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Abstract: GWP (Global Warming Potential) and ODP (Ozone Depletion Potential) 
occupy an important place in global warming. This has led to the use of 
refrigerants with low GWP and ODP in cooling systems. Commonly used in cooling 
systems, R404A refrigerant has a very high GWP value despite having zero ODP. In 
this study, the exergetic performance analyses of the refrigerants, which may be 
alternative to R404A, in a theoretical cooling cycle were given comparatively. As an 
alternative to R404A refrigerant, R452A, R455A and R454C fluids are examined 
comparatively. COP and exergy destruction, for each refrigerant were examined 
separately and results were graphically analyzed. COP values of HFO group 
refrigerants were found as 2.472, 2.312, 2.632, 2.309 for R404A, R452A, R455A 
and R454C, respectively. In terms of exergy efficiency of HFO group refrigerants 
were found as 41.5%, 38.8%, 43.9%, 38.7% for R404A, R452A, R455A and R454C, 
respectively. As a result, thermodynamic properties, GWP and ODP values, 
energetic and external perspective; As an alternative to the R404A fluid, the best 
fluid selected is R455A, then R452A and R454C, respectively. The best choice for 
these alternative refrigerants in cooling systems is R455A. 

  
  

HFO Bazlı Soğutucu Akışkanların Ekserjetik Performans Analizi 
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Özet: GWP ve ODP, küresel ısınmada önemli bir yer tutmaktadır. Bu, soğutma 
sistemlerinde düşük GWP ve ODP'ye sahip soğutucuların kullanılmasına yol 
açmıştır. Yaygın olarak soğutma sistemlerinde kullanılan R404A soğutucu, sıfır 
ODP'ye sahip olmasına rağmen çok yüksek bir GWP değerine sahiptir. Bu 
çalışmada teorik bir soğutma çevriminde R404A'ya alternatif olabilecek soğutucu 
akışkanların ekzerjetik performans analizleri karşılaştırmalı olarak verilmiştir. 
R404A soğutucu akışkanına alternatif olarak R452A, R455A ve R454C akışkanları 
karşılaştırmalı olarak incelenir. Her bir soğutucu için COP ve ekserji yıkımı ayrı 
ayrı incelendi ve sonuçlar grafiksel olarak analiz edildi. HFO grubu soğutucuların 
COP değerleri R404A, R452A, R455A ve R454C için sırasıyla 2.472, 2.312, 2.632, 
2.309 olarak bulundu. HFO grubu soğutucu akışkanların ekserji verimi açısından 
sırasıyla; R404A, R452A, R455A ve R454C için sırasıyla% 41,5,% 38,8,% 43,9,% 
38,7 olarak bulunmuştur. Sonuç olarak termodinamik özellikler, GWP ve ODP 
değerleri, enerjik ve dış bakış açısı; R404A sıvısına alternatif olarak, seçilen en iyi 
sıvı sırasıyla R455A, ardından R452A ve R454C'dir. Soğutma sistemlerindeki bu 
alternatif akışkanlar için en iyi seçim R455A'dır. 

  

 
1. Introduction 
 
Global warming and the consequent destruction of 
the ozone layer is a potential danger. The use of GWP 
and high ODP refrigerants as a factor in the formation 
of these hazards. In this study, R452A, R454C and 
R455A mixing fluids, which have low GWP 
alternatives, are preferred instead of commonly used 
R404A fluid. The mixing ratios and properties of 
these fluids are given below.  

R452A is a mixture of R125 / R1234yf / R32 with 
59% / 30% / 11% mass percentages respectively [1]. 
Solstice® 452A (R452A) is a zeotropic blend [2], non-
ozone-depleting, nonflammable, designed to serve as 
a lower global-warming-potential (GWP) selection to 
R-404A and R-507 for low- and medium-temperature 
implementations in available and novel systems. One 
of the most feature of Solstice 452A is its matched 
compressor discharge temperature of R-404A and R-
507 at both low- and medium-temperature 
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circumstances, helping to further minimize 
application and retrofit costs. In addition, the 
capacity to approach the R-404A provides the best 
match and similar energy efficiency [2, 3]. 
 

R454C is a mixture of R1234yf / R32 with 78.5% / 
21.5% mass percentages respectively Opteon 
Developed for use in low and medium temperature 
cooling applications, the (XL-20) R454C refrigerant 
has a low GWP (150) [4]. R454C mixing fluid, one of 
the HFO group refrigerants [5], is one of the ideal 
fluids instead of R404A in direct expansion 
applications. Performing close to R404A, R454C 
refrigerant is a low-cost and suitable fluid for new 
cooling systems [6]. 
 

R455A is a mixture of R1234yf / R32 / R744 with 
75.5% / 21.5% / 3% mass percentages respectively 
[7]. R455A (Solstice L40X) is designed for low, 
medium and high temperature conditions in new 
cooling systems [8]. It is a slightly flammable and 
zeotropic mixture [9]. The R455A, which has an ultra-
low GWP, has a 146 GWP [10]. It also provides 
capacity matching and high energy efficiency close to 
R-404A. It has longer operating potential than 
propane or air conditioning refrigerants [8]. The 
analyzes were performed with the help of EES 
(Engineering Equation Solver) program [11]. Physical 
properties of fluids are  
given in Table 1. 
 

Table 1. The main characteristics of the tested refrigerants 
[12, 13] 

 

R404A replacements for commercial refrigeration 
Sethi et al. [14], were made an experimental study. 
They said that R404A has high GWP value and R448A 
and R455A the most suitable refrigerants for 
replacements. R448A matches the capacity with 4 to 
8% higher efficiency compared to R404A. R448A 
resulted from 9% to 20% energy savings for 
supermarket refrigeration systems. They examined 
their 24-hour energy consumption in an experiment 
in which they used R404A as a refrigerant instead of 
R455A. According to their results, they reveals that 
using R455A instead of R404A could save 6%. On the 
other hand Minor et al. [15] stated that the same 
energy consumption through R404A and R454C in a 
cooling system. 
 

Li [16], was made a study about life cycle climate 
performance of transport refrigeration system. He 

made a comparison R404A and R452A refrigerants. It 
is seen that, R452A could make lower emission 
reduction (5-15%) for the food transportation 
system.  He also made comparisons of Pressure-
Enthalpy, Temperature-Entropy for R404A and 
R452A. According to his study R452 A is the most 
suitable refrigerant instead of R404A and shows a 
good performance for transport refrigeration 
systems. 
 
Mota-Babiloni et al. [17], examined R454C and 
R455A, a mixture refrigerant with low GWP as an 
alternative to R404A and they have compared COP in 
vapor compression refrigeration cycles. According to 
their results, the mixture has a higher COP in the 
range of 10 to 15% for fluids 
 
Hydroflurocarbons and Hydrofluro-Olefins are 
mixtures with a maximum combustion rate ≤ 10 cm/s 
and considered low toxicity cooling fluids, Classified 
as A2L [18]. Lately the R454C, R455A, R457A and 
R459B mixtures that have emerged with low GWP 
are a good R404A alternative refrigerants [19]. 
Recently, the GWP values of the new mixtures R454C, 
R455A, R457A and R459B are 146,146,139 and 143, 
respectively. Instead of R404A, it is a low-class 
refrigerant with GWP [20]. 
 
The Study published by the AHRI revealed dew point-
based results in calorimeter tests for R454C [21] and 
R455A [22] as alternatives to R404A in piston 
compressors. 
 
Llopis et al [23], their study examined the energy 
consumptions of mixture fluids at the same cooling 
load. As a result of the review, they stated that for the 
fluids R454C, R459B, R457A and R455A there would 
be a decline in consumption by 2.07%, 10.76%, 
10.48% and 2.95% respectively. 
 
Bella et al [24]. In their experimental studies, 
according to the results of their R455A, R457A and 
R459B as an alternative to R404A. They applied the 
conditions of commercial use experimentally in a 
single stage refrigeration system with hermetic 
compressor and R-404A. They considered the 24-
hour energy consumption values of the fluids in the 
hermetic compressor refrigeration system.   At the 
end of the experiments, they gave the analysis results 
of alternative refrigerants. 
 

The novelty of this study is to compare the exergy 
destruction and COP values of fluids with lower GWP 
values as an alternative to the R404A refrigerant, 
which is widely used today. 
 

2.  Material and Method 
 
In this study, the performance of R452A, R454C, 
R455A with low GWP which can be used instead of 
R404A fluid used in cooling systems has been 
investigated in the cooling cycle. In the analysis, 

Refrigerant R404A R452A R454C R455A 
Molar Mass 97.6 103.5 90.8 87.5 

Boiling Point (°C) -46.45 -47 -45.9 -52 
Critical 

Temperature (°C) 
72.07 75.1 82.4 85.6 

Critical Density 
(kg/m3) 

484.5 506.66 999.5 1128.8 

Ozone Depletion 
Potential (ODP) 

0 0 0 0 

Global Warming 
Potential (GWP) 

3859 1945 146 145 

Certainty Class A1 A1 A2L A2L 
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schematic of refrigeration cycle and parameters 
shown in Figure 1, Table 2 respectively, were applied 
to these mixing fluids separately under the same 
operating conditions. 
 

Figure 1. Schematic for the vapor-compression 
refrigeration cycle 

 
Table 2. Input parameter values assumed in the simulation 
models. 

Parameters Value 
𝑄𝑒  [kW] 10 
∆𝑇 [℃] 5 
𝑇𝑎  [℃] 25 
𝑇𝑐  [℃] 45 
𝑇𝑒  [℃] -10 

𝜂𝑐𝑜𝑚𝑝  [%] 0,75 

Superheating [C] 5 
 
Steam refrigeration cooling cycles commonly used in 
cooling machines, air conditioning systems and heat 
pumps consist of four equipment. These are 
compressor, condenser, expansion valve and 
evaporator respectively. The steam compression 
refrigeration cycles are mostly commonly utilized 
several fields that are heat pumps, refrigeration 
machines and air conditioning systems. In this cycle, 
the refrigerant entering the compressor in the 
saturated vapor phase is pressed into the condenser. 
The refrigerant, which becomes liquid in the 
condenser, is passed through the throttle valve and 
liquid vapor mixture is sent to the evaporator. The 
liquid vapor phase fluid entering the evaporator from 
there evaporates by drawing heat from the 
evaporator. The fluid completing the cycle re-enters 
the compressor. 
 
Steam refrigeration cooling cycles commonly used in 
cooling machines, air conditioning systems and heat 
pumps consist of four equipment. These are 
compressor, condenser, expansion valve and 
evaporator respectively. The steam compression 
refrigeration cycles are mostly commonly utilized 
several fields that are heat pumps, refrigeration 
machines and air conditioning systems. In this cycle, 
the refrigerant entering the compressor in the 
saturated vapor phase is pressed into the condenser. 

The refrigerant, which becomes liquid in the 
condenser, is passed through the throttle valve and 
liquid vapor mixture is sent to the evaporator. The 
liquid vapor phase fluid entering the evaporator from 
there evaporates by drawing heat from the 
evaporator. The fluid completing the cycle re-enters 
the compressor. 
 
The thermodynamics models can be described as 
follows: 
 
The mass flow rate off cycle; 
 

𝑚̇ =
𝑄𝑒

ℎ1 − ℎ4

                                                                         (1) 

 
The compressor input work of cycle; 
 

𝑊̇𝑐𝑜𝑚𝑝 =
𝑚̇(ℎ2 − ℎ1)

𝜂𝑐𝑜𝑚𝑝

                                                        (2) 

 
The energy and exergy balance equations for working 
fluid compressor, condenser, expansion valve and 
evaporator can be written below, respectively; 
 
𝑚̇ℎ1 + 𝑊̇𝑐𝑜𝑚𝑝 = 𝑚̇ℎ2                                                         (3) 

 

𝑚̇𝑒𝑥1 + 𝑊̇𝑐𝑜𝑚𝑝 = 𝑚̇𝑒𝑥2 + 𝐼𝑐𝑜𝑚𝑝                                       (4) 
 

𝑚̇ℎ2 = 𝑚̇ℎ3 + 𝑄̇𝐻                                                                (5) 
 
𝑚̇𝑒𝑥2 = 𝑚̇𝑒𝑥3 + 𝑚̇𝑒𝑥𝑄𝐻

+ 𝐼𝑐𝑜𝑛𝑑                                      (6) 
 
𝑚̇ℎ3 = 𝑚̇ℎ4                                                                           (7) 
 
𝑚̇𝑒𝑥3 = 𝑚̇𝑒𝑥4 + 𝐼exp _𝑣𝑎𝑙𝑣𝑒                                                (8) 

 

𝑚̇ℎ4 + 𝑄̇𝐿 = 𝑚̇ℎ1                                                                (9) 
 
𝑚̇𝑒𝑥4 + 𝑚̇𝑒𝑥𝑄𝐿

= 𝑚̇𝑒𝑥1 + 𝐼𝑒𝑣𝑎𝑝                                    (10) 
 
Exergy of condenser is obtained with; 
 

𝑄̇𝑒𝑥,𝐻 = 𝑚̇(ℎ2 − ℎ3)(1 −
𝑇0

𝑇
)                                         (11) 

 
Exergy of evaporator is obtained with; 
 

𝑄̇𝑒𝑥,𝐿 = 𝑚̇(ℎ1 − ℎ4)(1 −
𝑇0

𝑇
)                                          (12) 

 
Cycle energetic and exergetic efficiency are defined as 
bellow; 
 

𝐶𝑂𝑃 =
𝑄𝑒

𝑊𝑐𝑜𝑚𝑝

                                                                    (13) 

 

𝜂𝐼𝐼 =
𝐶𝑂𝑃

𝐶𝑂𝑃𝑡𝑟

                                                                        (14) 
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𝐸𝑥1 + 𝑊𝑐𝑜𝑚𝑝 = 𝐸𝑥2 + 𝐸𝑥𝑑𝑒𝑠𝑡,𝑐𝑜𝑚𝑝                               (15) 
 

𝐸𝑥2 = 𝐸𝑥𝑄𝐻 + 𝐸𝑥3 + 𝐸𝑥𝑑𝑒𝑠𝑡,𝑐𝑜𝑛𝑑                                 (16) 
 

𝐸𝑥4 = 𝐸𝑥𝑄𝐿 + 𝐸𝑥1 + 𝐸𝑥𝑑𝑒𝑠𝑡,𝑒𝑣𝑎𝑝                                  (17) 

 

𝐸𝑥3 = 𝐸𝑥4 + 𝐸𝑥𝑑𝑒𝑠𝑡,𝑒𝑥𝑝,𝑣𝑎𝑙𝑣𝑒                                          (18) 
 

P-h diagrams of fluids according to assumptions and 
calculations are shown in Figure 2, Figure 3, Figure 4 
and Figure 5, respectively. 
 

 
Figure 2. P-h diagram of R404A according to given assumptions 

 

 
Figure 3. P-h diagram of R452A according to given assumptions 

 

 
Figure 4. P-h diagram of R455A according to given assumptions 
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3. Results  
 

COP, exergy destruction and exergy efficiency and 
values of each element used in the system are 
presented below. The engineering equation solver 
(EES) software program has been used for cooling 
system [11]. Refrigerants, which tested in cooling 
system, of COP values are illustrated Figure 6. As can 
see from figure 6 highest COP value is R455A. This 
fluid is followed by R404A, R452A and R454C, 
respectively. COP values of HFO group refrigerants 

were found as 2.472, 2.312, 2.632, 2.309 for R404A, 
R452A, R455A and R454C, respectively. 

 
The power consumed in the compressor of the 
refrigerants is given in Figure 7. As shown in Figure. 
7, the lowest compressor work is performed by the 
R455A refrigerant while the highest compressor 
work is done by R454C refrigerant. While power 
consumption increased in R452A and R454C 
refrigerants, savings of 7% were observed in R455A. 
 

 
Figure 5. P-h diagram of R454C according to given assumptions 
 

 

 
Figure 6. COP values for the system due to using various fluids 
 

 
Figure 7. The power consumed in the compressor of the refrigerants 
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If we investigated COP values for the system, R455 A 
refrigerant gives the highest value after R404A. 
Figure 8 shows the exergy destructions of R404A. 
The lowest exergy destruction is observed in R455A 
when exergy destructions were examined. Again, the 
nearest exergy destruction value to R404A was seen 
in R452A. 
 
When all figures were observed, it was seen that the 
highest exergy destruction of the refrigerants used in 
the study was in the compressor. The second biggest 
exergy destruction was found in the expansion valve 
for all refrigerants. The external destruction of these 
components is since they are composed of moving 
components. The remaining parts have just thermic 
destruction. 
 
Figure 8 shows the exergy destruction of each 
component for the cooling cycle using the R404A, 
depending on the evaporator temperature. Exergy 
destruction was reduced both compressor and 
expansion valve because of the increased evaporator 
temperature. Shown the figure, with the increasing 
evaporator temperature, the exergy destruction was 
decreased in the compressor and expansion valve for 
R404A refrigerant fluid. The reason for the reduction 
of exergy destruction in the compressor is that the 
compressor load decreases due to the increase in the 
evaporator temperature. As the thermal load from 

the condenser decreases, the exergy destruction in 
the condenser decreases. 
 

Figures 9, 10, 11 illustrate the graphs of R452A, 
R455A and R454C. In the graphs, it is seen that 
R452A and R455A have similar exergy damage. 
R452A and R455A have been found to have similar 
properties to R454C, R404A. 
 

Exergy values of fluids used in the study the lowest 
destruction value is R455A while the highest 
destruction value in 452A. As a result, R455A has 
been found to be the most suitable alternative fluid 
for exergy destruction.  
 

As seen in Figure 9, it is calculated that the 
temperature change between -10 ° C and 0 ° C in the 
evaporator for R452A refrigerant decreases by 0.56 
kW - 0.18 kW for the evaporator in exergy 
destruction. The reason for this decrease in exergy 
destruction is due to the increasing evaporator 
temperature. As seen in Figure 10, it is calculated that 
the temperature change between -10 ° C and 0 ° C in 
the evaporator for R455A refrigerant decreases by 
0.46 kW - 0.14 kW for the evaporator in exergy 
destruction. As seen in Figure 11, it is calculated that 
the temperature change between -10 ° C and 0 ° C in 
the evaporator for R454C refrigerant decreases by 
0.59 kW - 0.21 kW for the evaporator in exergy 
destruction. 

 

 
Figure 8. Exergy destruction values for evaporator temperature of the system using R404A 
 

 
Figure 9. Exergy destruction values for evaporator temperature of the system using R452A 
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Exergy destruction of refrigerants depending on the 
condenser temperature is shown in Figure 
12,13,14,15. As seen in Figure 12, it is calculated that 
the temperature change between 25 ° C and 45 ° C in 
the condenser for R404A refrigerant increases by 
0.04 kW - 0.95 kW for the condenser in exergy 
destruction. Figure 13 shows, it is calculated that the 
temperature change between 25 ° C and 45 ° C in the 
condenser for R452A refrigerant increases by 0.09 
kW - 1.05 kW for the condenser in exergy 
destruction. As seen in Figure 14, it is calculated that 
the temperature change between 25 ° C and 45 ° C in 
the condenser for R455A refrigerant increases by 
0.13 kW - 1.16 kW for the condenser in exergy 
destruction. As seen in Figure 15, it is calculated that 

the temperature change between 25 ° C and 45 ° C in 
the condenser for R454C refrigerant increases by 
0.24 kW - 1.19 kW for the condenser in exergy 
destruction. 
 
The highest exergy destruction is observed at R454C 
relying on the condenser temperature. the lowest 
exergy destruction is observed in R452A at 
condenser temperature.  
 
According to the condenser temperature, the highest 
exergy destruction in the compressor is observed at 
R452A though condenser temperature, the lowest 
exergy destruction in the compressor is observed in 
R455A. 

 

 
Figure 10. Exergy destruction values for evaporator temperature of the system using R455A 

 

 
Figure 11. Exergy destruction values for evaporator temperature of the system using R454C 

 

 
Figure 12. Exergy destruction values for condanser temperature of the system using R404A 
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4. Discussion and Conclusion 
 
In this article, energy exergy analysis for R452A, 
R455A and R454C from HFO group fluids which are 
considered as alternative to R404a were presented 
comparatively. From these compared fluids, the 
highest COP value is 2.63 to R455A fluid. The lowest 
COP value was 2.31 belong to R452A. 
 
COP values of HFO group refrigerants were found as 
2.472, 2.312, 2.632, 2.309 for R404A, R452A, R455A 
and R454C, respectively. It is understood from this 
that the highest COP value belongs to the refrigerant 

R455A whereas the lowest COP value was seen at 
R454C. 
 
In terms of exergy efficiency of HFO group 
refrigerants were found as 41.5%, 38.8%, 43.9%, 
38.7% for R404A, R452A, R455A and R454C, 
respectively. It is understood from this that the 
highest exergy efficiency belongs to the refrigerant 
R455A though the lowest COP value was seen at 
R454C.  
 
As a result, thermodynamic properties, GWP and ODP 
values, energetic and external perspective; As an 

 
Figure 13. Exergy destruction values for condanser temperature of the system using R452A 
 

 
Figure 14. Exergy destruction values for condanser temperature of the system using R455A 
 

 
Figure 15. Exergy destruction values for condanser temperature of the system using R454C 
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alternative to the R404A fluid, the best fluid selected 
is R455A, then R452A and R454C, respectively. The 
best choice for these alternative fluids in cooling 
systems is R455A. 
 
Considering all these data, R455A, as an alternative 
fluid, performs better in terms of energy and exergy 
efficiency in a cooling system.  
Use of alternative fluids for the cooling system 
examined; it can be considered the right choice in 
terms of system efficiency and energy consumption 
of the system. 
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