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Abstract— There has been plenty of research work carried 

out related to evaporative cooling However, very few 

studies are done on reviewing the literature of evaporative 

cooling in all the areas. The following research is based on 

systematic literature review of 20 papers which were 

published on evaporative cooling in the top journals from 

2002-2015. The published authors have researched 

evaporative cooling literatures in the way that would help 

research academicians to take a closer look at the growth 

and development of this technique. This papers aims to 

review the recent development concerning evaporative 

cooling technologies that could potentially provide 

sufficient cooling effort, reduce environmental impact and 

lower energy consumption. The authors have reviewed 

various journal papers and suggested different schemes of 

classification. The review covers working principle, 

performance of evaporative cooling technology and also 

studied direct, indirect and direct-indirect cooling system. 

The study focusing on investigating the method of cooling, 

benefits in terms of power consumption, cost saving and 

various environmental aspects, In addition, certain gap areas 

are identified that would help researchers in future research. 
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I. INTRODUCTION 

Evaporative cooling has been in use for many decades in 

India for cooling water and for providing thermal comfort in 

hot and dry regions. Evaporative air conditioning systems 

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. 

In addition, evaporative cooling systems are more 

environmentally friendly as they consume less energy and 

their performance improves as air temperature increases and 

humidity decreases. As it is relatively cheap and requires 

less energy than other forms of cooling thus it has a prime 

importance in summer season and hot condition. 

II. WORKING PRINCIPLE 

Evaporative cooling 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 

vapor. Thus the air gets cooled and humidified. The cooled 

and humidified air can be used for providing thermal 

comfort. 

III. CLASSIFICATION OF EVAPORATIVE COOLING 

The principle of evaporative cooling can be used in different 

ways. Evaporative cooling can be further classified as 

follows- 

 
Fig. 1: Classification of Evaporative Cooling 

A. Direct Evaporative Cooling (open circuit) 

Direct evaporative cooling introduces water directly into the 

supply airstream (usually with a spray or some sort of 

wetted media). As the water absorbs heat from the air, it 

evaporates and cools the air. In direct evaporative cooling 

the dry bulb temperature is lowered but the wet bulb 

temperature remains unchanged. The efficiency of direct 

cooling depends on the pad media. 

 
Fig. 2: Direct Evaporative Cooling 

B. Indirect Evaporative Cooling (closed circuit) 

Indirect evaporative cooling lowers the temperature of air 

via some type of heat exchanger arrangement, in which a 

secondary airstream is cooled by water and which in turn 

cools the primary airstream. The cooled air never comes in 

direct contact with water or environment. In indirect 

evaporative cooling system both the dry bulb and wet bulb 

temperatures are reduced. Indirect evaporative coolers do 

not add humidity to the air, but cost more than direct coolers 

and operate at a lower efficiency. 

 
Fig. 3: Indirect Evaporative Cooling 
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C. Combined Evaporative Cooling  

This type of evaporative coolers combine indirect with 

direct evaporative cooling. This is accomplished by passing 

air inside a heat exchanger that is cooled by evaporation on 

the outside. In the second stage, the pre-cooled air passes 

through a water-soaked pad and picks up humidity as it 

cools. Because the air supply to the second stage evaporator 

is pre-cooled, less humidity is added to the air, whose 

affinity for moisture is directly related to temperature. The 

two-stage evaporative cooling provides air that is cooler 

than either a direct or indirect single-stage system can 

provide individually. In many cases, these two-stage 

systems provide better comfort than a compressor-based 

system, because they maintain a more favorable indoor 

humidity range. 

 
Fig. 4: Combined Evaporative Cooling 

IV. SOURCES OF LITERATURE 

Numerous articles dealing with theory and working of 

evaporative cooling  have been published over last 5 years, 

but topic is still under considerable development. We have 

examine the work related to concept of evaporative cooling  

published in referred journals. The distributions of articles in 

various journals is as follows : 

Journal Name - 

International Journal of Clean Energy Technology 

International Journal of Latest Trends 

International Journal of Environment Science & 

Development 

International Journal on Recent & Innovation Trends 

in Computing & Communication 

Fundamentals & Renewable Energy & Applications 

International Journal of Engineering & Applications 

International Journal of Energy & Environment 

International Journal of Research in  Engineering & 

Technology 

International Journal of Research in Advent 

Technology 

International Journal of Scientific & Engineering 

Research 

International Journal of Engineering Research & 

General Science 

IJARIIE 

International Journal of Advance Research in Science 

Engineering & Technology 

International Journal of Science Engineering & 

Technology 

American Journal of Scientific & Industrial Research 

International Journal of Energy & Environment 

International Journal of Engineering & Technology 

International Journal of Science & Energy 

Applications 

International Journal for Scientific Research & 

Development 

International Research Journal of Energy & 

Technology 

International Journal of Research in Advent 

Technology 

International Journal of Science & Research 

International Journal of Advanced in Energy & 

Technology 

Journal of Modern Applied Science 

SASTECH Journal 

International Journal of Innovative Research in 

Science, Engineering & Technology 

Universal Journal of Environmental Research & 

Technology 

International Journal of Research in Aeronautical & 

Mechanical Engineering 

Table 1: Distribution of reviewed articles 

THEORY METHOD YEAR CONTRIBUTION 

D. A. 

Hindoliya 
Theory 2005 

Indoor & outdoor 

thermal conditions 

in different zones 

of India using 

evaporative cooler. 

El Awad Theory 2010 

Studied the solar 

powered winter air 

conditioning 

system using 

evaporative 

Cooler 

E. Velasco 

Gómez 
Theory 2010 

The phenomenon 

of evaporative 

cooling from a 

humid surface as an 

alternative method 

for air-

conditioning. 

Vivek Khond Experiment 2011 

Investigation of 

desert cooler 

performance using 

four different 

cooling pad 

materials 

Poonia M.P. Experiment 2011 

30w energy can be 

saved with desert 

cooler without 

affecting the 

performance of the 

cooler. 

Seth I. 

Manuwa 
Theory 2012 

Evaluation of pads 

and geometrical 

shapes for 

constructing 

evaporative cooling 

system 

M. S. Sodha 

& 

A. 

Somwanshi 

Experiment 2012 

There is an effect 

on performance of 

an evaporative 

cooler variation of 

water temperature 

along the direction 
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of flow 

R. K. 

Kulkarni 
Experiment 2013 

Studied 

comparative 

performance 

analysis of 

evaporative cooling 

pads of alternative 

configurations and 

materials. 

S. P. S. 

Rajput 
Experiment 2013 

Performance 

analysis of 

evaporative cooling 

pads of alternative 

configurations and 

materials. 

A. 

Chorapullakal 
Experiment 2013 

By using heat pipes 

instead of ceramic, 

there has been 

effective heat 

transfer between 

the two air flows. 

A. Alharbi Experiment 2014 

Evaluated thermal 

performance of 

evaporative cooling 

systems. 

Krishna 

Shrivastava 
Experiment 2014 

Evaluate energy 

saving opportunity 

in evaporative 

cooling with split 

cooling unit. 

Dr. Sunil 

Prayag 
Theory 2014 

Studied evaporative 

cooling system 

with its application. 

Boukhanouf, 

Ibrahim 
Theory 2014 

The structural 

ability of ceramic 

material lend cooler 

well to performing 

the function of air 

conditioning in 

regions with hot 

and dry climate 

conditions. 

Amit Kumar 

Jain 
Experiment 2014 

Eliminate the use of 

water pump to 

reduce electricity 

consumption and to 

increase the 

efficiency. 

Dr. Dhiraj 

Deshmukh 
Experiment 2014 

Analysis of coconut 

coir pad 

evaporative cooler 

Hari Kumar 

Singh 
Theory 2014 

Studied potential of 

indirect evaporative 

cooling. 

O. Amer Theory 2015 

Indirect evaporative 

coolers showed 

higher values of 

effectiveness and 

more economical in 

terms of energy 

consumption 

saving. 

B.L.Thakor Experiment 2015 

Developed 

economical 

evaporative air 

conditioner for 

equatorial and 

tropical regions. 

Abdullah 

Alotaibi 
Experiment 2015 

Presented 

performance of air 

conditioning 

System using air 

cooled condenser 

with water 

atomization. 

Sachdeva A. Theory 2015 

Presented 

performance 

analysis of 

evaporative cooling 

in indian summer. 

Mr. S.N 

Tripathy 
Experiment 2016 

Uses a regenerative 

evaporative cooling 

for energy saving 

opportunity in 

buildings 

Ashwani 

Sharma 
Experiment 2016 

Increase 

effectiveness by 

converting dessert 

cooler into low cost 

air conditioner 

using peltier 

module 

Upendra 

Parashar 
Experiment 2016 

Presented 

performance 

enhancement of 

evaporative 

Dessert cooler by 

using cooling duct 

Amit 

Chandak 
Theory 2016 

Studied pump less 

air cooler to reduce 

electricity 

consumption 

Table 2: List of recent contributions on evaporative cooling 

and development of literature 

V. LITERATURE SURVEY 

The various researchers have applied different 

methodologies to get evaporative cooling effect. The 

literatures are classified on the basis of methodology applied 

for the particular applications.  

A. Performance Studies on Evaporative Air Coolers: 

The performance of evaporative coolers depends on the 

outside air dry bulb temperature and wet bulb temperature 

that means and the rate of evaporation of water. The 

evaporation rate depends on air velocity across the cooling 

pad material, thickness of cooling pad material, water 

circulation rate and the flow arrangements for water 

circulation. 

The efficiency of direct cooling depends on the pad 

media. A good quality rigid cellulose pad can provide up to 

90% efficiency while the loose aspen wood fiber pad shall 

result in 50% to 60% contact efficiencies. The efficiency of 

indirect cooling is in the range of 60%-70%. Two-stage 
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evaporative coolers can reduce energy consumption by 60% 

to 75% over conventional air conditioning systems, 

according to the American Society of Heating and Engineers 

(ASHRAE). Yet this relative improvement depends on 

location and application. 

B. Cooling Pad Materials 

Vivek W. Khond investigated the desert cooler performance 

using different cooling pad materials. Experimentation was 

conducted under varying speed of fan, and parameters like 

water consumptions, cooling efficiency, and air velocity 

were measured. Graph also revealed that water consumption 

rate for stainless steel wire mesh pad is very low as 

compared to other Pads.  

Maximum water consumption was observed in 

wood wool pad. Coconut coir and Khus pad also shown less 

water consumption rate as compared to conventional wood 

wool pad. At high fan speed, water consumption was lower 

for all pad materials. Maximum cooling efficiency was 

found in wood wool and Khus pad materials. Stainless steel 

wire materials pad shows poor cooling efficiency as 

compared to other pad materials but can be used where 

relative humidity was higher. As fan speed decreases, 

cooling efficiency of all pad materials increases. 

C. Analysis of Heat & Mass Transfer 

Evaporative cooling technology is based on the energy and 

mass transfer between two streams. During of which both 

air and water are cooled due to evaporation of water. In a 

direct evaporative cooler, the heat and mass transferred 

between air and water decreases the air dry bulb temperature 

(DBT) and increases its humidity, while in an ideal process 

the enthalpy would be essentially constant. The temperature 

of the outside air can be reached near the wet bulb 

temperature (WBT). The cooling media provides a large 

water surface in which the air gains moisture and the media 

is wetted by spraying water. In the indirect evaporative 

cooling method a wet surface heat exchanger is used where 

a non adiabatic evaporation takes place. Primary air is 

cooled sensibly without adding water which flows in dry 

passages, while the secondary air carries away heat energy 

from primary air which flows in wet passages. The wet 

passages surface is wetted by spraying water, so that water 

film evaporates into the secondary air and decreases the 

temperature. Therefore heat is transferred from primary to 

secondary air without introducing moisture into the primary 

air stream. The air leaving the dry side of the cooler has a 

lower wet-bulb temperature than the ambient. 

VI. GAPS IN LITERATURE 

The following are few research gaps in the literature: 

 The methodologies used by different authors are 

partially difficult to understand. 

 There are number of papers available in different field 

of evaporative cooling but very few papers are available 

related to reduce the water consumption. 

 Very less research work is done related to reduce noise 

in operation. 

 So that the areas for future research can be summarized 

as water consumption, quality of air, noisiness in 

operation which are not explored yet with full potential. 

VII. OBJECTIVE OF RESEARCH PAPER 

 To study the concept of Evaporative Cooling.  

 To present simplified working principle of evaporative 

cooling and its types.  

 To identify the areas related to evaporative cooling 

which are partially explored. 

 To identify the need of evaporative cooling in future.  

VIII. CONCLUSION 

In this paper a literature review of evaporative cooling 

technology applicable in hot & dry area was carried out. 

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. 

This paper undertook a review based study into the 

evaporative cooling technology in terms of cost, power & 

energy consumption, effectiveness etc., but the 

methodologies presented by authors are partially difficult to 

understand. So more attention and lot of research is required 

in this area for developing new technologies related to 

evaporative cooling. 
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