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ABSTRACT: This paper presents a small air-cooled chiller experimental set-up being used to investigate the 

energy performance and other characteristics of an air-cooled chiller system using various refrigerants. The 

expanded uncertainty of measure temperature devices with a level of confidence of 95% is 0.21 K. The expanded 

uncertainty of measure pressure devices with a level of confidence of 95% is 2.7 kPa. The uncertainty of the 

enthalpy from this study is 0.66 kJ/kg, about 0.24 %. If the chilled water temperature is 8C, the COP is 2.55. If 

the chilled water temperature is 12 C, the COP is 2.89, an increase of 13%. The COP increases about 13 % whilst 

the chilled water temperature increase only 4 K. 

 

KEYWORDS: Experimental set-up; Uncertainty of measured and calculated properties; Coefficient of 

performance (COP); effect of air velocity and water temperature. 

 

INTRODUCTION 

Hot – cold water dispensers, heat-pump, and air conditioners using conventional refrigerants R22, R410A, R32, R134a 

are very popular. The above refrigerants R22, R410A, R32, R134a have high global warming potential (GWP) so the 

study on the looking for the more environmentally friendly alternative refrigerants are of great interests [1 - 3]. Potential 

alternative refrigerants such as R1234yf, R1234ze(E), R1234ze(Z), R1243zf have recently been received lot of attention. 

Thermodynamic properties of these refrigerants have been determined [4 - 6].  Thermodynamic properties of the potential 

environmentally friendly alternative refrigerants have been used in the theoretical study of the refrigeration cycles using 

various potential alternative refrigerants [7]. The theoretical study can help to figure out the potential and suitable 

alternative refrigerants for certain applications [8 - 11].  

 

Using new materials to improve the durability of a refrigerating compressor is indispensable to meet the new requirements 

in refrigeration system design [12 - 15]. However, the theoretical study can’t account for many real effects such as pressure 

losses, compression efficiency so the experimental study is still in need. In order to carry out the experimental study, an 

experimental air-cooled water chiller integrated with reliable measuring devices and sensors has been constructed. The 

measuring instrument and sensors of the experimental set-up has been calibrated and evaluated in the laboratory 

environment then the experimental set-up was run and investigated.  

 

The available constructed experimental set-up can help to pave the way for investigate the energy exchange and the energy 

performance of the air-cooled water chiller using various refrigerants. Because we can’t manage to have the potential 

alternative refrigerants as R1234ze(E), R1234ze(Z), R1243zf so R134a was selected in this study for the evaluation of 

the experimental set-up as well as the investigation of the energy performance of the air-cooled chiller. The reasons for 

the selection of the refrigerant R134a are that it is the most popular refrigerants used in refrigeration systems and the 

supply is available, its accurate and reliable thermodynamic data are available. Detail experimental study and the facilities 

are presented in next sections. 

AIR-COOLED CHILLER EXPERIMENTAL SET-UP 

Figure 1 presents the schematic diagram of the experimental set-up. The experimental set-up includes main components 

as compressor, condenser, capillary, and evaporator. Technical specifications of the main components are given in Table 

1. The experimental set-up also has some auxiliary devices such as receiver, filter, drier, sight glass, Figure 1. 

 

Table 1. Typical specifications of main equipment of the experimental set-up 
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Equipment Specifications 

Compressor Closed piston compressor -1 phase 

Displacement: 8.37 cc/rev 

Speed: 2900 rpm 

Maximum compression ratio: 14.5 

Maximum temperature: 105 °C 

Power: 220V-1 phase - 50Hz 

Condenser Copper Steel Finned U Tube  

Air Cooled Heat Exchanger 

Dimension: 250*120*235mm 

Heat exchanger area: 3.4 m2 

Outside tube diameter: 9.52 mm 

Tube thickness: 0.31 mm 

Test pressure: 2.8 MPa 

Fan power: 40W 

Air flow rate: 500 m3/h 

Capillary Copper pipe 

Inner diameter: 0.5 - 1.0 mm 

Evaporator 1. Shell: 304 stainless steel, height of 335 mm, inner diameter of 147 mm. 

2. Spiral tube inside: diameter of 9.52 mm, length of 4.5 m. 

3. Superlon insulation with thickness of 17 mm: 2 layers. 

4. Stirrer: 15 W 

The experimental set-up integrates temperature sensors and pressure sensors at all typical locations for determining 

thermodynamic properties at the typical points that can help to determine the energy performance of the systems [16]. 

Properties of refrigerant entering the compressor are determined from the measured temperature T1 and measured 

pressure P1. The measured temperature T2 and measured pressure P2 are used to determined thermodynamic properties 

of refrigerant leaving the compressor. Properties of the condensed refrigerant leaving condenser can be determined from 

the measured temperature T3 and measured pressure P2. The refrigerant leaving the capillary and entering the condenser 

is in the saturation state so either measured temperature or measure pressure can be used to determine thermodynamic 

properties of refrigerant entering the evaporator. In this study, the measured temperature T5 is used together with the 

entropy determined by the measured temperature T4 and pressure P2 to determine the thermodynamic properties of 

refrigerant entering the evaporator [17].  

 

 

 

 

Figure 1. Schematic diagram of the experimental air-cooled water chiller 
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In order to obtain reliable experimental results with the above experimental set-up, all measuring instrument and sensors 

need to be calibrated. The calibration for the measuring instrument and sensors has been done by the national certified 

organization. The worst uncertainty of the temperature and pressure after the calibration by the national calibrated 

laboratory was reported to be ±0.12 K and ±1.4 kPa, respectively. The expanded uncertainty U95 of the temperature 

measured with different sensors and measuring instrument is given in table 2. After the calibration in the national 

laboratory, the measuring instrument and the sensors were investigated again in our laboratory for the uncertainty. The 

actual worst uncertainty in our laboratory for the temperature and pressure was ±0.21 K and ±2.7 kPa, respectively, 

Figures 2 and 3.  

 

Figure 2. Temperature variation over time  

Table 2. The expanded uncertainty U95 of temperature measured with different sensors and measuring instrument 

Temperature 

sensor 

The expanded 

uncertainty U95, K 

T1 0.104 

T2 0.120 

T3 0.105 

T4 0.083 

T5 0.,045 

 

 

Figure 3. Pressure variation over time  
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As soon as the measuring instrument and sensors are calibrated the experimental set-up can be used for the study and 

investigate energy exchange of each component and the energy performance of the refrigeration cycle using the studied 

refrigerant. In order to determine thermodynamic properties of refrigerant such as enthalpy and entropy at different 

measured temperature and pressure, thermodynamic database Theproper was used [18]. Detail calculation, results and 

discussion of the study on the energy performance of refrigeration system using R134a as the working fluid are presented 

in next section. 

TYPICAL CALCULATION EQUATIONS 

The state of the refrigerant R134a as well as other caloric properties, e.g. enthalpy, can be determined from the measured 

temperature and measured pressure. The pressure losses and the heat losses on piping and auxiliary equipment are 

assumed to be neglectable, the energy exchange and performance of the main equipment and the whole system can be 

calculated from equations 1 to 6 as follow [19][20]: 

Reversible adiabatic work of the compression process li: 

li = h1 – h2s, kJ/kg                                                                 (1) 

Where h2s is the enthalpy of the fluid after the compressor during adiabatic compression. h2s is determined from the 

pressure p2 of the fluid leaving the compressor and the entropy s1 of the fluid entering the compressor. The value of 

enthalpy and entropy of all experimental points were determined by the Theproper software [18] through measured 

temperature and pressure. 

The work of the compression process, the work of cycle, lo: 

lo = h1 – h2, kJ/kg                                                                 (2) 

The heat rejected by condenser qk:  

qk = h3 – h2, kJ/kg                                                   (3) 

The heat absorbed by evaporator q0:  

q0 = h1 – h3, kJ/kg                                                                 (4) 

The coefficient of performance of the chiller: 

COP = qo/|lo|= (h1 – h3)/( h2 – h1)                                                               (5) 

RESULT AND DISCUSSIONS 

After the calibration, the experimental set-up was evaluated with refrigerant R134a. Example experimental temperature 

and pressure at typical points are given in table 3. The Theproper software [18]was used to calculate enthalpy of refrigerant 

R134a at the typical points, table 3.  

Table 3. Thermodynamic properties at typical points of the air-cooled water chiller 

Location of measured 

properties 

Measured 

temperature, °C 

Measured 

pressure, kPa 

Calculated 

Enthalpy, kJ/kg 

Point 1 8.17 305 405.58 

Point 2 83.01 1434 459.30 

Point 3 50.80   

Point 4 50.29 1377 272.05 

Point 5 4.28   

Heat exchanger shell 8.61   
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Since the calculated enthalpy depends on the measured pressure and measured temperature, h = h(t, p). The measured 

pressure and temperature have their own uncertainties. Thus, the calculated enthalpy also has uncertainty. The uncertainty 

of the calculated enthalpy can be calculated from the temperature uncertainty u(t) and the pressure uncertainty u(p). In 

details, the enthalpy uncertainty can be calculated by u(h) = hmax - hmin. Where hmax = h(tmax, pmin), hmin = h(tmin, pmax), tmax 

= t + u(t), tmin = t - u(t), pmax = p + u(p) and pmin = p – u(p). The temperature uncertainty is taken as the maximum uncertainty 

of the temperature probe, u(t) = 0.21 K. The pressure uncertainty equal to the maximum uncertainty of the pressure probe, 

u(p) = 2.7 kPa. The uncertainty of the calculated enthanpy at typical measured point are presented in Table 4. The results 

obtained from Table 4 show that the maximum enthalpy uncertainty is 0.66 kJ/kg, almost all within 0.24%. The results 

show that enthalpy obtained from this study is accurate and reliable. Thus, the calculated energy exchange and energy 

performance of the air-cooled water chiller are reliable. 

Table 4. Uncertainty of calculated enthalpy at typical points of the refrigeration system. 

Quantity Entering compressor Leaving compressor Entering capillary 

T, °C 8.17 83.01 50.29 

p, kPa 305 1434 1377 

u(t) 0.21 0.21 0.21 

u(p) 2.7 2.7 2.7 

tmax 8.38 81.25 47.82 

tmin 7.96 80.83 47.4 

pmax 307.7 1364.7 1285.7 

pmin 302.3 1359.3 1280.3 

h(t,p), kJ/kg 405.58 459.3 272.05 

hmin =h(tmin, pmax) 405.32 459.03 271.72 

hmax= h(tmax, pmin) 405.83 459.58 272.38 

u(h) 0.51 0.55 0.66 

%h 0.13% 0.12% 0.24% 

The calculated enthalpy was used to calculate the energy exchange and the energy performance of the experimental set-

up. For the example data in table 3, the COP of the chiller is 2.49. Various experimental cases at different chilled water 

temperature have been done and COP for each case have been determined by using equation 5. Figure 4 shows the relation 

between COP and the chilled water temperature. If the chilled water temperature is 8C, the COP is 2.55. If the chilled 

water temperature is 12 C, the COP is 2.89, the increase of 13%. The increase of the COP can be explained by the 

increase of the evaporation pressure and evaporation temperature that increases the heat absorbed by evaporator q0 and 

decreases the work of the compression process. Consequently, the COP increases 13 % whilst the chilled water 

temperature increases only 4 K. This is a good suggestion which can help to optimize the system during the design process 

or to optimize the operating conditions of the water chiller.  

 

Figure 4. Relationship between COP and chilled water temperature of the water chiller. 
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CONCLUSIONS 

An experimental air-cooled water chiller was constructed to investigate the energy exchange and energy performance of 

refrigeration system using various potential alternative refrigerants. The measuring instruments and sensors were 

calibrated at national certified calibration center to ensure the reliable measured properties. The measuring instruments 

and sensors were also investigated at the experimental laboratory. The maximum uncertainty of measured temperature is 

0.21 K. The maximum uncertainty of measured pressure is 2.7 kPa. The uncertainty of calculated enthalpy was also 

investigated and reported with the maximum uncertainty of 0.66 kJ/kg, about 0.24%. These low uncertainties can guaranty 

the reliable of the experimental set-up. Thus, the experimental set-up can be used to investigate the energy exchange and 

energy performance of the air-cooled water chiller using different alternative refrigerants. 

Primarily experimental study on the air-cooled water chiller using R134a as refrigerant shows that the chilled water 

temperature has significant relation with the COP of the system. If the chilled water temperature is 8C, the COP is 2.55. 

If the chilled water temperature is 12 C, the COP is 2.89, an increase of 13%. The COP increases about 13 % whilst the 

chilled water temperature increases only 4 K. This is a good hint which can help to optimize the system during the design 

process or to optimize the operating conditions of the air-cooled water chiller. 
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