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The performance of a new mixed refrigerant R1234yf/R13I1 with a mass ratio of 
90/10 under basic refrigeration cycle and refrigeration cycle with internal heat 
exchanger is calculated in comparison with the performance of R134a under ba-
sic refrigeration cycle at different condensation temperature and evaporation 
temperature. The results show that R1234yf/R13I1 is virtually non-flammable 
with global warming potential of less than 4. Under basic refrigeration cycle, the 
compressor power consumption, cooling capacity and COP of R1234yf/R13I1 
are lower than these of R134a by about 4.5%, 9.5%, and 7.5%, respectively. Un-
der refrigeration cycle with internal heat exchanger, the compressor power con-
sumption, cooling capacity, and COP of R1234yf/R13I1 are lower than these of 
R134a by about 2%, 4.5%, and 3%, respectively. The R1234yf/R13I1 is a benefi-
cial refrigerant of replacing R134a in vapor compression system. 
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Introduction 

Since the 1930’s, chlorofluorocarbon has been widely used in refrigeration and air-

conditioning installations. However, it has a high ozone depletion potential (ODP). In order to 

protect the atmosphere, the Montreal Protocol [1] was proposed to phase out it as a refrigerant 

in 1987. To fill the void created by the phase-out, much research has been carried out to find 

alternative refrigerants with zero ODP, among which the R134a refrigerant [2, 3] has been 

successfully applied to household refrigerators and air-conditioning systems. 

Global warming has always been one of the most important issues facing mankind. 

In 1997, the Kyoto Protocol [4] was proposed to control the emission of GHG, including 

some hydrochlorofluorocarbons. The R134a refrigerant is identified as one of the controlled 

greenhouse gases with the 100-year global warming potential (GWP) of 1300 compared to 

CO2 [5]. It needs to be replaced by more environmentally friendly refrigerants in the near fu-

ture according to the Kigali Programme [6]. 

Recently, the R1234yf refrigerant has been considered as a potential refrigerant that 

can replace the R134a refrigerant. Compared with R134a, R1234yf has zero ODP and excel-

lent life cycle of climate performance. The 100-year GWP of R1234yf is 4 compared to that 
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of CO2 [7]. The boiling and condensation heat transfer coefficients of R134a and R1234yf are 

quite close [8-10]. In addition, Tanaka et al. [11] studied the thermodynamic properties data 

of R1234yf and R134a under saturated conditions, showing that they are also very similar. 

There are also many comparative studies on the performance of the two refrigerants in air 

conditioner system. Ankit et al. [12] proposed a theoretical comparison of the thermodynamic 

properties of the two refrigerants under two typical indoor and outdoor ambient temperatures. 

The results showed that the performance of R1234yf was similar to that of R134a.  

Adrian et al. [13] and Joaquin et al. [14] compared the performance of two refriger-

ants in a vapor compression system by controlling the evaporation and condensation tempera-

tures. The test results showed that the cooling capacity of R1234yf was about 9% lower than 

that of R134a. The volumetric efficiency of R1234yf was about 5% lower than that of R134a. 

The COP of R1234yf was 5-30% lower than that of R134a in the tested range. Cho et al. [15] 

studied the performance of two refrigerants with and without regenerators in automotive air-

conditioning systems. The test showed that the cooling capacity and COP of R1234yf were 

reduced by 7% and 4.5%, respectively, compared with R134a without a regenerator, and the 

cooling capacity and the COP of R1234yf were reduced by 1.8% and 2.9%, respectively, in 

the case of a regenerator. Colombo et al. [16] studied the running performance of R1234yf 

and R1234ze(E) in a water-to-water heat pump. Research showed that the heating capacity 

and the COP of R1234yf was decreased by 9.8% and 7.3%, compared to the R134a, respec-

tively. Lee et al. [17] and Li et al. [18] paid close attention to the system performance of 

R1234yf in vehicle air conditioner system. The test mainly changed different compressors and 

throttling devices, different forms of condensers and evaporators under different conditions. 

Research showed that the system performance of R1234yf was slightly lower than that of 

R134a.  

The cited research shows that R1234yf can be used as a replacement for R134a, 

which means that it does not have to make major modifications in the assembly line or system 

design to adapt the product. Currently, R1234yf is the lowest-cost alternative, but the initial 

cost of the product is much higher than that of R134a. The main problem with R1234yf is its 

mild flammability. The R1234yf is classified as A2L safety level [19]. The flammability of 

R1234yf is relatively low, however, compared with these non-flammable refrigerants, it may 

also bring some unsafe factors. In Europe, R1234yf was rejected by a major car manufacturer 

due to practical flammability concerns. In fact, a European car manufacturer has provided the 

authorities with an investigation on the safe use of R1234yf. In some realistically simulated 

frontal crash scenarios, the refrigerant lines of the air-conditioning system could become 

damaged and release R1234yf onto the exhaust system, causing a fire. However, current 

R134a did not cause an open flame in a similar test. Therefore, some companies seem to be 

willing to use the safe R134a in their cars instead of R1234yf in situations of high safety re-

quirements. 

In this study, an azeotropic mixture of R1234yf/R13I1 was proposed to replace 

R134a in various applications, such as automotive air conditioners, beverage coolers, and cen-

trifugal coolers. By adding 10% flame retardant R13I1 to R1234yf, the flammability of the 

mixture is greatly reduced and the mixture is basically non-flammable. The GWP value of the 

mixture is still less than 150. Therefore, it can successfully solve the main problem of flam-

mability of R1234yf. The purpose of this article is to theoretically calculate the performance 

of this mixture at different ambient evaporation and condensation temperatures, and provide 

data for comparison with R134a. 
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The basic thermal properties of R1234yf/R13I1 

Table 1 lists the basic thermophysical properties and environmental performance of 

R1234yf, R134a, R13I1, and R1234yf/R13I1. The main parameters were calculated by using 

NISTRefprop9.1 [20]. It can be seen from the table that the ODP of R1234yf, R13I1, and 

R1234yf/R13I1 are all 0, and their GWP values are all small, which is lower than 4. The envi-

ronmentally friendly performance of these refrigerants are very good. The temperature glide 

of R1234yf/R13I1 at 0.1-2MPa is less than 0.21 °C, which can be regarded as an azeotropic 

mixture. This is because the standard boiling points of R13I1 and R1234yf are similar, which 

helps to form an azeotropic mixture. Azeotropic mixtures do not easily occur component sep-

aration as non-azeotropic mixtures making the working pressure in the evaporator and con-

denser change frequently, resulting in system instability. Therefore, when R1234yf/R13I1 re-

places R134a, the operation of the R1234yf/R13I1 system will be relatively stable.  

Table 1. Basic thermophysical properties of R1234yf, R13I1, R1234yf/R13I1, and R134a 

Refrigerant R1234yf R13I1 R1234yf/R13I1 R134a 

Molecular weight 114.04 195.91 119.02 102.03 

Normal boiling point [℃] –29.45 –21.85 – –26.07 

Temperature glide [℃] (0.1-2 MPa) – – < 0.21 – 

Critical temperature[℃] 94.7 123.29 96.44 101.06 

Critical pressure [MPa] 3.38 3.953 3.41 4.05 

ODP 0 0 0 0 

GWP 4 < 1 < 4 1300 

Thermodynamic cycle characteristics 

In this paper, two kinds of refrigeration cycles are simulated. One is the basic refrig-

eration cycle, which mainly includes compressor, condenser, throttle valve, and evaporator. 

The cycle diagram and pressure-enthalpy diagram are shown in fig. 1. The second is a refrig-

eration cycle with an internal heat exchanger. The cycle diagram and pressure-enthalpy dia-

gram are shown in fig. 2. The cycle with an internal heat exchanger is achieved by adding a 

heat exchanger between the evaporator and condenser. The refrigerant liquid passing through 

the internal heat exchanger will be further cooled, making it enter the evaporator with a lower 

specific enthalpy and increasing the cooling effect. On the other hand, the suction gas is over-

heated, leading to higher compressor discharge temperature and a corresponding increase in 

compressor consumption. Finally, depending on the refrigerant studied, the COP change may 

be positive or negative. According to the applicable occasions of R134a, the thermodynamic 

calculation program of the refrigeration cycle is compiled, and the calculation is obtained. The 

thermodynamic performance parameters for the basic refrigeration cycle and the refrigeration 

cycle with the internal heat exchanger of the R13I1/R134a and the basic refrigeration cycle of 

the R134a are calculated. The condensation temperature is selected as 40 °C, 50 °C, and 

60 °C, and the evaporation temperature is –20 °C to 10 °C. The calculation formula comes 

from [21, 22]. The assumptions used in the calculation are: 

– The isentropic efficiency and volumetric efficiency of the compressor are 0.75 and 0.82, 

respectively. 
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– The rotational speed and displacement of the compressor are 2000 rpm and 33 cm3/rev, 

respectively. 

– There is no pressure drop in the condenser, evaporator, or each refrigeration pipeline. 

– There is no heat exchange loss with the outside world in the system. 

– The specific enthalpy of the refrigerant before and after the throttle valve remains un-

changed. 

– The efficiency of the regenerator is 0.3. 

– Both the basic refrigeration cycle and the refrigeration cycle with regenerator have a de-

gree of superheat and subcooling of 2 °C. 

 

Figure 1. Basic refrigeration cycle and P-h diagram 

 

Figure 2. Refrigeration cycle with internal heat exchanger and P-h diagram 

Results and discussion  

Cycle performance analysis 

The comparison of mass-flow rate of R1234yf/R13I1 and R134a vs. the evaporation 

temperature is shown in fig. 3. It can be seen from the figure that the mass-flow rate of 

R1234yf/R13I1 is about higher than that of R134a by 26% and 18%, respectively, under the 

basic refrigeration cycle and the refrigeration cycle with internal heat exchanger (IHX). This 

is because the suction density of R1234yf/R13I1 is relatively large. The mass-flow rate basi-

cally unchanged with the increase of the condensation temperature. This is because at differ-
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ent condensation temperature, when the evaporation temperature is constant, the correspond-

ing suction density is equal. Therefore, the change in mass-flow rate caused by the condensa-

tion temperature can be ignored.  

The comparison of pressure ratio of R1234yf/R13I1 and R134a vs. the evaporation 

temperature is shown in fig. 4. It can be seen from the figure that when the condensation tem-

perature is 40 °C, 50 °C, or 60 °C, the pressure ratio of the R1234yf/R13I1 under basic refrig-

eration cycle and the refrigeration cycle with internal heat exchanger is smaller than that of 

R134a by 5-12%, 7-13%, and 8-14%, respectively. The pressure ratio difference between the 

two refrigerants decreases with the increase of the evaporation temperature and increases with 

the increase of the condensation temperature. The pressure ratio mainly affects the volumetric 

efficiency of the compressor, therefore, the R1234yf/R13I1 can operate with a higher volu-

metric efficiency of the compressor. 

Figure 3. Variation of mass-flow rate 
vs. evaporator temperature 

Figure 4. Variation of pressure ratio 
vs. evaporator temperature 
 

The comparison of compressor power consumption of R1234yf/R13I1 and R134a 

vs. the evaporation temperature is shown in fig. 5. It can be seen from the figure that when 

the condensation temperature is 40 °C, 50 °C, and 60 °C, the compressor power consump-

tion of R1234yf/R13I1 under the basic refrigeration cycle is about 2.2%, 2.8%, and 3.4% 

less than that of R134a, respectively. The compressor power consumption of 

R1234yf/R13I1 under the refrigeration cycle with internal exchanger is about 1.5%, 1.9%, 

and 2.2% less than that of R134a, respectively. This is mainly because the isentropic com-

pression ratio of R134a is higher. It can also be seen from the figure that the compressor 

power consumption of the R1234yf/R13I1 under the refrigeration cycle with internal ex-

changer is greater than that of the R1234yf/R13I1 under basic refrigeration cycle. This is 

mainly because the specific enthalpy of the suction point under the refrigeration cycle with 

internal exchanger is higher than that of the basic refrigeration cycle, resulting in an increase 

in the compression specific work, thereby increasing the compressor power consumption 

accordingly.  

The comparison of cooling capacity of R1234yf/R13I1 and R134a vs. the evapora-

tion temperature is shown in fig. 6. It can be seen from the figure that when the condensa-

tion temperature is 40 °C, 50 °C, and 60 °C, the cooling capacity of the R1234yf/R13I1 un-
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der the basic refrigeration cycle is about 6.5%, 9% and 12.5% smaller than that of R134a, 

respectively. The cooling capacity of R1234yf/R13I1 under the refrigeration cycle with in-

ternal exchanger is about 3%, 4.5%, and 6.5% smaller than that of R134a, respectively. The 

difference in cooling capacity increases with the increase of evaporation temperature and 

increases with the decrease of condensation temperature. It can be seen from the figure that 

the cooling capacity of R1234yf/R13I1 under the refrigeration cycle with internal exchanger 

is greatly improved compared with the cooling capacity of R1234yf/R13I1 under the basic 

refrigeration cycle. This is because under the refrigeration cycle with internal exchanger, the 

R1234yf/R13I1 is subcooled again at the outlet of the condenser, and the specific enthalpy 

value is further reduced. Due to the large mass-flow rate of the R1234yf/R13I1, a small 

change in the specific enthalpy value will cause correspondingly large cooling capacity 

changes.  

Figure 5. Variation of compressor power 
consumption vs. evaporator temperature 

Figure 6. Variation of cooling capacity vs. 
evaporator temperature 
 

The comparison of COP of R1234yf/R13I1 and R134a vs. the evaporation tem-

perature is shown in fig. 7. It can be seen from the figure that when the condensation tem-

perature is 40 °C, 50 °C, and 60 °C, the COP of R1234yf/R13I1 under the basic refrigera-

tion cycle is about 4.5%, 6.5%, and 9.5% lower than that of R134a, respectively. The COP 

of the R1234yf/R13I1 under the refrigeration cycle with internal exchanger is approximately 

1.5%, 2.5%, and 4.5% lower than that of R134a. The COP difference decreases with the in-

crease evaporation temperature and decreases with increase condensation temperature. The 

COP of the R1234yf/R13I1 under the refrigeration cycle with internal exchanger is im-

proved obviously compared with the COP of R1234yf/R13I1 under the basic refrigeration 

cycle. 

The comparison of compressor discharge temperature of R1234yf/R13I1 and 

R134a vs. the evaporation temperature is shown in fig. 8. The compressor discharge temper-

ature is the main factor affecting the service life of the compressor. Higher compressor dis-

charge temperatures will affect lubricant performance, thus reducing the service life of the 

compressor. It can be seen from the figure that when the condensation temperature is 40 °C, 

50 °C, and 60 °C, the compressor discharge temperature of the R1234yf/R13I1 under basic 

refrigeration cycle is about 6-14 °C, 8-15 °C, and 9-16 °C lower than that of R134a, respec-
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tively, while the compressor discharge temperature of the R1234yf/R13I1 under the refrig-

eration cycle with internal heat exchanger is basically the same as that of R134a. It can be 

concluded that when R1234yf/R13I1 replaces R134a, the compressor will have a relatively 

longer life under basic refrigeration cycle, while the life will not be affected much under the 

refrigeration cycle with internal heat exchanger. The compressor discharge temperature of 

the R1234yf/R13I1 under the basic refrigeration cycle is higher than that of the 

R1234yf/R13I1 under the refrigeration cycle with internal heat exchanger, this is because 

the refrigerant gas passing through the internal heat exchanger is further overheated, the 

specific enthalpy of refrigerant at the suction point increases, and the compressor compress-

es to the same exhaust pressure, the specific enthalpy of the exhaust gas increases, thereby 

increasing the compressor discharge temperature. 

Figure 7. Variation of COP vs. evaporator 
temperature 

Figure 8. Variation of compressor discharge 
temperature vs. evaporator temperature 

Safety performance analysis 

The R1234yf has a self-ignition point of 405 °C. It is weakly flammable. The flam-

mability of R1234yf is much lower than that of several known flammable refrigerants. The 

R1234yf is a low-toxic chemical substance. The R13I1 is a new type of fire extinguishing 

agent developed as a substitute for halon. It has excellent environmental performance, with no 

ozone layer depletion and greenhouse effects, and it is non-combustible. The research results 

on its toxicity are encouraging. Lee et al. [23] has tested that adding 10% R134a to R1234yf 

can make the mixture non-flammable. The flame retardancy coefficient of R13I1 is much 

greater than that of R134a [24], so it can be inferred that R1234yf/R13I1 is non-flammable, 

and the safety performance of R1234yf/R13I1 is high. 

Compatibility of materials 

The R1234yf is inactive and corrosive to all metal materials, including carbon steel, 

stainless steel, copper, brass, etc, which is commonly used in refrigeration equipment. How-

ever, it can react with aluminum, magnesium, and zinc, especially aluminum, magnesium, and 

zinc that remove the surface oxide layer. It should be banned in this equipment. The R1234yf 
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is less corrosive to plastics and rubber. The R1311 will not react with or show corrosion to the 

sealing materials (such as neoprene, polybutadiene, etc.) and metal materials (such as copper, 

stainless steel, etc.). The R1311 do not react with aluminum, magnesium, zinc and other met-

als, so there will be no problem in the selection of materials. 

Lubricating oil 

The R134a is compatible with ester oil but has a low affinity for mineral oil or alkyl-

benzene oil, making it incompatible with all mineral oils. The R1234yf is compatible with 

most lubricants. The R13I1 has good oil solubility and thermal stability. From this, it can be 

inferred that R1234yf/R13I1 does not need to replace the lubricating oil of the original com-

pressor when replacing R134a. 

Conclusions 

This paper proposes a new type of mixed refrigerant R1234yf/R13I1 (90/10 by 

mass). It theoretically calculates the basic refrigeration cycle and the refrigeration cycle with 

internal heat exchanger at different condensation and evaporation temperatures. The ther-

modynamic performance are compared with the basic refrigeration cycle of R134a. The fea-

sibility of replacing R134a in vapor compression system is discussed. The conclusions are 

as follows. 

 The temperature glide of R1234yf/R13I1 is relatively small, which can be approximated

as an azeotropic mixture. The R1234yf/R13I1 is very friendly to the environment, with

zero ODP and GWP of less than 4. The R1234yf/R13I1 is essentially non-flammable and

safe.

 Under the basic refrigeration cycle, the compressor power consumption, cooling capacity,

COP and compressor discharge temperature of R1234yf/R13I1 are about 4.5%, 9.5%,

7.5%, and 11°C lower than those of R134a, respectively. Under the refrigeration cycle

with internal heat exchanger, the compressor power consumption, cooling capacity and

COP of R1234yf/R13I1 are about 2%, 4.5% and 3% smaller than those of R134a, respec-

tively. The compressor discharge temperature of R1234yf/R13I1 is basically equal to that

of R134a. The R1234yf/R13I1 is an ideal refrigerant for replacing the R134a in vapor

compression system. If nanoparticles are added in the refrigerants as that discussed in [2],

the thermal transfer will be greatly enhanced, and the nanofluid mechanics [25-28] can be

used for analysis of the refrigerator systems.
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