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Abstract. An air conditioning system with refrigerant R1234yf  for off-road vehicles is experimentally evaluated. For 

an ideal load, previously established, the effect of the variation in air inlet temperatures of evaporator and condenser 

and the compressor speed were verified on the main performance parameters. As the evaporator air temperature 

increases, the refrigeration capacity, compressor power and COP also increase, but the latter less significantly. In 

condenser, the increases in the air temperature had the opposite effect, in addition, it required an increase the mass 

flow rate and subcooling and superheating temperatures decreased. 
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1. INTRODUCTION  

 

The natural refrigerant hydrofluoroolefin HFO-R1234yf has been experimentally studied as a promising substitute 

for R134a in automotive AC applications. It has zero ODP, low GWP, similar thermophysical properties and it can 

work at similar operating conditions (Tanaka and Higashi, 2010; Rotchana and Suen, 2012; McLinden et al., 2013), 

showing good drop-in performance (Spatz and Minor, 2008; Zilio et al., 2011; Lee and Jung, 2012).  

Experimental and theoretical studies have compared the mobile air conditioning (MAC) cycle performance of 

HFO-1234yf with that of R134a using drop-in replacement. Zilio et al. (2011) verified that the R1234yf cooling 

capacity and COP in a MAC are considerably lower than those obtained with R134a, and they suggest some hardware 

modifications in order to reduce the different between both refrigerants.  Jarall (2012) theoretically and experimentally 

compared the cycle performance of HFO-1234yf with that of R134a using drop-in replacement. The results shown that 

superheating and subcooling temperature play more important roles than that of R134a system. The performance of 

R1234yf system was less than that of R134a system in terms of cooling capacity, COP and compressor efficiency.  

Lee and Jung (2012) obtained COP and cooling capacity of R1234yf up to 2.7% and 4.0% lower when compared to 

R134a. Cho et al. (2013) observed that the addition of an IHX (internal heat exchanger) in MAC can approach the 

R1234yf performance to those of R134a. Alternatively, this substitution has been proposed in refrigeration applications. 

Qi (2013) demonstrated that although R1234yf performs worse than R134a in laminated plate evaporator, the R1234yf 

cooling capacity is comparable and/or larger in microchannel parallel flow evaporator. In another work, this author (Qi, 

2015) performed a thermodynamic analysis for R1234yf MAC system under various operation conditions. It was found 

that superheat was few benefits for both COP and cooling capacity. However, increasing subcooling, these parameters 

could be improved by 15% if compressor consumption power was fixed. Navarro- Esbrí et al. (2013a) studied R1234yf 

performance in a vapor compression system varying a wide range of condition, concluding that the cooling capacity and 

COP for R1234yf are about 9% and 19% lower than those obtained using R134a. The same authors (Navarro-Esbrí 

et al., 2013b) compared the influence of an IHX in systems with R134a and R1234yf. The results for energy 

performance were better using R1234yf. Lastly, in the case of the two-phase heat transfer, great similarities were found 
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between R134a and R1234yf, in a review made by Wang (2013). The greatest differences took place for in-tube 

condensation, being heat transfer coefficient of R1234yf lower to those of R134a.  

A previous experimental study (Noetzold  et al., 2016) was carried out to verify the feasibility of direct substitution 

of R134a of a typical AC for off-road vehicles (6.4 kW nominal capacity) with minimum modifications. The optimum 

load and performance of this refrigerant has been established for this application, which has a very high refrigeration 

capacity to provide a cool down. The initial results shown, for air inlet temperature conditions at 40 °C and relative 

humidity of 43%, that the system with the R1234yf has slightly lower values of cooling capacity and COP, and a higher 

superheating temperature, and the system reaches the optimal refrigerant charge with 50 g more than with R134a.  

In this work, the analysis of system with R1234yf is extended by investigating experimentally the effect of the air 

temperature at the evaporator and condenser inlet, considering the results of optimum charge of previous work.  

 

2. EXPERIMENTAL PROCEDURE AND DATA REDUCTION 

 

The experimental setup utilized for automotive AC performance measurements is shown in Fig. 1, and consists a 

wind tunnel and a calorimeter, for evaluation of condensers and evaporators, respectively, which provide controlled 

temperature, relative humidity and airflow rate. The system is composed by the typical automotive AC components like 

a belt driven compressor, condenser, thermostatic expansion valve and an evaporator box. In the experiment were 

measure temperatures in different points of the refrigerant circuit and the air, absolute pressure at the inlet of evaporator 

and condenser, and differential pressure in these heat exchangers. In the liquid line, after the filter drier, a Coriolis mass 

transmitter measure the refrigerant mass flow rate. The air side volumetric flow rate, and consequently the air velocity, 

was measured using two plate nozzles and two pressure transmitters. 

During the experiments, the major operating parameters were monitored graphically and numerically in real time by 

an Agilent 34980A data acquisition system, controlled by a personal computer. All data were stored for later analysis 

and graphical representation. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 1. The schematic diagram of the experimental setup. 

 

The charge of new refrigerant R1234yf was previously established with a study comparative with R134a to evaluate 

the possibility of direct drop-in replacement (Noetzold et al., 2016). Then, considering the charge of 1150 g, the 

analysis of the effect of air temperatures at the inlet of the evaporator and the condenser, was developed. The evaporator 

inlet air temperature ranged from 15 to 40 °C, while in the condenser ranged from 25 to 45 °C.  

For the studies at the condenser, the evaporator air inlet temperature was kept at 28 °C and relative humidity was set 

50 % in order to reflect the driving conditions in summer season (Benouali and Clodic, 2003). Similarly, to the study of 

the evaporator, the condenser inlet air temperature was kept at 38 °C accordingly SAE J1503 that outlines the tests 

procedures for off-road self-propelled work machines, like general purpose industrial, agricultural and forestry 

machines. The compressor speed was set at 2000 rpm. For each experiment the operating conditions of the air 

conditioning were considered in steady state when the air side inlet temperatures at the condenser and the evaporator 

remained between ± 0,5 ºC.  

The evaporator cooling capacity, QE, the condenser capacity, QC, and compressor power, WC, were calculated by 

energy balances in the components, considering the enthalpies in the temperature and pressure of each thermodynamic 

state of the cycle, like the following equations:  
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)( ,, ocicrC hhmQ             (2) 

 

where 
rm is the refrigerant mass flow rate, he,i and he,o are the inlet and outlet evaporator enthalpies and hc,i and hc,o are 

the inlet and outlet condenser enthalpies. The thermodynamic properties of R1234yf were obtained from REFPROP 

software (Lemmon and McLinden, 2009).  The performance of the system, COP, was calculated accordingly:    

  

     

C

E

W
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COP                              (3) 

  

Subcooling, evaluated at the condenser outlet and superheat evaluated at the compressor inlet are defined 

accordingly Eq. (4) and (5):  

  

liqc,satsc TTT               (4) 

e,sat
_

vapsh TTTΔ =              (5) 

 

where Tsat,c is the saturated liquid temperature at condensing pressure, Tliq  is the refrigerant temperature in the liquid 

line, Tsat,e is the saturated vapor temperature at the evaporator pressure and  Tvap is the refrigerant temperature in the 

suction line. 

 

  

3. RESULTS 

 

Table 1 presents some basic properties of the two refrigerants used in this work. R1234yf and R134a have similar 

values for molar mass, critical temperature, reduced pressure and specific heat. The heat of vaporization of R1234yf is 

smaller, about 21% the value of R134a. 

 

Table 1. Characteristics and properties of R1234yf and comparison with R134a for 20ºC. 

 

 R1234yf R134a 

GWP (100 anos) < 4 1430 

ODP  0 0 

Molar mass (kg/kmol) 114 102 

Critical temperature and pressure (ºC/MPa) 94.7/3.382 101/4.059 

Saturation pressure20 ºC (kPa); Reduced pressure (-) 591.7/0.175 571.7/0.14 

Density vapor/liquid (kg/m³) 32.84/1110 27.8/1225 

Specific volume vapor/liquid (m
3
/kg) 0.03045/0.0009008 0.03597/0.0008163 

Liquid thermal conductivity (mW/mK) 64.77 85.62 

Specific heat liquid/vapor (kJ/kgK) 1.33/1.024 1.4/1.0 

Liquid viscosity (Pa-s) 171.2 206.8 

Heat of vaporization (kJ/kg) 150.2 182.27 

 

3.1. R1234yf and R134a comparison 

 

In Figure 2 are presented in a pressure-enthalpy diagram the cycle operating conditions using R1234yf, for air 

temperatures at the condenser and evaporator inlet equal to 40 ºC.  Under these conditions, the cycle has a compressor 

discharge pressure of 1576 kPa, corresponding to a saturation temperature of 58.2 ° C. The subcooling at condenser 

outlet is 8.5 K. The refrigerant quality at the evaporator inlet is 28.1% and the superheating at evaporator exit is 6 K. 

The enthalpy change in the evaporator is 88 kJ/kg. When operating with R134a, the same parameters were measured, 

resulting in: compressor discharge pressure of 1730 kPa, corresponding to a saturation temperature of 60.5 °C, 

subcooling is 8.5 K, refrigerant quality 26,3% and the 3.5 K of superheating, enthalpy change in the evaporator is 

137 kJ/kg, approximately 55% higher. 
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Figure 2. R1234yf cycle representation. 

 

 

In Figure 3a the results of the tests are presented in terms of evaporator capacity. For air temperatures at the 

evaporator inlet at 35 and 30 °C, the R1234yf evaporator capacity was lower, between 25 and 15% and for the 

temperature of 20 °C the capacity reduction was more pronounced, between 30 and 41%. The results are similar to 

those by Zilio et al. (2011), who found lower evaporator capacities for the R1234yf, ranging from 12 to 20% for air 

temperatures of 25 °C, and 15 to 24% for air temperatures of 35 °C. Jarall (2012) also experimentally analyzed the 

direct replacement of R134a by R1234yf in a stationary AC system with a hermetic compressor rated at 550 W and 

operating at refrigerant saturation temperatures in the condenser at 40 and 45 °C. In the tests, the saturation temperature 

in the evaporator varied between -5 and 15 °C. The results showed lower capacities in the evaporator, between 3.4 and 

11.15% and of 7.6 and 13.7% for condenser temperatures of 40 and 45 ºC, respectively.  

Although the compression powers of the cycle with R1234yf are smaller, its lower evaporator capacity results in 

lower COP (Figure 3b), between 15 and 7%, for all the test conditions performed. According to the study of Navarro et 

al. (2013), the COP for the system using R1234yf were 11 to 24% lower than the system operating with R134a. 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 3. Cooling capacity (a) and COP (b) for different compressor speed and refrigerants R134a and R1234yf.    

 

The pressure drop in the condenser is higher in the system operating with R1234yf with evaporator air inlet 

temperature of 35 ° C, as shown in Figure 4a. With air entering at 30 °C, the pressure loss was practically identical for 

both refrigerants, but at 20 °C, the trend reversed and R134a showed a greater pressure loss. Moreover, the tendency is 

to increase the pressure drop as compressor speed increases. 

The pressure drop in the evaporator, shown in Fig. 4b, has the same behavior, is higher for R1234yf, increasing 

with both, evaporator air inlet temperature and compressor speed. The highest pressure drop values for R134a and 

R1234yf were 145 and 160 kPa, which represents a variation in saturation temperature of 12.1 and 13.5 ºC, respectively, 

operating at 35 °C and 3500 rpm. The smallest were 87 and 92 kPa, representing a variation in saturation temperature of 

7.7 and 8.7 ºC, operating at 20 ° C and 1500 rpm.  

Cho et al. (2013) performed an experimental study of an MAC system in direct substitution of R134a by R1234yf, 

focusing on heat exchangers and pressure drop in these components and found higher values of pressure drop in the 

system with R1234yf. 
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Figure 4. Pressure drop in condenser (a) and evaporator (b) for refrigerants R134a and R1234yf at different evaporator 

air inlet temperature and compressor speed.  

 

The pressure drop in the suction line between the evaporator outlet and the compressor inlet, shown in Fig. 5, is 

higher for R1234yf for all compressor speed range and evaporator air inlet temperature. Spatz and Minor (2008) 

recommend and improvement increasing the suction pipe diameter in the suction line of MCA with R1234yf. In this 

way, it is possible to reduce this pressure drop and thus optimize the superheat at the compressor inlet.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Pressure drop in the suction line for refrigerants R134a and R1234yf at different evaporator air inlet 

temperature and compressor speed.   

 

3.2. Effect of air inlet temperature at evaporator and condenser for R1234yf system 

 

In Figure 6a are presented the evaporator capacity, QE, the compressor input power, WC, and the COP as function 

of the evaporator inlet air temperatures. As the air temperature rises, the temperature difference between the air and the 

refrigerant increases, increasing the capacity of the evaporator. Consequently, there is also an increase in compressor 

power. The COP also increases, but less significantly. Similarly, it can be observed that the increasing air temperature 

induce an increase of both the discharge and suction pressures, as shown in Figure 6b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. a) Effect of evaporator inlet air temperatures on compressor power, evaporator capacity and COP, and b) in 

suction and discharge pressures for condenser air inlet temperature at 38ºC. 
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In Fig. 7 one can observe the variation of different parameters. The increase of the mass flow rate, 
rm , with 

the air temperature in the evaporator, due to the higher vaporization rate, also the increase of refrigerant temperature, 

Te,i, at the evaporator inlet, and the outlet pressure (Fig. 7a). This causes an increase in the specific volume at the 

compressor inlet, increasing its capacity. The increase in evaporator capacity is much more sensitive to increasing the 

mass flow rate than the enthalpy change between inlet and outlet (Fig. 7b). Regardless of this, the increase in 

temperature (Tc,i) and pressure in the discharge of the compressor  is very small. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Effect of evaporator inlet air temperatures a) on refrigerant mass flow rate, refrigerant temperature at the 

evaporator inlet and the suction pressure b) on condenser inlet temperature, evaporator outlet temperature and capacity 

of evaporator and condenser. 

 

The increase air temperature at the condenser inlet is responsible for increases in the compressor power and a 

decrease in evaporator capacity, as shown in Fig. 8a. As a result, the COP of the system decreases. In Fig. 8b it is 

possible to observe the increase in the discharge pressure with the condenser air inlet temperature and the increasing 

pressure ratio. The suction pressure also increases, but significantly less than the discharge pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. a) Effect of condenser inlet air temperatures on compressor power, evaporator capacity and COP and b) in 

suction and discharge pressures for evaporator air inlet temperature at 28ºC. 

 

Figure 9 shows the effect of evaporator and condenser air inlet temperatures, Tai_Evap and Tai_Cond, respectively, on 

subcooling and superheating. As the average saturation temperature in the evaporator increases, the degree of 

superheating decreases slightly with increasing inlet air temperature and as the capacity of the condenser increases, the 

subcooling tends to increase. In relation to the increase of the condenser air inlet temperature, the capacity of thermal 

exchange in the condenser decreases slightly and therefore the subcooling. In the evaporator the saturation pressure 

increases, decreasing the capacity of the evaporator, and affecting the superheating. 
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Figure 9. Effect of inlet air temperatures of condenser and evaporator on subcooling and superheating temperatures. 

 

 

4.  CONCLUSIONS 

 

In this experimental work on a test rig using an automotive AC operating with R1234yf and thermostatic expansion 

valve were analyzed the influence of evaporator and condenser air inlet temperatures in the behavior of different system 

performance parameters. For a fixed refrigerant charge and speed compressor, the temperature of the air at the 

evaporator inlet and condenser influence the system performance. 
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