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Abstract— Evaporative cooling systems provide years of 

trouble-free service and cool, clean, comfortable, fresh air at 

a lower energy cost than conventional air conditioners—and 

initial costs are competitive as well. Recent study found that 

in India air conditioner will cause for three times energy 

consumption by 2040. So that evaporative cooler has become 

interest of researchers to improving the effectiveness of 

evaporative cooler by considering all human comfort factors 

like air velocity, temperature, relative humidity and purity of 

air. 
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I. INTRODUCTION 

Evaporative cooling is a thermodynamic process. When 

water evaporates from the surface, it provides cooling effect. 

The cooling media provides a large water surface in which 

the air gains moisture and the media is wetted by spraying 

water. When hot and dry air passes over a wet surface of the 

pad, the water evaporates and loses its sensible heat and gains 

equal amount of latent heat of water vapor, thereby reducing 

its temperature. When hot and dry air passes over a wet 

surface of the pad; it decreases process air temperature. The 

air flow may be counter flow or cross flow. The constant 

supply of air flow is caused by mechanically driven fan. The 

evaporative cooling performance depends on characteristics 

of pad, mass flow rate of air. When air passes through porous 

wet media, some amount of water evaporates and reduces the 

air temperature. The temperature of saturated moist air 

approaches nearly the WBT. The efficiency of evaporative 

cooling system is directly affected by factors such as type of 

pad material, thickness of pad and surface area of pads, mass 

flow rates of air, pad efficiency, dryness of the air and % RH 

of air passing through the pad and volume of water used. 

Hence selection of pad requires careful attention. To allow 

the evaporation process; the evaporative pad material should 

have good heat transfer characteristics and water absorbing 

capability. 

II. PRINCIPLE OF EVAPORATIVE COOLER 

The basis for understanding any air conditioning, 

dehumidification and evaporative cooling is Psychometrics. 

Psychometric consists of the interactions between heat, 

moisture and air. It is basically the study of air-water mixtures 

and is an essential foundation for understanding, how to 

change air from one condition to another. As air temperature 

rises, its capacity to hold moisture rises also; and warmer air 

becomes less dense. This makes moisture a very influential 

factor for heat gain, both for comfort and in calculations. The 

knowledge of systems consisting of dry air and water vapor 

is essential for the design and analysis of air conditioning 

devices, cooling towers, and industrial processes requiring 

close control of the vapor content in air. Air moisture and heat 

interactions are rather complex; fortunately, these 

interactions can be combined in a single chart. However 

before explaining the details of how to use the chart, some 

terms, definitions, and principles used in the study of systems 

consisting of dry air and water must be introduced. 

III. LITERATURE REVIEW. 

A. Background 

 Evaporative cooling is a physical phenomenon in which 

evaporation of a liquid, typically into surrounding air, 

cools an object or a liquid in contact with it. Evaporative 

cooling occurs when air, that is not too humid, passes 

over a wet surface; the faster the rate of evaporation the 

greater the cooling. There have been various designs over 

the years. 

 Many researchers examined the performance of cooling 

pads in respect of mass flow rate, air velocity, thickness 

of pad and types of pad material 

 B. Riangvilaikul , S. Kumar 2009 [1] in this paper a novel 

dew point evaporative cooling system for sensible 

cooling of the ventilation air for air conditioning 

application was constructed and experiments were 

carried out to investigate the outlet air conditions and the 

system effectiveness at different inlet air conditions 

(temperature, humidity and velocity) covering dry, 

temperate and humid climates. The results showed that 

wet bulb effectiveness ranged between 92 and 114% and 

the dew point effectiveness between 58 and 84%. A 

continuous operation of the system during a typical day 

of summer season in a hot and humid climate showed 

that wet bulb and dew point effectiveness were almost 

constant at about 102 and 76%, respectively. The 

experiment results were compared with some recent 

studies. 

 Abdollah Malli,  Hamid Reza Seyf ,Mohammad Layeghi 

c, Seyedmehdi Sharifian , Hamid Behravesh,2010[2] as 

per his work, thermal performance of two types of 

cellulosic pads (5090 and 7090) which were made from 

corrugated (a series of parallel ridges and grooves) 

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] in This paper, the 

performance analysis of two new evaporative cooling 

pad materials. Now-a-days evaporative cooling pads are 
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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, Mohammad Layeghi, Ghanbar 

Ebrahimi, Yahya Hamzeh , Manouchehr 

Khorasani,2012[4] The purpose of this study was 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, Shafiqur Rehman, Luai M. Al-

Hadhrami,2013[5] 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. 

 Joohyun Lee, et al.,2013 [6] this paper Present 

Experimental study of a counter flow regenerative 

evaporative cooler with finned channels. A regenerative 

evaporative cooler has been fabricated and tested for the 

performance evaluation The air flowing through the dry 

channels is cooled without any change in the humidity 

and at the outlet of the dry channel a part of air is 

redirected to the wet channel where the evaporative 

cooling takes place. The regenerative evaporative cooler 

fabricated consists of the multiple pairs of finned 

channels in counter flow arrangement. The fins and heat 

transfer plates were made of aluminum and brazed for 

good thermal connection. Thin porous layer coating was 

applied to the internal surface of the wet channel to 

improve surface wettability. The cooling performance is 

found greatly influenced by the evaporative water flow 

rate. To improve the cooling performance, the 

evaporative water flow rate needs to be minimized as far 

as the even distribution of the evaporative water is 

secured. At the inlet condition of 32°C and 50% RH, the 

outlet temperature was measured at 22°C which is well 

below the inlet wet-bulb temperature of 23.7°C. 

 M. Jradi , S. Riffat,2014[7] In this paper a numerical 

analysis is carried out for a modified dew point cooling 

system based on a proposed psychometric energy core 

(PEC) with a cross-flow heat and mass exchanger for 

buildings air-conditioning applications. A detailed 

numerical model was developed for the energy core with 

the cross-flow exchanger using Mat lab. The coupled 

heat and mass transfer equations were solved using a 

fully implicit accurate finite difference scheme to predict 

air temperature and humidity distribution throughout the 

dry and wet channels. With an intake air of 300C 

temperature and 50% relative humidity and a working-

to-intake air flow ratio of 0.33, the system attained a wet 

bulb effectiveness of 112% and a dew point effectiveness 

of 78% with 5 mm channel height and 500 mm channel 

length. In addition, an experimental setup was built and 

a dew-point cooler with a cross-flow heat and mass 

exchanger was tested to assess the feasibility of using 

such dew point cooling systems under various 

operational and ambient conditions. The numerical 

model developed was validated using published data in 

addition to the experimental results. Using the validated 

model, a parametric study was carried out for a dew-

point cooler with cross-flow heat and mass exchanger to 

investigate the effect of different operational parameters 

on the overall performance and to optimize the cooling 

system performance to achieve the indicated thermal 

comfort levels in buildings. 

 Min-Hwi Kima, Duk-Soo Jeong b, Jae-Weon 

Jeonga,2014 [8] The objective of this research was to 

develop practical models for predicting the thermal 

performance of a wet-coil indirect evaporative cooler 

(IEC). Through statistical analysis of cooling and heat 

exchange effectiveness data generated by a simple ε − 

NTU (number of transfer units) method, simplified 

models returning the thermal performance of a wet-coil 

IEC were developed. Linear regression equations were 

derived as a function of the major design parameters and 
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interactions that strongly affected the wet-coil IEC’s 

performance. A pilot wet-coil IEC unit was built to 

validate the proposed models. Effectiveness data were 

obtained under a controlled range of operating conditions 

in an environmental chamber. Then, the energy-saving 

potential achievable by integrating a wet-coil IEC into a 

conventional variable air volume (VAV) system for pre-

conditioning the outdoor air intake was quantitatively 

evaluated. The experimental results showed that more 

than 75% cooling effectiveness and 59% heat reclaim 

effectiveness could be achieved under wet and dry 

operating conditions, respectively. The experimental 

data acquired using the pilot unit agreed well with the 

thermal effectiveness predicted by the proposed models. 

Consequently, the VAV system integrated with the wet-

coil IEC showed more than 45% reduced annual 

operating energy consumption compared with the 

conventional VAV system. 

 Sergey Bolotin, Borys Vager, Vladimir Vasilijev, 2015 

[9] This paper presents a comparative study of two 

selected types of cross-flow indirect evaporative units: 

typical air cooler and regenerative air cooler. The key 

target of presented analysis is to establish which of the 

considered units is more favorable for air-conditioning 

application. The analysis was performed on the base of 

numerical methods. An original mathematical model was 

developed and validated against existing experimental 

data. A comparison was performed for two basic 

operating conditions: constant airflow velocity in dry and 

wet channels and variable inlet airflow parameters 

(temperature and moisture content) and variable airflow 

velocity under constant inlet airflow parameters. 

Additionally, a sensitive analysis of heat and mass 

transfer process was performed on the base of the e–NTU 

method to establish preferable operating conditions. 

 Sergey Anisimov, Demis Pandelidis* , Andrzej 

Jedlikowski 2015 [10] The paper presents numerical 

analysis of heat recovery exchanger, which operates as 

an indirect evaporative air cooler in summer conditions 

and as a typical heat recovery unit during winter season. 

The numerical simulation is performed with the original 

mathematical model which is able to simulate the 

operation during summer and winter season. The model 

was validated against existing experimental data 

(operation as indirect evaporative air cooler) and against 

experimental data collected by authors at Wroclaw 

University of Technology (operation as heat recovery 

exchanger). Obtained results allowed for analysis of heat 

and mass transfer process occurring in considered 

exchanger during round-year operation. The 

characteristic heat and mass transfer zones for 

evaporative air cooler and heat recovery exchanger were 

established. Results also allowed for analysis of most 

important problems connected with achieving highest 

efficiency of the exchanger and achieving safe operating 

conditions during winter season (preventing the 

exchanger from freezing). Safe operating conditions 

(parameters of the ambient air in winter which would 

guarantee that no frost would be formed on the plates) 

were established. The analysis of the effectiveness of the 

novel exchanger with selected factors (i.e. obtained 

cooling capacity, thermal efficiency and relative 

effectiveness) was also presented in the paper. 

 Rajat Shekhar1 Dr. M K Chopra Dr. Rajesh 

Purohit,2016[10]  In this work 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 rise and cooling efficiency. By using Semi-

circular shaped utilization 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. 

 Li Rong , Poul Pedersen , Thomas Ladegaard Jensen , 

Svend Morsing ,Guoqiang Zhang 2017[11] in this paper 

the Evaporative cooling pad are widely used in poultry 

production houses in hot and arid climate to provide an 

appropriate indoor thermal conditions for animals. 

Currently, the main challenge of this system is to 

maintain the indoor thermal conditions stable so that the 

productivity is ensured. This study used 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 x 0.6 m x 0.15 m (height x length x 

thickness) was used and constant water flow rate of 7.5 

min/sec. 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[12] This paper demonstrates 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 
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behavior 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. 

S.N. Author Input parameter Output parameter 
Type of 

research work 

1. 
B. Riangvilaikul , S. Kumar B. 

Riangvilaikul , S. Kumar 
dew point effectiveness Experimental 

2. Abdollah Malli et al. 
Pad thicknesses, pressure 

drop, Inlet velocity 
effectiveness Experimental 

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

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

consumption 
experimental 

5. Aftab Ahmad, et al. 
Dry bulb temperature, 

humidity 
Power consumption experimental 

6. Joohyun Lee, et al Air flow rate, wind tunnel Relative humidity change experimental 

7. M. Jradi , S. Riffat Dew point temperature, 
Relative humidity, air flow 

ratio 

Numerical 

model 

8. 
Min-Hwi Kima, Duk-Soo Jeong b, 

Jae-Weon Jeonga 
variable air volume effectiveness experimental 

9. 
Sergey Bolotin, Borys Vager, 

Vladimir Vasilijev 

airflow parameters 

(temperature and 

moisture content 

effectiveness 
Numerical 

model 

10. 
Sergey Anisimov, Demis 

Pandelidis* , Andrzej Jedlikowski 

heat recovery exchanger 

in winter 

cooling capacity, thermal 

efficiency and relative 

effectiveness 

Mathematical 

model 

11. Rajat Shekhar et al. 
Pad material, temperature 

drop 
Cooling efficiency Experimental 

12. Li Rong et al. 
Power supply duration, 

air temperature 

Periodic pattern of 

temperature, cooling 

efficiency 

Experimental 

13 

Amrat Kumar Dhamneya, Amrat 

Kumar Dhamneya , S. P. S. Rajput, 

Alok Singh 

air temperature, humidity 

and mass flow rate of air 
saturation efficiency Experimental 

Table 1: The existing research work and different process parameters 

IV. CONCLUSION 

Evaporative cooling technology is environment friendly 

which does not emits any greenhouse gases and provides 

100% fresh air to the space and remove smoke, odours, smell 

from the space. Evaporative cooling is more economic, 

effective and energy saving in hot and dry climates. The 

performance and effectiveness of evaporative cooling 

depends upon inlet air velocity, air mass flow rates and 

moisture contents present in the environment and it also 

depends on thickness of evaporative media and geographical 

locations. EC systems have some limitations in high humid 

regions. In high humid regions the efficiency of EC systems 

is reduced. With the help of dew point temperature based 

cooling system, the moisture content can be removed from air 

and overcome these limitations of the systems. 

Above research showing that the evaporative cooling system 

has now became interest of researchers because of its 

economic feasibility and technical parameters which giving 

immense opportunity to enhance its effectiveness through 

different cooling pad configuration and by stimulating other 

parameters. These efforts turn simple evaporative cooler into 

hybrid evaporative cooler. 
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