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BBSE3004 Air Conditioning and Refrigeration 

 
Experiment 2: Energy Performance of Air-Conditioning System 

 
Objectives 
 
This laboratory exercise is designed to allow students to learn the fundamentals of vapor compression 
refrigeration cycle in an air-conditioning system. The students will apply the First Law of thermodynamics to 
analyze the performance of the air-conditioning system tested. The coefficient of performance (COP) of the test 
system will be determined based on (1) the refrigeration cycle and (2) measured cooling effect and electrical 
power input. 
 
Introduction 
 
An ideal single-stage vapor compression refrigeration cycle used to produce cooling is illustrated in the p-h 
diagram shown in Figure 1. The major equipment components and corresponding thermodynamic processes are: 
 

Compressor: 1-2 isentropic compression 
Condenser: 2-3 constant-pressure condensation 
Expansion valve: 3-4 constant-enthalpy expansion 
Evaporator: 4-1 constant-pressure evaporation 

   
Figure 1. Ideal single-stage vapor compression refrigeration cycle (Ref. ASHRAE 2001) 

 
Air cooling can be achieved by use of a chilled water circuit as a medium to transfer the heat from air to the 
refrigerant. The schematic is shown in Figure 2. 
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Figure 2. Simple air-conditioning system with chilled water circuit 
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Theory 
 
Coefficient of performance (COP) is commonly used to represent the energy performance of a refrigeration 
cycle. COP is a ratio of cooling effect to compressor work, 
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where 4Q1 = cooling effect (kW) 

 1W2 = compressor work (kW) 
 hi = enthalpy of refrigerant at particular temperature and pressure in state i (kJ/kg) 

 = mass flow rate of refrigerant (kg/s) 
.

m
 
 
Alternatively, if the states of refrigerant, i.e. temperature and pressure, are not available, COP can be estimated 
by the ratio of the cooling effect on the air side to the electrical power input for the compressor, 
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where = volumetric flow rate of air (m
.

V 3/s) 
ρ = density of air (kg/m3) 

 Cp = specific heat of air (kJ/kgּoC) 
 Ti = temperature of air entering AHU (oC) 
 To = temperature of air exiting AHU (oC) 
 VL = 3-phase line voltage (V) 
 I = load current (A) 

PF = power factor 
 
 
Equipment and Instruments 
 

Environmental chamber • 
• 
• 
• 
• 
• 

Chiller plant (34 kW cooling capacity, refrigerant R407C) 
Air-handling unit (AHU) 
Anemometer 
Air temperature & humidity sensor 
Power analyzer 

 
Test Procedures 
 
1. Start chiller plant and air-handling unit until the environmental chamber reach a steady state at 12oC. 
2. Record the following measurements at 2-minute intervals for 20 minutes: 

• Pressure of the condensing refrigerant (Pc) 
• Pressure of the evaporating refrigerant (Pe) 
• Temperature of air entering the AHU (Ti) 
• Temperature of air exiting the AHU (To) 
• Speed of airflow through AHU (V) 
• 3-phase electrical current of the compressor (IR, IY, IB) 
• 3-phase electrical voltage of the compressor (VR, VY, VB) 
• Power factor (PF) 

3. Stop chiller plant and AHU. 
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Data Analysis 
 
1. Show the refrigeration cycle in the pressure-enthaply diagram of R407C (Appendix A), assuming that it is 

an ideal cycle at the measured condensing pressure and evaporating pressure. 
2. Calculate COP based on the refrigeration cycle. 
3. Calculate COP based on measured cooling effect and electrical power input. 

 
Results & Discussions 
 
1. Report the measurements and calculated results. 
2. Discuss any discrepancy found in comparison between the two COP's obtained. 
 
Laboratory Report 
 
Each student should prepare their own report based on the data and information obtained during the experiment. 
While the results from the observations and measurements can be shared among the members in the same 
student group, each student shall generate information to show his/her own understanding and ideas. Students 
making direct copy of the information in other’s report (plagiarism), if found, will be disqualified. 
 
The laboratory report shall be submitted to the lecturer within FOUR weeks after completion of the experiment. 
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Appendix A. Pressure-enthalpy diagram of R407C 
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Appendix B. Thermophysical properties of R407C 
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