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ABSTRACT 

Automobile manufacturers are being compelled to use parts with lower environmental impact due to 

stricter environmental regulations. One promising alternative is the R1234yf refrigerant, which has a 

significantly lower Global Warming Potential (GWP) compared to the widely used R134a. In order to assess 

the performance of these two refrigerants and explore potential improvements for R1234yf, a study was 

conducted. The research focused on the advantages of incorporating an Internal Heat Exchanger (IHX) into 

a standard automobile air conditioning system that utilizes R1234yf. The tests were conducted under 

varying compressor speeds and air temperatures. The findings revealed that using R1234yf with an IHX 

achieved a comparable cooling capacity (7.25 kW) to that of an R134a system (7.05 kW), even under more 

challenging conditions. Furthermore, the Coefficient of Performance (COP), which indicates efficiency, was 

higher for the R1234yf with IHX system (4.3) compared to the baseline R134a system (4.2). Based on this 

study, it can be inferred that R1234yf, when combined with an IHX and a well-designed evaporator, can be 

a favourable choice for car air conditioning systems with minimal environmental impact. Switching from 

R134a to R1234yf provides a solution to address environmental concerns without compromising system 

performance.  
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1.INTRODUCTION  

Various applications have employed refrigerants 

that have the potential to significantly contribute 

to global warming, with automobile air 

conditioning being an important area of use. 

R134a is a widely used refrigerant in automobiles 

due to its non-toxic, non-corrosive, and non-

flammable properties. It is widely used in various 

industries, including refrigeration, polymer foam 

blowing, and aerosol products. In the plastic foam 

blowing industry, R134a is used as a blowing 

agent to create foam insulation for various 

applications, such as in construction and 

packaging. The automobile industry has also 

been using R134a as a replacement for CFC12 

since 1994. CFC12 was a popular refrigerant used 

in automobile air conditioning systems, but it was 

found to have a high ozone depletion potential. 

R134a, on the other hand, has no ozone depletion 

potential, making it a safer and more 

environmentally friendly alternative. R134a is a 

chemical compound that consists of two carbon 

atoms, two hydrogen atoms, and four fluorine 

atoms. The letter 'a' in its name represents a 

constant or serves as an indicator. 

The Montreal Protocol, established in 1987, 

recognized that certain refrigerants were 

depleting the ozone layer and recommended 

replacing them with refrigerants that have a 

reduced ability to contribute to global warming. 

Furthermore, the European Union (EU) has 

prohibited the use of R134 in newly 

manufactured models of mobile air conditioning 

systems. Vapour compression cycles, which 

primarily function in automobile air conditioning 

systems, frequently employ R134a refrigerant. 

However, its global warming potential of 1430 

exceeds the threshold set by the Montreal 

Protocol, necessitating its gradual elimination 

and the development of a new refrigerant with a 

reduced capacity to contribute to global warming 

for automobile air conditioning systems.  

There is a clear need to find better alternatives 

that do not deplete the ozone layer and have 
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absolutely no association with climate change. A 

new refrigerant, R1234yf, has a lower GWP than 

R134a. The GWP of R1234yf is 4, which means it 

satisfies the criteria of the automobile air-

conditioning guideline that was issued in July 

2006. In the past, maintaining a higher coefficient 

of performance was not as critical due to 

relatively low energy prices.  

However, in today's context, a higher coefficient 

of performance is of utmost importance for the 

following reasons.  

i. Compared to the last refrigerant 

adjustment, energy expenses in general 

have risen sharply.  

ii. The coefficient of performance drops as 

a result of switching to refrigerants 

having a reduced global warming 

potential. The refrigeration ratio's effect 

on the system's input network measured 

as coefficient of performance. 

A vapour compression refrigeration system's 

coefficient of performance may be improved in 

two ways:  

i. By increasing the refrigeration effect  

ii. By reducing the work input to the 

system.  

R134a remains the most common refrigerant 

used in automobile air conditioning systems 

today. According to the Environmental Protection 

Agency’s (EPA) 2021 air-conditioning refrigerant 

regulation and motor vehicle directive, to protect 

environment, beginning of January 1, 2028, new 

passenger vehicles cannot utilize refrigerants 

with a global warming potential higher than 150. 

That is why we need to find an alternative to 

R134a. With certain adjustments to the 

expansion valve and design modifications 

R1234yf, a refrigerant with comparable 

thermodynamic qualities, may be used as a 

suitable alternative for R134a. 

Generic experimental studies comparing R134a 

and R1234yf refrigerants under different 

operating conditions with and without an 

internal heat exchanger (IHX) revealed that a 

decrease of 13 to 6 percent in cooling capacity 

and coefficient of performance was observed 

when R134a was substituted with R1234yf. 

Additionally, the reduced efficiency of the 

internal heat exchanger contributed to a further 

decrease in performance, ranging from 6 to 2 

percent (Esbr, J. N et al, 2013). 

As a better alternative to R134a, R1234yf has a 

molecular weight and typical boiling point that 

are almost equal. Some have proposed R1234yf 

as a substitute for R134a in portable air 

conditioners since it is less likely to cause climate 

change and works just as well. Even though it's 

essential for home air conditioning, its 

performance isn't up to par with R410a. It should 

be mentioned that air conditioning is an 

important component of contemporary 

automobiles, especially in hot climates like the 

tropic (Alison et al, 2014). 

In mobile air conditioning applications, the 

environmental friendly refrigerant R1234yf is 

being investigated as a substitute for R134a due 

to its comparable thermal properties. According 

to the various experimental results, R1234yf has 

the best thermal performance of all refrigerants 

and performs comparable to R134a in all metrics. 

2.EXPERIMENTAL SETUP 

2.1.Apparatus and Procedures 

The fundamental vapor compression system, 

which acts as the operational foundation for the 

majority of refrigeration and air conditioning 

systems, consists of four primary components: a 

compressor, a condenser, an evaporator, and a 

thermal expansion valve. In this scenario, the 

reference system utilized for comparison 

purposes is an R134a HVAC system, where the 

R134a refrigerant is substituted with R1234yf for 

performance assessment.. 

The compressor is a crucial component in any 

heating, ventilation, and air-conditioning (HVAC) 

system as it is responsible for increasing the 

pressure and temperature of gas, producing 

superheated vapor that is then pumped into the 

condenser. This ensures the continuous flow of 

refrigerant, making the compressor vital to the 

HVAC system. For the experiment, an 80cc vane 

rotary compressor was utilized.  

The condenser in the HVAC system plays a key 

role in converting the superheated vapor into a 

liquid state through a phase change process, 

reducing its temperature. The resulting saturated 
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liquid is then transferred to the evaporator. In 

automotive HVAC systems, the condenser is 

typically positioned between the engine-cooling 

radiator and the car's grille, where the refrigerant 

heat is dissipated, transforming into refrigerant 

liquid before being transferred to the evaporator. 

A super high power (SPH) condenser with a 

diameter of 16mm was selected for the 

experiment. The Thermal Expansion Valve (TXV) 

is responsible for lowering the pressure and 

temperature of the refrigerant from the 

condenser, providing a low-pressure refrigerant 

with reduced temperature to enter the 

evaporator. This valve regulates the flow rate of 

refrigerant into the evaporator. Various cross-

charged 2.0T TXV models were employed for this 

purpose.  

 

Table 1: Validation Matrix 

Table 1 illustrates the process parameters and 

combinations employed for the performance 

evaluation typically conducted in the automobile 

industry. The compressor rotating speed is tested 

at three different levels: 2500 RPM, 1800 RPM, 

and 800 RPM. Additionally, the evaluation 

includes three varying values for the condenser 

inlet temperature: 45°C, 37°C, and 27°C, as well 

as the evaporator inlet temperature: 43°C, 35°C, 

and 25°C. 

The enhanced configuration includes an internal 

heat exchanger and a high-efficiency evaporator. 

The internal heat exchanger (IHX) is a component 

utilized to improve the HVAC system's 

performance by subcooling the refrigerant prior 

to entering the evaporator. Its primary purpose is 

to facilitate heat transfer between low and high-

pressure zones. This feature is specifically 

integrated into HVAC systems to enhance the heat 

exchange between the high-temperature liquid 

entering the evaporator from the condenser and 

the low-temperature vapor entering the  

 

compressor from the evaporator. By optimizing 

heat transfer, the cooling capacity and COP of the 

system are enhanced by reducing the necessary 

inlet quality to the evaporator. Consequently, 

manufacturers of air conditioning and 

refrigeration systems widely employ internal 

heat exchangers to improve the efficiency of the 

refrigeration cycle without the need to substitute 

commonly used refrigerants like R134a. To 

enhance fuel economy, it is imperative to utilize 

energy efficiently without compromising vehicle 

performance. HVAC systems consume a 

significant amount of energy, impacting the fuel 

efficiency of vehicles, which can be partially 

mitigated by incorporating an internal heat 

exchanger. However, the presence of an internal 

heat exchanger before a compressor may result 

in releasing higher temperature refrigerant into 

the compressor, potentially causing adverse 

effects on its durability. Therefore, careful 

consideration should be given to the application 

of internal heat exchangers in HVAC systems. 
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Figure 1: Experimental Set of HVAC 

The impact of IHX on automotive HVAC systems 

utilizing R1234yf has been the subject of recent 

research by various scholars. Direk et al. 

conducted a study highlighting the importance of 

this technology, revealing that the cooling 

capacity increased by approximately 12% and 

the COP saw a 6% enhancement. Additionally, the 

compressor power exhibited an improvement of 

up to 8%. Volumetric and Isentropic efficiency 

were also found to be enhanced by minimizing 

total exergy destruction. Therefore, the 

incorporation of IHX with R1234yf in automotive 

HVAC systems is expected to significantly 

enhance both the COP and cooling capacity [15]. 

Traditional automotive HVAC systems typically 

consume a substantial amount of energy, 

impacting fuel efficiency. The integration of IHX 

with the HVAC system reduces energy 

consumption, thereby enhancing fuel efficiency. 

According to research conducted by Li et al., a 

14% reduction in energy consumption can be 

achieved at an ambient temperature of 25°C [16]. 

The baseline setup's plate fin type evaporator has 

been substituted with a tube-fin type to reduce 

air side pressure drop. The evaporator, 

constructed of prime-surface bare-tube coil, is 

categorized as finned-tube evaporators. It 

incorporates metal fins or plates to enhance the 

surface area for heat transfer and is more 

compact in size, yet provides comparable heat 

transfer capacity to a larger prime-surface 

evaporator. 

3. RESULTS AND DESCUSSION 

3.1. Performance comparison of R134a and 

R1234yf 

Based on Figure 2, it can be observed that the P-T 
curve for both refrigerants is similar. The 
saturation pressure of R1234yf is higher below 
30°C and lower above 30°C compared to R134a.  

The comparison of Superheat (SH) between the 
two refrigerants at various evaporator inlet 
temperatures (25°C, 35°C, 43°C) for different 
compressor rotating speeds (2500, 1800, and 
800 RPM) is summarized in Table 2. 

 
Figure 2: Pressure Vs Temperature Diagram for 

R134a and R1234yf refrigerants 

 
Table 2: Superheat (SH) Temperature of R134a and R1234yf 
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Figure 3: SH Comparison of R134a and R1234yf 

3.2 Effect of IHX on Cooling Capacity  

Based on Figure 4, the inclusion of IHX enhances 

the cooling capability of the HVAC system for both 

refrigerants. R134a demonstrates a higher 

cooling capacity with and without IHX compared 

to R1234yf. However, the cooling capacity of 

R1234yf with IHX falls within an acceptable 

range and is closer to the values of R134a. 

Varying the compressor rotating speed from 800 

to 1800 RPM results in an improvement in 

cooling capacity, but this improvement 

diminishes when the speed is increased to 2500 

RPM, particularly for R134a with IHX. The 

positive impact of IHX on cooling capacity is 

impeded by the rising compressor speed. When 

the compressor speed is set at 1800 and 2500 

RPM, R134a baseline exhibits a higher COP than 

R134a IHX, unlike R1234yf where IHX boosts the 

cooling capacity more as the compressor speed 

increases. Additionally, the cooling capacity 

values are seen to rise with an increase in 

evaporator inlet temperature, as outlined in 

Table 3. 
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Table 3: Cooling Capacity Vs Evaporator airflow Temperature 

 

Figure 4: Cooling Capacity comparison of R134a and R1234yf 

The utilization of an internal heat exchanger 

(IHX) results in a higher COP for R1234yf in most 

cases, highlighting the importance of IHX. The 

COP improvement is evident for both 

refrigerants, with R1234yf showing a more 

significant enhancement. It is noted that the COP 

decreases as the evaporator inlet temperature 

and compressor speed increase across all 

systems, as illustrated in Table 4 and Figure 5. 
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Table 4: COP with IHX Vs Evaporator airflow Temperature 

 

Figure 5: Cooling Capacity comparison of R134a and R1234yf 

The utilization of an internal heat exchanger 

(IHX) results in a higher COP for R1234yf in most 

cases, highlighting the importance of IHX. The 

COP improvement is evident for both 

refrigerants, with R1234yf showing a more 

significant enhancement. It is noted that the COP 

decreases as the evaporator inlet temperature 

and compressor speed increase across all 

systems, as illustrated in Table 4 and Figure 5. 

The highest COP is achieved by R1234yf with IHX 

at an evaporator inlet temperature of 25°C and a 

compressor speed of 800RPM. Additionally, the 

integration of IHX in the HVAC system positively 

affects the compressor discharge temperature. 

While the highest values are seen in the R134a 

IHX system compared to the R1234yf IHX system, 
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the values of the R1234yf IHX system remain 

within an acceptable range and exceed the 

compressor discharge temperature of the R134a 

baseline system. 

 

Table 5: Compressor Discharge Temperature 

 

Figure 6: Compressor Discharge Temperature 

By incorporating IHX and a high efficiency 

evaporator, the performance of R1234yf in HVAC 

systems can be enhanced. The results indicate 

that the R1234yf IHX system outperforms the 

R134a baseline system in terms of cooling 

capacity, COP, and compressor discharge 

temperature. 
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4.CONCLUSIONS 

The experimental study conducted aimed to 

investigate the cooling capacity of R1234yf with 

an internal heat exchanger (IHX) compared to a 

baseline using R134a. At a compressor speed of 

800 RPM and an evaporator airflow temperature 

of 25°C, the cooling capacity for R134a is 3.6 kW, 

whereas it increased to 4.3 kW for a higher 

temperature of 35°C. The same trend is observed 

for R1234yf, where the cooling capacity climbs 

from 3.3 kW to 4.2 kW as the temperature rises 

from 25°C to 35°C. By increasing the evaporator 

airflow temperature from 25°C to 43°C at a 

compressor speed of 1800 RPM results in a rise 

in cooling capacity from 5.8 kW to 6.6 kW for 

R134a and from 6.2 kW to 6.7 kW for R1234yf 

which showed a increase of 8%. The result 

elucidates that the cooling capacity increases 

with higher compressor speeds. At an evaporator 

airflow temperature of 35°C, the cooling capacity 

for R134a rises from 5.8 kW at 1800 RPM to 6.0 

kW at 2500 RPM. The same trend is seen for 

R1234yf, where the cooling capacity increases 

from 6.2 kW to 7.05 kW as the compressor speed 

goes from 1800 RPM to 2500 RPM which showed 

increase cooling capacity of 13.7%. The results of 

the study revealed that the use of R1234yf with 

IHX led to improved performance in several key 

areas when compared with R134a. This suggests 

that R1234yf with IHX is more energy-efficient, 

potentially leading to reduced fuel consumption 

and lower greenhouse gas emissions. 

The experimental results with the compressor 

speed and coefficient of performance (COP) with 

IHX for different evaporator airflow 

temperatures showed that the compressor speed 

and COP both are lower for R1234yf compared to 

R134a at all evaporator airflow temperatures. At 

an evaporator airflow temperature of 25 °C which 

is the lower ambient operations, for the 

compressor speed for R134a is 2500 RPM the 

COP was 3.1, while the for same compressor 

speed for R1234yf COP is 3.3. When the 

compressor speed and evaporator airflow 

temperature both increased then the COP 

decreased for same refrigerant, but when R134a 

is compared with R1234yf with IHX COP showed 

a improvement of 6.5%. Considering refrigerant 

type of R134a, when the compressor speed is 

2500 RPM and the COP 2.0 at an evaporator 

airflow temperature of 35°C, while the for 

R1234yf COP was 2.3 which showed an 

improvement of 15% improvement. The result 

clearly indicates that at higher operating 

conditions of speed and temperature, R1234yf 

with IHX was comparable or showed 

improvement with R134a systems. This is an 

important finding as it indicates that R1234yf 

with IHX shall effectively meet the cooling 

demands of automobile air conditioning systems. 

Experimental studies confirm that R1234yf with 

IHX surpasses the average performance of the 

R134a baseline. This translates to lower energy 

consumption for the same cooling output, 

making the system more environmentally 

friendly and cost-effective in the long run. In 

terms of cooling capacity, the IHX configuration is 

equally impressive. It allows the R1234yf system 

to either match or even exceed the cooling 

capacity of the R134a baseline. 
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