% 
and 3.14% more exergy destruction respectively. 
Pressure drop in the condenser is not significant and 
has very less increment in total exergy destruction. 
With the consideration of a pressure drop of 40kpa, 
both inevaporator and condenser, total exergy 
destruction is calculated as 4.08% higher in R447A 
operated system and is least in R410A. R447B 
and R32 have 3.9% and 3.47% highe rexergy 
destruction respectively compared to no pressure 
drop condition.

Figures 4 and figure 5 shows variation of exergetic 
efficiency and EDR with the pressure loss in 
evaporator and condenser respectively. From 
figures it is seen that exergy efficiency decreases 
as pressure drop increases and it is highest with 
R447A, then R447B, R32, and R410A. It is also seen 
that EDR is increasing with drop in pressure and is 
maximum with R410A followed by R32, R447B, and 
R447A. Here large variation in EDR is calculated 
with drop in evaporator pressure and the same can 
be depicted from table 4 and table 5.
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Fig. 3: Variation of total exergy destruction with pressure drop (Te=4.5°C, Tc=40°C).

Table 3: Total Exergy destruction calculation with consideration of pressure drop. 

 		  410A			   32			   447A			   447B

dP	 TED 	 TED 	 TED  	 TED 	 TED 	 TED  	 TED 	 TED 	 TED  	 TED 	 TED 	 TED  
(kpa)	 @ 	 @ 	 @dPe	 @ 	 @ 	 @dPe	 @ 	 @ 	 @dPe	 @ 	 @ 	 @dPe
	 dPe	 dPc	 &dPc	 dPe	 dPc	 &dPc	 dPe	 dPc	 &dPc	 dPe	 dPc	 &dPc

0	 0.725	 0.725	 0.725	 0.708	 0.708	 0.708	 0.700	 0.700	 0.700	 0.703	 0.703	 0.703
10	 0.730	 0.726	 0.731	 0.713	 0.709	 0.714	 0.706	 0.701	 0.707	 0.708	 0.704	 0.709
20	 0.736	 0.728	 0.738	 0.718	 0.711	 0.721	 0.711	 0.702	 0.714	 0.714	 0.705	 0.717
30	 0.741	 0.729	 0.744	 0.723	 0.712	 0.727	 0.717	 0.704	 0.721	 0.719	 0.707	 0.723
40	 0.746	 0.729	 0.750	 0.728	 0.713	 0.733	 0.723	 0.705	 0.728	 0.725	 0.707	 0.730

Table 4: Exergy destruction ratio and exergetic efficiency with consideration 
of pressure drop in evaporator.

  
	 R410A		  R32		  R447A		  R447B

dPe (kpa)	 ηExergetic	 EDR	 ηExergetic	 EDR	 ηExergetic	 EDR	 ηExergetic	 EDR

0	 0.333	 2.000	 0.340	 1.938	 0.344	 1.908	 0.343	 1.915
10	 0.331	 2.020	 0.338	 1.957	 0.342	 1.927	 0.340	 1.939
20	 0.329	 2.038	 0.336	 1.977	 0.339	 1.950	 0.338	 1.959
30	 0.327	 2.058	 0.334	 1.996	 0.337	 1.970	 0.336	 1.978
40	 0.325	 2.078	 0.332	 2.012	 0.334	 1.993	 0.333	 2.001
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Table 5: Exergy destruction ratio and exergetic efficiency with consideration 
of pressure drop in condenser.  

	 R410A		  R32		  R447A		  R447B

dPc (kpa)	 ηExergetic	 EDR	 ηExergetic	 EDR	 ηExergetic	 EDR	 ηExergetic	 EDR

0	 0.333	 2.000	 0.340	 1.938	 0.344	 1.908	 0.343	 1.915
10	 0.333	 2.004	 0.340	 1.942	 0.343	 1.911	 0.342	 1.920
20	 0.332	 2.008	 0.339	 1.946	 0.343	 1.915	 0.342	 1.927
30	 0.332	 2.012	 0.339	 1.954	 0.342	 1.924	 0.341	 1.930
40	 0.332	 2.016	 0.338	 1.958	 0.342	 1.927	 0.341	 1.935

Fig. 4: Impact of evaporator pressure drop on 
ηExergetic and EDR.

Fig. 5: Impact of condenser pressure drop on 
ηExergetic and EDR.

With increase in pressure drop in evaporator, 
percentage drop in exergy efficiency and exergy 
destruction ratio is highest in R447B that is 2.87% 
and 4.5% respectively (at dP=40kpa). For R447A 
at same pressure drop condition exergy efficiency 
has been calculated as 2.83% lower and EDR is 
4.44% lower than the condition of no pressure 

drop. R32 operated system has 2.46% less exergy 
efficiency along with 3.82% less EDR compared 
to no pressure drop situation. With pressure drop  
in condenser, percentage drop in exergy efficiency is 
in the range of 0.11% to 0.71% that is in significant.  
Similarly percentage drop in EDR, considering all the 
refrigerants is in the range of 0.17% to 1.09% only.

Fig. 6: Deviation of ηExergetic δ with condenser temperature (dPe=10kPa).
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The variation in efficiency defect and exergy 
efficiency with condenser temperature is shown 
in Figure 6. Here R410A has the lowest exergy 
efficiency of the refrigerants investigated, and so has 
the highest efficiency defect. The efficiency defect for 
all refrigerants rises, as the  condenser temperature 
increase, and corrosponding exergy efficiency falls. 
R447A has the least efficiency defects and the 
highest exergy efficiency.

The fluctuation of efficiency defect and EDR 
with respect to condenser temperature is shown 
in Figure 7. EDR increases dramatically with 

condenser temperature and reaches a maximum 
for R410A. Fluctuations in EDR are smaller when 
the condenser temperature is 40°C, but when  
it reaches 60°C, substantial variations in EDR 
are recorded. The impact of pressure decrease  
on exergetic efficiency and total exergy destruction is 
depicted in Figure 8. Here total exergy destruction is 
greatest when pressure drops simultaneously in both 
the evaporator and the condenser. However, large 
decline in the evaporator pressure has an adverse 
impact on overall destruction of exergy. Among the 
refrigerants studied, R447 had the least overall 
exergy destruction and the highest exergy efficiency.

Fig. 7: Variation of δ and EDR with condenser 
temperature (dPe=10kPa).

Fig. 8: Variation of ηExergetic and total exergy 
destruction with pressure drop  (dP=40kPa).

Conclusions
The following conclusions were drawn and can be 
given as:

•	 The change in COP is small for condenser 
pressure drop, whereas significant reduction 
in COP has been observed with evaporator 
pressure. As the pressure loss in evaporator 
grows, refrigerating effect and cooling capacity 
both decrease, causes increment in pressure 
ratio across the compressor and leads to 
increase in compressor work. In combination, 
both of these phenomena contribute to a 
decrease in COP.

•	 Variation in total exergy destruction is negligible 
for condenser pressure drop whereas significant 
reduction in total exergy destruction has been 
calculated with a drop in evaporator pressure. 
Although total exergy destruction in R447A 

operated system is minimum among the studied 
refrigerants.

•	 Exergy efficiency decreases as pressure drop 
increases both in evaporator and condenser but 
exergy efficiency is very sensitive to pressure 
drop in evaporator and decreases at much 
faster rate. In the analysis exergy efficiency  
is found to be maximum with R447A, then 
R447B, R32, and R410A.

•	 With increase in condenser temperature, the 
efficiency defect for all refrigerants rises, and 
exergy efficiency falls. Drastic fall in exergy 
efficiency has been calculated with increase 
in condenser temperature. Among the studied 
refrigerants, R447A has the least efficiency 
defects and correspondingly highest exergy 
efficiency.

•	 Exergy efficiency changes dramatically as 
condenser temperatures rise. Exergy efficiency 
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decreased by roughly 45% as the temperature 
of the condenser rises from 40°C to 60°C.

Considering the findings of the investigation, R447A 
is the best option that can be considered asreplace 
of R410A since it has the highest exergy efficiency 
as well as the highest COP at various condenser 
temperatures. R447A has the least total exergy 
destruction among the studied refrigerants. It may 
also be concluded that performance of the system 
is adversely affected when pressure drop takes 
place particularly in the evaporator so extra care 
must be taken.

Future Scope	
Experimental analysis can be performed on  
air conditioning system with consideration of 
pressure drop in suction line as well as in delivery 
line and can be used for standardising the model to 

improve system simulation. With these calibrated 
model, the impact on COP, exergy efficiency and 
efficiency defect can be evaluated and validation 
could be made.
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NOMENCLATURE

COP	 Coefficient of performance	 --
EDR	 Exergy destruction ratio	 --
Ėx	 Rate of exergy	 kW
h	 Specific enthalpy	 kJ•kg-1
ṁ	 Refrigerant mass flow rate	 kg•s-1
ηExergetic	 Exergetic efficiency	 --
dP	 Pressure drop	 kPa
T	 Temperature	 °C
Wcomp	 Compressor work	 kW
δ	 Efficiency defect	 --

SUBSCRIPTS

comp	 Compressor
c	 Condenser
des	 Destruction
e	 Evaporator
exp	 Expansion valve
i	 ith component 
in	 Inlet
out	 Outlet


