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ABSTRACT: Increasing the coefficient of performance of vapour compression system (air conditioner, refrigerator, and 

ice plant) is a challenging problem especially in area with very hot weather conditions and with limited energy resources. 

Application of evaporative cooled air condenser is suggested by the researcher’s in such hot weather. Evaporative cooled 

Condenser is proposed in this paper as an efficient way to solve the problem.  An evaporative cooler was built and 

coupled with refrigeration cycle.  Their effects are measured on the cycle performance under various ambient air 

temperatures up to 49 0C. Evaporative cooled air condenser has significant effect on the performance improvement of the 

cycle and the rate of improvement is increased as ambient air temperature increases. It is also found that by using 

evaporative cooled air condenser in hot weather conditions, the power consumption can be reduced. More improvements 

can be expected if a more efficient evaporative cooler is used.  

 

Keywords:-  Vapour compression system, COP, Evaporative cooling system. 

 

1. INTRODUCTION 
 

Decreasing energy consumption by renewable energy is an important task for decreasing global warming. Trials to 

decrease the energy consumption of these units will decrease the dependence on fossil fuel. The energy consumption of 

these units depends on the COP, which is improved by decreasing the condensing temperature. The COP of the 

refrigerating systems with air-cooled condenser drops down in hot and dry region when the ambient air temperature 

increases especially in hot regions in summer. The condensers of residential refrigerators and air conditioners are mainly 

air-cooled. In this article, ice plant test rig which is coupled with evaporative cooling, vapour compression refrigeration 

system uses the wetted media pad, split air conditioner is coupled with the evaporator cooler for improving the 

performance of the system in hot & dry weather is proposed and compared experimentally new design with high 

commercialization potential for incorporating of evaporative cooling in the condenser. And also Reduction of energy 

consumption is a major concern in the vapor compression refrigeration cycle especially in the area with very hot weather 

conditions. The experimental investigations revealed that the performance characteristics of vapour compression 

refrigeration system are significantly enhanced. Maximum C.O.P. is obtained in the hot and dry climate condition than the 

normal system.  

 

2. LITERATURE REVIEW 
 

Evaporator cooling system is used to improve the performance of system and also decreases the power 

consumption.Natural resources are exhausting day by day therefore it is important to reduce the power consumption. To 

reduce the poer either we can reduced the output or input or make the system improve the COP. To increases the COP 

and decreases power consumption researchers have done some mdification  which is expressed below. 
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Amrut Kumar Dhamneya, S.P.S Rajput, Alok Singh (2017), “In this research article to presents investigation the 

failure analysis of chiller due to compressor work at high pressure. The nano-refrigerant does not cool at a desired level in 

the air-cooled condenser due to hot and dry climatic condition and the system was faulty (shut-down).Therefore, the ice 

plant test rig combined with the evaporative cooling system”. [1] M.M. Nasr, M. Salah Hasan (2009), “In this article an 

experimental and theoretical investigation was performed to evaluate the application of evaporative condenser in 

residential refrigerator. The condenser design is a modification for the simple air-cooled condenser of residential 

refrigerator. It doesn’t need any design modifications. It is a copper serpentine laid longitudinally on a basin having a 

shallow layer of water. A thin sheet of cloth was immersed in the water and wrapped over each tube of the serpentine. 

These components were inserted inside a rectangular duct. The sheets suck the water, by capillary suction, from the basin 

and wet the tubes. Air is forced through the duct. The condenser rejects heat to the air by evaporation of some water from 

cloth sheets surrounding the tubes, and the air is cooled evaporative by the basin water and the vertical strips of cloth”. [2] 

D.Y. Goswami, G.D. Mathur, S.M. Kulkarni (1993), “This paper presents the results of performance improvement of a 

residential air conditioner retrofitted with a media pad evaporative cooler. Evaporative cooling primarily deals with 

commercial and industrial applications where the system capacities are very large. However, the same principle can be 

applied to the residential air conditioners also”. [4] S.S. Hu, B.J. Huang (2005), “Residential split-type air conditioner 

utilizing the cross-flow cooling tower whose filling material is cellulose pads. The heat and mass transfer characteristics of 

the cellulose pads is first studied experimentally. The results are used in the design of a cooling tower for a prototype of air 

conditioner. The prototype was then constructed and tested for verification”. [5] Ebrahim Hajidavalloo (2007), “In this 

work an experimental investigation was performed to evaluate the application of media pad evaporative cooling system in 

a 1.5 ton window-air-conditioning system in very hot weather condition”. [6] E. Hajidavalloo (2010), “In this work, 

experimental investigation was used to evaluate the effect of using an evaporative cooled air condenser on the 

performance of an air-cooled split-air- conditioner under variable ambient air conditions in order to show how much COP 

and power consumption could be improved by changing the system”.[3]  

 

3. EXPERIMENTAL SET UP 
 

3.1 Ice Plant Test Rig 

The experimental test setup of ice plant test rig has consisted of major four components, i.e. compressor, condenser, 

expansion valve and evaporative cooling coil. This experimental setup has been breakdown after 0.6g/L the concentration 

of nano particle (TiO2). This experimental test setup combined with the direct evaporative cooling system. The main 

component of the direct evaporative cooling system is Fan, Water Circulating Pump, Water Spray Nozzle and Water Tank. 

The figure 3.1.1 and figure 3.1.2 is represented a photograph of the experimental test setup; it is shown with and without 

evaporative cooling. The first loop defined as the direct evaporative cooling system, and it composes of the fan and Khus 

cooling pad at which the outdoor air to be cooled as shown in figure 3.1.3. The second loop is the Ice-Plant-Test-Rig, 

which is based on the vapour compression refrigeration system. This test setup is used for producing the cooling effect 

(generation of ice). 
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Figure 3.1.1 Ice Plant Test Rig 

Component Specification 

Compressor Hermetically Sealed 0.5 TR, 

Reciprocating 

Condenser Air-cooled Condenser 

Capacity 90 Liter 

Evaporator Shell and Tube Type 

Expansion Device Capillary Tube 

Refrigerant R-134a 

Energy Meter 3200 (constant) 

Suction Pressure 

Gauge 

150psi 

Discharge Pressure 

gauge 

300psi 

Temperature Sensors Pt- 100 resistance type 

thermocouples 

Lubricant ZEROL 300 TD (250 ml) 

Nano particles TiO2 

Khus cooling pads 0.3 x 0.3 m 

Mass flow rate of 

water pump 

0.5 kg/s 
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Figure 3.1.1 Ice Plant Test With Evaporative Cooling System

 

 
Figure 1.1.3. Schematic Diagram 

1. Compressor, 2.Condenser, 3.Expansion Valve, 4. Evaporative Cooling Coil, (Cold Storage Tank), 5.Water Circulating 

Pump, 6 Water Spray Nozzle, 7.Fan, 8. Water Tank, O. Outdoor Air, e. Evaporative Cooled Air 

 

3.2 Spilt Air Conditioning 

 

An existing split-air-conditioner (1.5 ton) made by Mitsubishi Electric was used in the experiments. Consistent with the 

shape of the condenser, a frame was built and filled by cellulous media pad (corrugated packing) with 5 cm thickness and 

installed in front of the air condenser as shown in Fig. 3.2.1. A water circulation system including a small pump (15 W), a 

tank, and connecting pipes were assembled on the system to inject water on the top of the media pad. Water circulation 

rate was constant for all tests. Hot ambient air passes over the evaporative media pad and gets cool and then passes over 

the condenser and finally exits from back side of the condenser. Fig. 3.2.2 shows the locations of temperature and pressure 

measurement in the refrigerator. Before temperature measurement, the surface of the tube was polished for removing any 

dust or rust and then the thermocouple probe was laid down on the surface. In order to reduce the thermal contact 

resistance between thermocouple probe and tube surface, thermal grease was used in the point of contact. Insulating tape 

was wrapped around the probe to make good contact and also prevent any convection effect of ambient air on the 

temperature readings. It was required to measure water consumption rate due to evaporation in order to compensate the 

water.  
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The water consumption rate was measured by using water level variation in the tank during the test period. Having the 

water level variation and the area of the water tank, the volume of water consumption could be calculated. Water 

circulation rate was about 217 L/h and water consumption rate vary from 7.0 to 8.2 L/h depending on the weather 

conditions. 

 

3.3 Residential Refrigeration 

 The layout of the tested refrigeration cycle is shown in Fig. 3.3.1 The main components are hermetically sealed 

compressor 250W, the proposed evaporative condenser, capillary tube expansion valve, and U-shape aluminum plate 

evaporator immersed in water inside insulated tank. The evaporator load is controlled by flowing Water through the tank. 

The details of the condenser are shown in Fig. 3.3.2 The condenser is a copper serpentine laid longitudinally on a basin 

with a shallow layer of water. A thin sheet of cloth was immersed in the water from one side and wrapped over each tube 

of serpentine from the other side. These components were inserted inside a rectangular duct. The cloth sheets suck the 

water from the basin and wet the tubes. A centrifugal blower was used to deliver air through the condenser duct. A 

divergent duct and guide vanes were installed between the blower and the condenser test section to ensure uniform flow 

distribution. 

 

 
Figure 3.2.1 Schematic View Of Retrofitted Condenser 
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Figure 3.2.2 Locations Of Temperature And Pressure Measurement 

 

 
Figure 3.3.1 Layout Of Experimental Apparatus
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4. RESULT AND DISCUSSION 
 

4.1 The Ice Plant - In ice plant test rig the performance of the ice plant rig is compared with and without nano refrigerator 

using evaporative cooling. Nano refrigerant is the mixture of titanium oxide (TiO2) the nano particles of different 

concentration (g/l) with R-134 as base refrigerant. The system runs with and without nano refrigerant. The performance 

system with and without nano refrigerant was examined by keeping the pressure equivalent on suction and discharge side. 

Experiment different was conducted in two different conditions. In first state defective ice plant without nano refrigerant 

was use with the air cooled condenser in the second state faulty ice plant test rig were use with evaporative cooling. But 

after cleaning the nano refrigerant from the ice plant rig the system does not work properly. The systems works at high 

pressure and refrigerating effect is not produced. Therefore ice plant test rig is combined with the evaporative cooling 

system for the heat rejection offered in the condenser. Fig4.1.1 Heat rejection is improved in condenser after applying 

evaporative cooling.  

 
Figure 4.1.1 Variation Of COP With Respect To The Time For Different System Condition 

Part (2) Air conditioning is generally used in small size residential air conditioners like window or split type, for heat 

rejection process. the air temperature in summer is moderate and not too high (about 40 degC). But when the air 

temperature increase and approach (50 degC) or   higher, as it happens in many Middle East countries, the performance of 

the air condenser drops down and the air conditioner works improperly since the temperature and the pressure of the 

condenser increase and the compressor is forced to work under the greater pressure ratio, which results in more power 

consumption. In order to prevent this problem the hot air is required to be cool down before passing over the condenser. 

Experimentally performance in the first stage, conventional air conditioner was used in the experiment without using 

media pad and the data were recorded after steady state condition was established. Then, the air conditioner was turned off 

and the condenser of air conditioner was retrofitted by evaporative cooling and the second stage of the experiment was 

performed. And the cop of the retrofitted air conditioner was more compared with the conventional air conditioner 

system shows in fig4.2.1 
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Table 4.2.1 Comparison Of Conventional Air Conditioner And  Air Conditioner With The Evaporative Cooling 

 

Parameter  Unit  Conventional  Evaporative  

Ambient dry 

bulb temperature  

deg  46.  46  

Ambient wet  

bulb temperature  

deg  25.5  25.5  

Compressor exit 

temperature  

deg  105.0  89  

Condenser exit 

temperature  

deg  56 46  

Capillary tube 

exit temperature  

deg  15  12  

Evaporator exit 

temperature  

deg  19.8  21  

Condenser air 

exit temperature  

deg  59  45  

Evaporator inlet 

air temperature  

deg  27  27  

Evaporator exit 

air temperature  

deg  18  17  

Electric current  A  12.5  10.5  

Water 

evaporation rate  

l/h  - 7.5  

Water circulation 

rate  

l/h  - 217  

 

 

 
Figure 4.2.1 The Comparison Between The Conventional Cycle And Evaporative Cooling Cycle. 
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Part (2) Increasing the coefficient of performance of air conditioner with air-cooled condenser is in hot and dry 

atmosphere evaporative cooled air condenser instead of air-cooled condenser is shown in fig4.2.1. and fig4.2.2.  An 

evaporative cooler was built and coupled to the existing air-cooled condenser of a split-air-conditioner in order to measure 

its effect on the cycle performance under various ambient air temperatures results show that application of evaporative 

cooled air condenser has significant effect on the performance improvement of the cycle and the rate of improvement is 

increased as ambient air temperature increases. It is also found that by using evaporative cooled air condenser in hot 

weather conditions, the power consumption can be reduced. 

 
Figure 4.2.1 COP Variation Different Ambient Air Temperature. 

 

 
Figure4.2.2 Cooling Effect Of Different Ambient Air. 
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5. COMPARISON

Sr. 

no 

Initial Final Set up Parameter Varied Effects of Variation 

1 Nano particles Evaporative cooled 

condenser (cooling 

pad-Khus) 

Ice plant Tio2(g/l) 0.2-0.6 

Time 

More refrigerating 

effect. COP increases in 

hot and dry climate 

 

2 Conventional window 

air conditioner 

Evaporative cooling is 

added to conventional 

window air 

conditioner 

Window air 

conditioner 

Application of 

evaporator 

condenser reduces 

condenser   

Cooing capacity 

increases. Power 

consumption is 

reduced. 

3 Air cooled refrigerator  Evaporative air cooled 

system 

Air conditioner Ambient temp 

increases but due to 

evaporative cooling 

it shows better result  

Cop increases. 

Power consumption is 

reduced. 

4 Residential air 

conditioner without 

evaporator   

Residential conditioner 

retrofitted with 

evaporative cooler 

(media pad) 

Residential air 

conditioner      

(2.5-ton) 

Air is cooled before 

going to condenser 

using Evaporative 

pads 

Increases cooling effect. 

COP also increases 

5 Residential refrigerator  

with simple air cooled 

system 

Refrigerator with 

evaporative cooled 

system 

Residential 

refrigerator  

Using of  

evaporative cooled 

condenser temp 

decreases as length 

of condenser 

increases 

COP increases. power 

consumption decreases  

6. Split residential water-

cooled air 

Conditioner 

Water-cooled air 

Conditioner that 

utilizes cellulose pad as 

the filling material of 

the cooling tower. 

Prototype Spilt 

air 

Conditioner 

Evaporative cooling 

pad decreases the 

temperature  

COP increases. (2.96 to 

3.45) Power 

consumption decreases 

 

6. CONCLUSION 
 

a) The performance of evaporator cooled condenser is claimed to be better as compared to nano refrigerant (TiO2) cooled 

at same inlet air condition. in hot and dry weather. Power consumption by evaporative cooling system is less as compared 

to experimental set up. 

b) The performance of air conditioner was experimentally investigated with and without media pad evaporative cooling on 

the condenser. The experimental result revealed that with evaporative cooling system the power consumption decreased 

and cooling capacity and coefficient of performance increased considerably. 

c) The results of performance improvement of a residential air conditioner retrofitted with a media pad evaporative cooler. 

The evaporative cooled condenser resulted in decreased in the power consumption. 

 

b) Power consumption and performance of evaporative cooled air condenser improved significantly compared to the air-

cooled condenser and the improvements are increased as ambient temperature increases. 
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