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Abstract— Global warming is the major issue which derives 

rampant use of resources which directly affect human 

comfort. The international community emphasize on the 

sustainable development. Cooling system is important factor 

in general life, to rid out of the adverse weather the ac 

consumption is keep increasing in faster mode. The recent 

study found that the energy consumption in India is going to 

be triple by 2040 due rampant use of AC. This study attracts 

the researchers to focus their research over alternative method 

like evaporative cooling system to enhance their effectiveness 

and cooling efficiency. To control the relative humidity in 

comfort zone, only frontal contact surface area of cooling pad 

will be accomplished with water circulation later pad will be 

kept dry which only balance the performance of cooler and 

comfort condition. Human comfort associated with many 

factors like Temperature, Relative Humidity, air velocity etc. 
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I. INTRODUCTION 

Evaporative cooling is an energy efficient and environmental 

friendly air conditioning technology. Evaporative cooling has 

a many advantages over other cooling processes. Due to the 

non-pollution creating environment, it is considered as one of 

the suitable ways to cool ones workplace or living place, 

because of the fact that it uses fresh air and replaces the air 

time to time to maintain room temperature. Due to 

recirculation of air, smells and allergens are expelled out. It 

is based on a natural process of air cooling by water; it won’t 

dry out the air, or irritate human skin, eyes, or other external 

parts of the human body. Moreover, evaporative cooling is an 

inexpensive cooling option which enhances the lifestyle of 

people. However, evaporative cooling requires abundant 

water and is efficient when the relative humidity is low. 

Summer air conditioning systems capable of maintaining 

exactly the required conditions in the conditioned space are 

expensive to own and operate. Sometimes, partially effective 

systems may yield the best results in terms of comfort and 

cost. Evaporative air conditioning systems are inexpensive 

and offer an attractive alternative to the conventional summer 

air conditioning systems in places, which are hot and dry. 

Evaporative air conditioning systems also find applications in 

hot industrial environments where the use of conventional air 

conditioning systems becomes prohibitively expensive.  

Evaporative cooling has been in use for many 

centuries in countries such as India for cooling water and for 

providing thermal comfort in hot and dry regions. This 

system is based on the principle that when moist but 

unsaturated air comes in contact with a wetted surface whose 

temperature is higher than the dew point temperature of air, 

some water from the wetted surface evaporates into air. The 

latent heat of evaporation is taken from water, air or both of 

them. In this process, the air loses sensible heat but gains 

latent heat due to transfer of water vapour. Thus the air gets 

cooled and humidified. The cooled and humidified air can be 

used for providing thermal comfort. 

II. PRINCIPLE OF EVAPORATIVE COOLER 

Evaporative coolers lower the temperature of air using the 

principle of evaporative cooling, unlike typical air 

conditioning systems which use vapour compression 

refrigeration or absorption refrigeration system. Evaporative 

cooling is the conversion of liquid water into vapour using the 

thermal energy in the air, resulting in a lower air temperature. 

The energy needed to evaporate the water is taken from the 

air in the form of sensible heat, which affects the temperature 

of the air, and converted into latent heat, the energy present 

in the water vapour component of the air, whilst the air 

remains at a constant enthalpy value. This conversion of 

sensible heat to latent heat is known as an isenthalpic 

process because it occurs at a constant enthalpy value. 

Evaporative cooling therefore causes a drop in the 

temperature of air proportional to the sensible heat drop and 

an increase in humidity proportional to the latent heat gain. 

Evaporative cooling can be visualized using a psychometric 

chart by finding the initial air condition and moving along a 

line of constant enthalpy toward a state of higher humidity. 

A simple example of natural evaporative cooling 

is perspiration, or sweat, secreted by the body, evaporation of 

which cools the body. The amount of heat transfer depends 

on the evaporation rate, however for each kilogram of water 

vaporized 2,257 kJ of energy are transferred. The evaporation 

rate depends on the temperature and humidity of the air, 

which is why sweat accumulates more on humid days, as it 

does not evaporate fast enough. 

Vapour compression refrigeration uses evaporative 

cooling, but the evaporated vapour is within a sealed system, 

and is then compressed ready to evaporate again, using 

energy to do so. A simple evaporative cooler's water is 

evaporated into the environment, and not recovered. In an 

interior space cooling unit, the evaporated water is introduced 

into the space along with the now-cooled air; in an 

evaporative tower the evaporated water is carried off in the 

airflow exhaust. 

III. LITERATURE REVIEW 

Many researchers examined the performance of evaporative 

cooler by using cooling pads in respect of mass flow rate, air 

velocity, thickness of pad, types of pad material and 

configuration of cooling pads etc. 

Following are some researchers which perform research on 

evaporative cooling process. 

Faleh Al-Sulaiman,2002[1] experimentally 

investigated  a special test setup is designed to evaluate the 

performance of three natural fibres to be used as wetted pads 

in evaporative cooling. The chosen fibres are date palm fibres 

https://en.wikipedia.org/wiki/Sensible_heat
https://en.wikipedia.org/wiki/Latent_heat
https://en.wikipedia.org/wiki/Enthalpy
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Psychrometric_chart
https://en.wikipedia.org/wiki/Psychrometric_chart
https://en.wikipedia.org/wiki/Perspiration
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(stem), jute and luffa. As a reference, a widely used 

commercial wetted pad is chosen. The performance criteria 

include cooling efficiency, material performance and cooling 

efficiency degradation. The results show that the average 

cooling efficiency is highest for jute at 62.1%, compared to 

55.1% for luffa fibres, 49.9% for the reference commercial 

pad and 38.9% for date palm fiber. Material performance tests 

comprise salt deposition and bio-degradation (mold forming). 

Jute has the least salt deposition followed by palm and luffa 

fibres. The commercial type has the highest salt deposits. The 

highest resistance to mold forming is offered by luffa 

followed by palm fibres. The commercial type and jute have 

very poor performance. The results of the cooling efficiency 

degradation indicate that luffa has an overall advantage over 

the other fibers. Palm fibers and the commercial type have a 

significant reduction in the cooling efficiency, while jute has 

the highest deterioration. The total results indicate that luffa 

has an overall advantage over the other fibers. However, if 

the jute surface can be treated to offer higher mold resistance 

characteristics, it would provide the best alternative. 

Abdollah Malli a, Hamid Reza Seyf b, Mohammad 

Layeghi c, Seyedmehdi Sharifian d, Hamid Behravesh,2010 

[2] experimentally investigated thermal performance of two 

types of cellulosic pads (5090 and 7090) which were made 

from corrugated papers has been studied experimentally. 

Samples were tested in a sub sonic wind tunnel made from 

polyethylene. The pads areas are 0.5 _ 0.5 m2 with 75, 100 

and 150 mm thicknesses. Pressure drop, humidity variation, 

evaporated water and effectiveness have been investigated for 

several inlet air velocities. The results show that overall 

pressure drop and amount of evaporated water increase by 

increasing the inlet air velocity and thickness in both types of 

pads. On the other hand, effectiveness and humidity variation 

decrease by increasing inlet air velocity. 

J.K. Jain a, D.A. Hindoliyab,2011[3] experimentally 

investigated the performance analysis of two new evaporative 

cooling pad materials. Now-a-days evaporative cooling pads 

are commonly made from aspen and khus fibers. These two 

materials along with new materials namely coconut fibers and 

palash fibers have been tested in a laboratory using suitably 

fabricated test set up. Air flow rate was kept constant. 

Evaporative cooling effectiveness was obtained and 

compared with that of aspen and khus pads. The effectiveness 

of pad with palash fibers was found to be 13.2% and 26.31% 

more than that of aspen and khus pads respectively. Whereas 

effectiveness of coconut fibers was found to be 8.15% more 

than that of khus and comparable with that of aspen pad. Khus 

pad offers lowest pressure drop whereas aspen pad (most 

commonly used) offers highest pressure drop among the four 

materials tested. The proposed new material (palash) offers 

pressure drop lower than that of the aspen pad. Because of 

better performance, lower costs and easy availability of 

coconut and palash fibers, their use as wetted media may 

enhance the scope of using these materials in domestic and 

commercial evaporative cooling systems for sustainable 

development. 

Mahsa Barzegar a, Mohammad Layeghi b, Ghanbar 

Ebrahimi b, Yahya Hamzeh b, Manoucheh 

Khorasani,2012[4] experimentally investigated to evaluate 

the performances of cellulosic pads made out of Kraft and 

NSSC corrugated papers in three flute sizes, experimentally. 

A number of experiments have been done in a wind tunnel in 

order to evaluate the cooling efficiency and water 

consumption as a function of air velocity. The tests were 

carried out at three levels of air velocity (1.8, 2.25, and 2.67 

ms_1) for three flute sizes of Kraft and NSSC corrugated 

papers (2.5, 3.5, and 4.5 mm). Analysis of the results 

indicated that cooling efficiency improves with decrease of 

air velocity and flute size of corrugated papers; however, 

water consumption increases with the increase of air velocity. 

The results were compared with each other and it was shown 

that the cellulosic pad made out of Kraft paper with 2.5 mm 

flute size has the highest performance (92%) at 1.8 ms_1 air 

velocity in comparison with the other cellulosic pads. 

Aftab Ahmad, et al.,2013[5] presented Performance 

evaluation of an indirect evaporative cooler under controlled 

environmental conditions. The study investigated the 

performance of a 5-ton capacity indirect evaporative cooler 

under controlled environmental conditions (43.9°C dry-bulb 

temperature and 19.9% relative humidity) but for different air 

flow rates (631 to 2388 m3/h). The experimental results 

showed that the intake air energy efficiency ratio of the cooler 

varied from 7.1 to 55.1 depending on test conditions and air 

flow rate. The power consumption of indirect evaporative 

cooler was found to vary from 68.3 to 746 watts. Water 

consumption was found to vary between 0.0160 and 0.0598 

m3/h. At full fan speed, an average of 58.7% of the total water 

consumed by indirect evaporative cooler was evaporated. The 

results indicated that intake air energy efficiency ratio was 

directly proportional to the wet-bulb depression. The study 

also showed that the indirect evaporative cooler is suitable for 

hot and dry climatic conditions. 

Min-Hwi Kim, Jae-Weon Jeong*,2013[6] studied to 

evaluate the energy performance of an indirect and direct 

evaporative cooler assisted 100% outdoor air system 

(IDECOAS), of which a pilot unit was installed in a campus 

building, during its actual operation in cooling and 

intermediate seasons. A conventional variable air volume 

(VAV) system was also installed for comparison with the 

proposed system. The IDECOAS operated in two operation 

modes (i.e., single-stage and two-stage operation) depending 

on the seasonal conditions (i.e., intermediate season and 

cooling season). In addition, the effectiveness of the indirect 

evaporative cooler (IEC) and the direct evaporative cooler 

(DEC) were monitored by measuring the variation of air 

temperature and relative humidity at each measurement 

location. The fan and cooling coil energy consumption were 

also measured by installing watt meters on each device. It was 

concluded that the IDECOAS operating in the two-stage 

mode in the intermediate season shows a 51% energy saving 

over the conventional VAV system. However, the proposed 

system may consume 36% more operating energy than the 

conventional VAV system during the cooling season. This 

may be caused by limited cooling performance of the IEC in 

hot and humid climate. 

Rajat Shekhar1 Dr. M K Chopra2 Dr. Rajesh 

Purohit3,2016[7] experimentally investigated new 

evaporative cooler is designed which is semi-circular in shape 

instead of rectangular shape (normally used now a days) and 

the comparison between rectangular shaped cooler and new 

designed semi-circular shaped cooler is made with Khus as a 

cooling pad material in terms of temperature drop, humidity 
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rise and cooling efficiency. By using Semi-circular shaped 

utilisation of water increases, more volume of air comes in 

contact due to stream line pattern, require less cooling pad 

material and become compact, thus required less space for 

installation The newly designed evaporative cooler is consists 

of two tanks which are perfectly insulated to reduce heat 

transfer from water and is also incorporated with flow control 

valve to reduce water consumption and effect of dust mites. 

The result obtained shows that temperature drop in semi-

circular shaped cooler is 5.80C as compared to 3.90C in 

rectangular shaped and also in rectangular shaped cooler 

humidity rise is more as compared to semi-circular shaped. 

The cooling efficiency is improved up to 20.43 % with new 

design. 

Tung-Fu Hou, Yu-Yuan Hsieh, Ting-Le Lin, Yi-

Hung Chuang, Bin-Juine Huang,2016[8] studied a cooling 

system using water as the working medium which is cooled 

at night by cellulose-pad cooling tower (CWCT) and stored 

for cooling application at daytime. That is, it utilizes the 

natural energy drawn from diurnal ambient air temperature 

difference. A cooling system was built and tested. It is found 

that the coefficient of performance of CWCT for heat 

dissipation of water at night, COPnt, is between 3.8 and 11 

and varies linearly with the evaporation temperature glide DG 

(difference between cold water temperature in the storage 

tank and wet-bulb temperature of ambient air).The COP for 

room cooling at daytime run with air cooler in a room, 

COPday, is between 8.8 and 12.6. For day cycle operation, 

the measured overall cooling COPo is 5.1. COPo is expected 

to reach 9.4 at room temperature 45 °C. 

Li Rong, Poul Pedersen, Thomas Ladegaard Jensen, 

Svend Morsing, Guoqiang Zhang 2017[9] studied the wind 

tunnel measurements to investigate the dynamic performance 

of evaporative cooling pad under different control strategies 

including altering water supply duration which was defined 

as pump-on time (ranging from 3 s to 120 s) and control time 

cycle (3, 4 and 5 min), which was defined as the sum of 

pump-on and pump-off time in a cycle. A cross-fluted design 

of impregnated cellulose pad with dimensions of 1.8 m _ 0.6 

m _ 0.15 m (height _ length _ thickness) was used and 

constant water flow rate of 7.5 l min_1 is applied. The results 

indicated that periodic pattern of temperature and cooling 

efficiency was observed due to the setting of pump-on time. 

Larger variation in air temperature difference between inlet 

and outlet of evaporative cooling pad occurred when the 

control time cycle was longer and face air speed was bigger. 

Supplying water to the pad caused higher resistance to the air 

travelling through the pad. A relationship was presented 

between cooling efficiency and a ratio defined by pump-on 

time, water flow rate, control time cycle and air flow rate. The 

ratio of water to air can be implemented by the controller. 

Amrat Kumar Dhamneya, S. P. S. Rajput, Alok 

Singh,2018[10] demonstrated the thermodynamic 

performance analysis of direct evaporative cooling system by 

increasing sides of cooling media. In this paper, a different 

configuration of cooling media has been developed for 

determining the behaviour pattern of the direct evaporative 

cooling system based on performance characteristics using 

Aspen fibers media. The effect of inlet air temperature, 

humidity and mass flow rate of air has been discussed in 

detail by using the different configuration of cooling media. 

The result indicates that the saturation efficiency is 

approximately same for entire developed top flow and 

ordinary lateral flow configurations excluding triangle top 

flow configuration. The highest saturation efficiency were 

observed for triangle configuration 97% for case-I. Maximum 

saturation efficiency of the triangular configuration of an 

evaporative cooling system was found to be 97%, 88%, nil 

and 89% for case-I, case-II, case-III and case-IV respectively, 

over ordinary and other top flow DEC system. 

P. Martíneza, J. Ruiza, P.J. Martíneza, A.S. Kaiserb, 

M. Lucasa,2018[11] experimentally studies the thermal and 

fluid-dynamic behaviour of a new type of evaporative pad 

made from a high-density polyethylene mesh. Three different 

pad sizes with dimensions of 492×712 mm and thicknesses 

of 80, 160, and 250mm are tested. The experiments are 

conducted in a subsonic wind tunnel adapted to recirculate 

water on the pads by a pump-driven circuit. A complete set 

of tests are carried out in which the cooling pad operating 

parameters such as air flow velocity, water flow rate and pad 

thickness are varied. As a result, the values of the following 

characteristic variables of the cooling pad are obtained: 

saturation efficiency, energy efficiency, exergy efficiency, 

pressure drop, humidity ratio variation, air temperature 

variation and amount of evaporated water. The results show 

that the maximum saturation efficiency of this type of pad is 

80.5% and the maximum pressure drop in the air flow is less 

than 17 Pa. In addition, it is established that the behaviour of 

exergy efficiency is opposite to the expected function of the 

evaporative pad and varies from 70% to 94% with decrease 

in pad thickness. Finally, new overall exergy efficiency is 

proposed in this study to optimize the operating conditions of 

the evaporative pad in air conditioning applications. 

The existing research work and different process 

parameters as shown below the table-1 

S.N. Authors and years Input parameters Output parameters 
Type of research 

work 

1. Faleh Al-Sulaiman,2002 Cooling pad materials Cooling efficiency experimental 

2. 
Abdollah Malli et al. 

2010 

Pad thicknesses, pressure 

drop, 

Inlet velocity 

effectiveness experimental 

3. J.K. Jain et al.2011 Pressure drop effectiveness experimental 

4. Mahsa Barzegar et al.2012 Air velocity 
Cooling efficiency, water 

consumption 
experimental 

5. 
Aftab Ahmad, et al. 

2013 

Dry bulb temperature, 

humidity 
Power consumption experimental 

6. Min-Hwi Kim et al.2013 Temperature, humidity Power consumption experimental 
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7. 
Rajat Shekhar et al. 

2016 

Pad material, temperature 

drop 
Cooling efficiency experimental 

8. Tung-Fu Hou et al.2016 Ambient temperature Coefficient of performance experimental 

9. 
Li Rong et al. 

2017 

Power supply duration ,air 

temperature 

Periodic pattern of temperature, 

cooling efficiency 
experimental 

10. 
Amrat Kumar Dhamneya 

et al.2018 
Temperature, air velocity Cooling efficiency experimental 

11. P. Martíneza et al.2018 

Air velocity 

Pad, thickness, water 

consumption 

Saturation efficiency experimental 

Table 1:

IV. CONCLUSION 

This paper undertook a review based study into the 

Evaporative Cooling (EC) technology in terms of its 

background, originality, current status, and researches. This 

all work has great significant for developing new 

technologies relates to Evaporative Cooling (EC), in order to 

get cooling at low energy cost, no harmful effect to 

environment and also having low initial cost. So more 

attention is required in this area and lot of work has to be 

done. 

Many researchers in there research work perform 

experimental analysis of evaporative cooling by changing the 

pad materials and the Configuration of cooling pads like in  

rectangular or triangular shape and analyze their result, so 

there can also be the possibility to perform research work 

with cooling pad in hexagonal configuration . 
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