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Abstract - The function of air conditioning systems has seen impressive development over the most recent couple of 

decades everywhere throughout the world, particularly in commercial buildings in ensuring the occupant thermal 

comfort. All the same, it is followed to have bad effects on the earth as well as increased power consumption in 

buildings. Hence, there has been extensive research to recognize options, in contrast to conventional vapour 

compression air conditioning systems. This account intends to review the ongoing improvements concerning 

evaporative cooling advancements that might give adequate cooling comfort, reduce environmental impact and lower 

energy consumption in buildings. Researches have done as on date in evaporative cooling systems centre predominantly 

around mainly on drawing down the dry bulb temperature of the incoming air. The theoretical efficiency of 100% can 

be achieved when the room dry bulb temperature is equal to the wet-bulb temperature of the outside atmospheric air. 

A wide literature review has been carried out and mapped out the best evaporative cooling systems. The review covers 

direct evaporative cooling, indirect evaporative cooling, and combined direct-indirect cooling systems. 

Keywords: Dry bulb temperature, Efficiency, Evaporative cooling advancement, Power consumption, Thermal comfort, Wet 

bulb temperature. 

I. INTRODUCTION 

It is reported that from the total primary energy use 

globally, nearly 30 to 40% energy is utilized for building 

for maintain comfortable indoor conditions for occupants. 

Owing to the kind of simplicity and flexibility, window or 

split type air conditioners are more common in residential 

and commercial buildings. These type of air condenser 

normally use air condenser for rejecting latent heat to 

condensing medium in the cycle. The functioning of 

these air condenser found reasonable as long as the 

ambient temperature is moderate and not too high. But in 

the region of high temperature like summer in vidarbha 

areas , the performance of these air condenser in air 

conditioners drops with corresponding rise in the power 

consumption  because under high ambient temperature , 

compressor has to  work under the greater pressure ratio 

[1]. Sometimes situation become so worst that the air 

conditioner may get trip down at very high ambient 

temperature. So to get rid of all these issues in the 

region of high temperature, it is very necessary to cool 

down the hot ambient air before it entered over the 

condenser coil to decrease thetemperature and pressure 

of the condenser. The most feasible and simple method 

of cooling the ambient air is the use of the evaporative 

cooling system. Use of such methodology may result in 

significant improvement in the saving of energy since 

there are millions of air conditioners in the residential 

sector and any small reduction in power consumption of 

an air conditioner could save a huge amount of 

megawatt in the network. Presently mechanised 

vapour compression coolers (MVC) are 

commercially dominant despite their intensive 

energy use and low performance in the hot climate. 

In contrast, evaporative cooling systems are more 

environmentally friendly as they consume less 

energy and their performance improves as air 

temperature increases and humidity decreases. 

However, the main drawback of the evaporative 

cooling is their high dependency on the ambient air 

conditions. Since the temperature difference between 

the dry- and wet-bulb temperatures of the ambient air 

is the driving force of evaporative cooling. For mild 

and/or humid climate this difference is small, 

therefore, leads to limited cooling capacity [2]. 

II. LITREATURE REVIEW 

Nowadays, the air conditioning device is dominated 

through mechanical vapour compression systems, which 

are power intensive and suffer from poor thermal 

performance in hot weather regions. There is an effective 

utility of the evaporative cooling which can give a viable 
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solution for cooling in hot and dry regions. This cooling 

method makes the use of the principle of water evaporative 

for absorbing the heat in the environment, so it uses very 

little electricity compared to the mechanical compression 

system. Currently, two types of evaporative cooling 

systems direct and indirect evaporative cooling systems 

are most common in use. [3]The direct evaporative cooling 

system makes use of the latent heat of evaporation to 

decrease the temperature of the air, which changes the 

warm air to cool and moist air. Indirect evaporative 

cooling systems have the advantage of decreasing the air 

temperature without increasing the humidity of the 

conditioned space. The present paper reviews various 

studies carried out related to the evaporative air cooling 

recently and the past. The cooling efficiency of the 

evaporative cooling system is found to be increased by 

imparting the following three methodologies in the system, 

viz., (i) Introduction of suitable components for effective 

evaporation; (ii) Combining direct and indirect cooling 

systems; and (iii) Utilization of different pad materials 

with different thicknesses. 

A. Evaporation rate enhancement studies: 

Giabaklou and Ballinger [4] had attempted to study the 

effectiveness of a passive evaporative cooling system and 

providing natural ventilation i.e. (through atmospheric air). 

The front faces of a building are provided with water guide 

filaments and where water flows from the top to bottom by 

the gravitational force. The incoming air then gets cooled 

as well as humidified and then enters the building. Such a 

system is found to reduce the temperature of incoming air 

(through evaporative cooling) by 9.9 ºC, averaged over a 

day. Giabaklou et al [5] had extended the study by using 

PMV (Predicted Mean Vote) methodology; using such a 

system can improve PMV significantly when the number 

of air changes per hour is higher. 

Nishikant Z. Adkane, Saroj V. Borkar, Ramesh D. Bokde 

[6] had worked on a Domestic refrigerator and then done a 

detailed comparative analysis between the water-cooled 

condenser and air-cooled condenser. In this paper after the 

experimentation is done on an evaporative cooling system 

at 40W. Then is to be graph is being plotted with the 

relation of COP (Coefficient Of Performance), 

R.E.(Refrigeration Effect)) with respect to time and then 

we come to a final conclusion that the refrigerator works 

simply and efficiently with the water-cooled condenser. By 

the usage of the water-cooled condenser, the COP can be 

increased up to 86% [6]. 

Kittas et al [7] had investigated the temperature and 

humidity gradients in (summer season) on greenhouse 

which are equipped with a ventilated cooling-pads system 

and it is also provided with half shade plastic roof. The 

cooling performance is observed to be increased up to 80 

% is reported. The temperature of the greenhouse is 

observed to be lowered by 10 ºC compared to the outside 

air. 

He and Hoyano [8] had studied then investigated on the 

cooling effect on the passive evaporative cooling wall 

which is constructed of porous ceramic materials. It has 

been reviewed after the investigation that the cooling 

efficiency was reached to a maximum of 0.7 during sunny 

daytime periods (in summer days) and it was observed that 

higher cooling efficiency was obtained under windy 

conditions (in winter days) where wind speed varies from 

1-3 m/s in continuously blowing during the testing. Then 

they had also reviewed a hybrid system of nocturnal 

radiative cooling and direct evaporative cooling and it was 

observed that up to 13.5 ºC reduction in indoor 

temperature was reported. 

Taufiq et al [9] had conducted an experimental 

investigation on the energy analysis of the evaporative 

cooling system by reducing energy expenditure in a 

building. Therefore, the relationship must be developed 

between relative humidity, energy efficiency, and also 

between ambient temperature and energy efficiency. It was 

reviewed form this experimental investigation that when 

the relative humidity of the system is increased, the use of 

energy also observed to be increased. It is also reviewed 

that evaporative cooling can be considered as a feasible 

technology that can be used effectively to reduce 

mechanical cooling and energy requirement. 

B. Studies on Indirect / Direct evaporative cooling 

system: 

Datta et al (1987) had experimentally studied on 8.5 ton 

indirect-direct evaporative cooling system and had 

reviewed that by the use of such a system we can provide a 

relief cooling rather than comfort cooling. The room 

temperature could be maintained at 4-5ºC and above the 

inlet wet bulb temperature (WBT) by using such a cooler. 

The use of Indirect-direct evaporative cooling for 

residential use in arid regions like Israel was attempted by 

Navon and Arkin[10]. Such a system can be used more 

effectively to provide a higher level of thermal comfort 

where external humidity is around 80%. 

Gomez et al [11] had investigated and developed a ceramic 

evaporative cooling system that can be used as a semi-

indirect cooler. The cooled water which is supplied from 

the cooling tower is then passed through the annulus 

passage through the ceramic tube. The outside air 

(atmospheric air) is then passed through the central region. 

Chilled water (cooled water) then evaporates by seeping 

through the pores. Using such a system allows the 

recirculation of indoor air, which is not possible in the 

conventional evaporative cooling system. The use of such 

a system is experimentally observed and then reviewed 

that 5-12 ºC temperature is dropped which is obtained 

under various conditions. 
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Figure 1: In-direct evaporative cooling system 

Dai and Sumathy [12] had investigated a cross-flow direct 

evaporative cooler, in which they had used a wet durable 

honeycomb paper that can be used as a packing material. 

A mathematical model is then to be developed which 

includes the governing equations of liquid film and gas 

phases as well as the interface conditions of the system 

provided. The interface temperature of the falling film has 

to be predicted and the variation of temperature, humidity 

ratio in the flowing channel, the effect of system size and 

effect of operating parameters as inlet temperature, the 

humidity of inlet air and temperature of feed water are 

studied and observed for the recording of data. The liquid-

gases interface temperature is then to be predicted and the 

evaporative cooling process of falling film is then analyzed 

quantitatively. The optimum length of the air channel also 

has to be recorded. 

Workneh et al [13] had investigated the effectiveness of 

forced ventilation evaporative cooling systems during the 

storage of tomatoes and the storability of pre-harvest 

treated tomatoes using evaporative cooling methods. 

Average dry bulb temperature (DBT) of ambient air and 

inside the evaporative cooling had been observed and 

recorded at 32 °C and 20.5 °C respectively. An average 

temperature drop which was observed and found to be 

11.5°C. The average relative humidity of ambient air and 

inside the evaporative cooling is then recorded as 40 % 

and 83.9 % respectively. Then it was found that the 

average difference between the inside and outside relative 

humidity during the test is 43.9 %. 

 

Figure 2: Direct evaporative cooling system 

Chaktranonda and Doungsong [14] had experimented and 

evaluated on the energy savings technique in a split-type 

air conditioning with an evaporative cooling system. It was 

observed that the ambient temperature of the air has been 

influenced by power consumption by compressor and 

COP. When the air temperature is raised by 1 °C, then it is 

observed that electrical power consumption is increased by 

around 4 %.  It occurs due to high contact surface between 

water and air-stream; the evaporative cooling system can 

effectively decrease the power consumption by around 15 

%. Therefore, it can increase COP by up to 45%. 

C. Studies related to a two-stage evaporative cooler: 

El-Dessouky et al [15] had carried-out the experimental 

investigation on performance on analysis of two-stage 

evaporative coolers. The system is to be operated as a 

function of the packaging thickness and the water flow rate 

of the DEC unit. The efficiency of IEC and DEC units, 

when operated individually, was found to be 20-40 % and 

63-93% respectively, whereas the efficiency of two-stage 

IEC/DEC varied over a range of 90-120%. 

D. Studies on the modelling of evaporative cooling 

systems: 

A mathematical model is the representation of a device or 

concept which uses a number of variables and represents 

inputs and sets of equations or inequalities to describe their 

interaction. Mathematical models developed for the 

evaporative cooling system are mainly used to predict the 

system behaviours like cooling efficiency, temperature 

drop, and optimum air velocity for various inlet conditions. 

Kimmel et al [16] had developed a theoretical model of an 

evaporative cooling in which a wetted hide and 

simulations have shown that the evaporative effectiveness 

and effective wetness depends on the parameters like 

temperature, humidity, and air velocity and on intrinsic 

local properties such as water content and distribution 

within the hide. 

Sweetland and Lienhard [18] had developed a 

mathematical model using a Karman-Pohlhausen treatment 

of the velocity and thermal boundary layers accounting 

onthe evaporation of an entrained water spray and also 

investigated the effect of water sprays commonly used to 

cool freshly drawn glass fibres. In general, a reasonably 

good matching between the model and experimental data 

are reported in these studies. 

III. CONCLUSION 

Following are the conclusion that can be drawn from the 

reported literature review. 

Due to increase demand of occupants for thermal comfort, 

building energy consumption is increases at very high rate. 

The high energy demand , high energy  cost and the global 

warming demanding some improved energy systems to 

enhance energy efficiency  and at the same time curtailing 

greenhouse gas emissions [26]. This is a reason of giving 

more concern to the use of energy-efficient technologies 

for saving both energy and money and one of them is the 

evaporative cooling technology use [27-29]. With the 

undergoing pollutant emission constraints and electricity 

disaster, the use of the evaporative cooling system is very 

beneficial. In the present work, detailed review of various 

kind methods of evaporative cooling systems and work 

related to that are reported. The important factor that 
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suggests the use of evaporative coolers is the difference in 

the wet bulb and outside air dry-bulb temperature. With an 

evaporative cooling system, one can reduce the incoming 

ambient air temperature to the room to a great extent. Pre-

cooling of water could enhance a direct evaporative cooler 

that cools the air even below its inlet WBT. 

The reduction in temperature comes at the expense of 

greater relative humidity. It may be disadvantaged in 

certain applications. Various attempts have been made to 

study the effect of number parameters on the evaporative 

cooler performance. The pad material, pad thickness, air 

velocity, water circulation rate, and flow arrangements are 

found to have an effect on the overall performance of such 

evaporative coolers. For the given conditions, there exists 

a superior pad thickness balancing the evaporation rate and 

pressure drop across the pads. Various other methods, like 

a thermal curtain, providing water filament guides over the 

external facet of the building, evaporative walls, are being 

attempted. Efforts have been made to model the 

performance of evaporative cooling systems and 

reasonable agreements between the predictions and 

experiments are reported. 
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