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Abstract 

One of the world’s most energy consuming sector is heating, ventilation and air conditioning. A lot of energy is consumed by 

traditional cooling systems based on the conventional vapour compression refrigeration cycle. The VCR system which contains 

refrigerants in circuits produced a harmful effect on environment and also dangerous to human life if leakages occur. These 

factors were mainly responsible for the development of evaporative coolers. In direct evaporative cooling system, it will give 

adequate temperature drop of air with increase in humidity which is not desirable for human health. So for overcoming these 

difficulties, indirect evaporative cooling system will be used for air coolers in which heat mass exchanger is used. To get higher 

temperature drop and wet bulb effectiveness above 100%, Scientist Valeriy Maisotsenko developed Maisotsenko cycle. The aim 

of our study is to find the best alternative of existing conventional cooling systems.   

Keywords: Evaporation, Indirect evaporative cooling, Heat and mass exchanger, Maisotsenko cycle, Wet bulb 

effectiveness 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

About 40% of total power consumption is in residential and commercial zones and in which 30% power is used for cooling 

purpose. Vapour compression refrigeration system most commonly used cooling system. It consumes comparatively high power 

as compressor is used. CFC refrigerants are mostly used in vapour compression refrigeration system which are toxic and also 

affect the ozone layer.  The other most preferable cooling system is direct evaporative cooling system in which air is cooled by 

evaporation of water. Though it gives high temperature drop but the drawback of direct evaporative cooling system is that the 

outlet air has very high moisture content. So in this context the more advantageous cooling system as indirect evaporative 

cooling system is briefly introduced with its potential and merits and demerits. The indirect evaporative system uses heat and 

mass exchanger for cooling the wet air by mass transfer of water and cooling dry air by heat transfer between dry air and wet air. 

II. EVAPOATIVE COOLING 

Evaporative cooler reduces the temperature of air using principle of evaporative cooling. Evaporative cooling is the addition of 

water into air, which causes lowering the temperature of air. The energy needed to evaporate water is taken from the air in the 

form of sensible heat, which reduces the temperature of the air, and water receives the heat in the form of latent heat and 

converted into Vapour form. Vapour from the water is mixed with air so the total enthalpy of air remains constant. This 

conversion of sensible heat to latent heat is known as an adiabatic process because it occurs at a constant enthalpy value. 

Evaporative cooling therefore causes a drop in the temperature of supply air which is proportional to the sensible heat drop of 

supply air and an increase in humidity of supply air which is proportional to the latent heat gain by water. 

 Direct Evaporative Cooling (DEC) 

In direct evaporative cooling air and moisture get directly contact with each other. Air transfer its heat energy to water molecules 

and water gets evaporated and mix with warm air and hot dry air gets converted into cool moist air. The relative humidity of the 

air increases to 70 to 90 %. The example of direct evaporative cooling system is air cooler used for household purpose. In this 

system the water is circulated to pad or membrane via pumping system and air with high velocity is passed through the pad by 

using fan so that maximum surface area is available and water gets easily evaporated and cooled the air. 

https://en.wikipedia.org/wiki/Sensible_heat
https://en.wikipedia.org/wiki/Adiabatic_process
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Fig. 1:  Direct evaporative cooling principle [13] 

 
Fig. 2:  Direct evaporative cooling on psychrometry chart [13] 

Fig. 1 represents principle of direct evaporative cooling as cross section view of evaporator. Fig. 2 represents the direct 

evaporative cooling process on psychrometry chart. 

Though we get adequate temperature drop and more cooling effect, it has some drawbacks. Evaporative cooling system 

comparatively consumes more water. The cooled air has high moisture content which causes back bone problems and suffocation 

problems for human. 

 Indirect evaporative cooling (IEC) 

Indirect evaporative cooling contains direct evaporative cooling and in addition to it contains heat exchanger for cooling the 

product air. In this system one side of the heat exchanger contains cooled moist air which is cooled by direct evaporation process 

which is mass transfer process. The other side has passage for product or conditioned air which is cooled by moist air. The moist 

air and product air does not come in physical contact with each other. The heat is transferred indirectly. The moist air is released 

in atmosphere or it can be used for other cooling purposes. It is suggested that the moist can efficiently cool the solar cells. As no 

moisture is added to the dry air the specific humidity of air does to change which is more advantageous for hot-humid climates. 

 
Fig. 3:  Indirect evaporative cooling principle [13] 
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Fig. 4:  Indirect evaporative cooling on psychrometry chart [13] 

Fig. 3 represents principle of indirect evaporative cooling as cross section view of plate type heat and mass exchanger. Fig. 4 

represents indirect evaporative cooling process on psychrometry chart. 

Indirect evaporative cooling is most suitable and advantageous for hot humid climates as it is CFC free cooling system. It is 

energy efficient and comparatively less water consuming system. The main advantage over direct evaporative cooling is that 

product air has no moisture added so the limitations of direct evaporative cooling system can be overcome. The main drawback 

of this system is that we can get very less temperature drop compare to other cooling system. 

III. LITERATURE REVIEW 

Zhiyin Duan, et al, [1] presented indirect evaporative cooling: past, present and future potentials. They gave review about 

background, history, current status, research, market prospects and barriers and future scope of indirect evaporative cooling 

system. They suggested that IEC technology has potential to be the best alternative for VCR system and they suggested that the 

future work has been done on Design, standardization, fabrication and commercialization of heat and mass exchanger. They also 

suggest implementing M- cycle in IEC technology so that we can achieve wet bulb effectiveness above 100% and dew point 

effectiveness nearer to 100%. They suggested counter flow heat exchanger is best suited flow configuration. Zhao carried out a 

comparative study on various suitable materials for IEC technology which covers metals, fibers, ceramics, zeolite and carbon. He 

suggested that thermal properties and porosity is less important than shape formation, durability, compatibility and cost. He 

suggested that copper and aluminum are the best suitable materials compare to other. 

M. Shariaty-Niassar, N. Gilani, [2]   presented An Investigation of Indirect Evaporative Coolers, indirect evaporative cooling 

with Respect to Thermal Comfort Criteria. The effects of air stream direction in channels of indirect evaporative cooler system 

performance have been investigated. The dependence of system performance on outdoor air temperature and relative humidity 

has been studied to determine the allowable conditions for proper operation of system, with respect to thermal comfort criteria.  

CFD technique was used to study the performance of IE system. The results show the performance depends on ambient air 

humidity and temperature. A higher performance achieved by using indirect evaporative cooling system with counter flow. 

Chandrakant Wani, et al, [3] presented A Review on Potential of Maisotsenko Cycle in Energy saving Applications Using 

Evaporative Cooling. In Maisotsenko cycle both the direct evaporative cooling and indirect evaporative cooling is couple 

together. A concept of an evaporative cooling utilized with the help of Maisotsenko cycle. In this wet and dry channel are used to 

achieve desired cooling effect. Water stream is passes in to the wet channel in this water gets evaporated and giving cooling 

effect. In this case humidity is added in the air. Wet side absorbed the heat from dry side by evaporating water and cooling the 

dry side with latent heat of vaporizing water in air. The working air on the wet side of plate absorbs the heat. In Maisotsenko 

cycle a product channel and two working air channel are used. One working channel is dry which is cooled by wet air and this 

cooled air entered into wet working channel. So due to this cooled wet air it cools the dry air below its ambient wet bulb 

temperature and so we can achieve wet bulb effectiveness above 100%. 

Leland Gillan [4] presented Maisotsenko cycle for cooling processes. They reviewed that Maisotsenko Cooling cycle 

combines the thermodynamic processes of heat exchange and evaporative cooling in a unique indirect evaporative cooler 

resulting in product temperatures that approach to the dew point temperature (not the wet bulb temperature) of the working gas. 

It is due to the pre cooling of the air before passing it into the heat rejection stream where water is evaporated. . At no time is 

water evaporated into the product airstream. When exhausted, the heat rejection airstream or exhaust air is saturated and has a 

temperature less than the incoming air, but greater than the wet bulb temperature. This new heat and mass exchanger core can be 

designed to cool any fluid, below the wet bulb temperature and approach the dew point temperature of the working air, without a 

compressor or refrigerant. Because of its superior heat flux, this new heat exchanger is also ideally suited for use in a desiccant 

air-conditioning system. Because the air exiting a desiccant wheel (or any liquid or solid desiccant system) can vary in 
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temperature from 90 °C, if a heat recovery wheel is used, to 180 °C, it must be cooled before it can be used in any conditioned 

space. 

X. Cui, K.J. Chua, et al, [5] presented numerical simulation of a novel energy-efficient dew point evaporative air cooler. They 

suggested that the novel air cooler is able to cool the air below ambient wet bulb temperature and approaching to dew point 

temperature. They also presented simulation results of novel air cooler for counter flow configuration which is carried out in 

ANSYS FLUENT. Eulerian-lagrangian approach was adopted in the numerical model. The author also gave the parameters 

range for analysis of counter flow plate type heat exchanger as follows: Product channel height: - 3-20 mm, Working channel 

height :-  1.5mm – s10 mm, Channel length : 300mm – 1000 mm, Inlet air temperature : 25 °C – 35 °C, Inlet air velocity : 0.3m/s 

– 4 m/s, Inlet air humidity ratio – 8-12 g/kg. When concentrate on velocity for simulation at different velocity keeping other 

parameters constant then the results are obtained that as the inlet air velocity increases cooling effectiveness decreases. The 

limiting air velocity should be suggested 1.5 m/s. The results also show that as the length of channel increases the effectiveness 

increases and so the channel length should be greater than 200 times the channel height of working air. They also suggested that 

as the channel height increases the cooling effectiveness decreases. 

Sergey Anisimov, et al, [6] presented Numerical study of the Maisotsenko cycle heat and mass exchanger. For numerical 

model they used Ɛ-NTU method. It is reviewed that wet bulb effectiveness of the mentioned unit is between 94% to 120%. 

Maximum dew point effectiveness that can be achieved was 88%. Maximum temperature difference that can be obtained was 20 

°C and for secondary air stream, maximum humidity ratio difference was 10 g/kg. They also reviewed that the changes of plate 

and fin material heat conductivity have a very little impact on effectiveness of heat exchanger. Simulations were carried out for 

heat conductivity between 0.1 to 100 W/m.K and found that heat flux has been changed by only 0.5%. The another study was 

carried out on inlet temperature keeping other parameters constant and found that as the inlet temperature increases (25 °C to 45 

°C) the heat transfer effectiveness increases. Simulations results were also shown that as the channel height increases (2.5mm-

20mm) the effectiveness gradually decreases. The analysis was also carried out for type of surfaces and results were shown that 

for cooling performances flat channel is more effective than square and triangle channel. For small channel height construction 

of flat surface heat exchanger is easier and economical compare to triangle and square surfaces. 

Changhong Zhan, et al, [7] presented numerical study of M-cycle cross flow heat exchanger for indirect evaporative cooling. 

The numerical model was developed based on finite element method and solved using engineering equation solver. This model 

was developed to find most favourable operating conditions including air velocity, inlet air temperature, humidity, ratio of 

working air to product air and optimised exchanger configuration. They suggested that as channel gap increases effectiveness 

decreases but COP increases which conclude that channel gap should not be more than 4 mm. The Optimum length should be 

suggested between 0.4 m to 1.2 m. For specific conditions, the optimum ratio for flow rate of working air to product air should 

be 1:1. 

Emmanuel D. Rogdakis, et al, [8] presented An Energy Evaluation of a Maisotsenko Evaporative Cooler Based on Cylinder 

Geometry. In this paper an alternative geometry of a Maisotsenko cycle (M-cycle) is developed and evaluated. M-cycle based 

systems are generally constructed by using a plate type heat and mass exchanger. The simulation results have shown that such 

cylindrical geometries are of lower water consumption than of standard plate geometry. But cylindrical geometry required more 

space compare to standard geometry. The product air temperature is a little higher than of standard geometry (1.0 °C- 1.5 °C), 

but the low water consumption renders the developed cylinder geometry an attractive alternative solution for building air-

conditioning. 

B.Riangvilaikul, et al, [9] presented Numerical study of a novel dew point evaporative cooling system. This paper represents 

theoretical performance of a novel dew point evaporative cooling system operating under various inlet conditions of air and 

influence of major operating parameters. Theoretical finite difference model of a dew point evaporative cooling system has been 

developed based on heat and mass transfer processes. Based on the analysis of influential parameters on the system performance, 

the system should be designed and operated at: intake air velocity below 2.5 m/s, channel gap less than 5mm, channel length 

larger than 1m and ratio of working air to intake around 35–60%, to obtain the wet bulb effectiveness greater than 100% for all 

typical inlet air conditions. 

Ala Hasan[10] presented Going below the wet-bulb temperature by indirect evaporative cooling: Analysis using a modified e-

NTU method. The cooler was tested at inlet conditions: air temperature of 34.2 °C, wet bulb temperature of 15 °C and m/M = 

0.95. . The dimensions of cooler are: Lp=Lw= 0.5 m, Z = 0.5 m, Hp= 3.5 mm, Hw = 3.5 mm and d = 1.5 mm. The Inlet ambient 

air is assumed at a dry bulb temperature of 30°C and a humidity ratio of 0.009 kg water/kg dry air. A cooler in a practical size 

can be constructed by packing much number of cells together. Assume a cooler that is composed of 100 cells similar to the one 

under consideration in this example, the total cooler height and width will be 1.0 m and 0.5 m, respectively, and it will supply 

product air at a total flow rate of 130 m3/h. For a house with a floor area of 100 m2, this flow rate of ventilation air equals 0.5 

ACH (Air Change per Hour). 

X. Cui, et al, [11] presented studying the performance of an improved due point evaporative design for cooling application. A 

computational model for cooler has been developed. They studied the cooler performance due to the effects of varying channels 

dimension, room return air as a working fluid, installing of physical ribs along the channel length. They used M- cycle for 

analysis and suggested that M- cycle is best alternative to overcome limitations of direct and indirect evaporative cooling system. 

The results showed that wet bulb effectiveness ranged from 122% to 132% and dew point effectiveness 31% to 93%.They 

focused on the following two objectives: (a) Developing a dew point evaporative cooling design which is completely separates 

working air from the product air. (b)  Evaluating the cooler performance when the room returns air is as the working air. 
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Ahmad, et al, [12] 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 the 

environmental conditions of 43.9 °C of dry-bulb temperature and 19.9% of relative humidity. The experimental results show that 

the intake air energy efficiency ratio of cooler varies from 7.1 to 55 depending on the test conditions. The power consumption of 

indirect evaporative cooler was found to vary from 68 to 746 watts. . The results indicated that intake air energy efficiency ratio 

was directly proportional to wet-bulb depression. In order to improve the existing system, some recommendations they are 

considered in future work: The existing system requires initial soaping of heat exchanger unit could be avoided by using 

different and suitable heat exchanger material. 

Table – 1 

Literature summary 
Parameters Sergey Anisimov, et al. X. Cui, et al. Changhong Zhan, et al. Ala Hasan 

Type of analysis 
Modified Ɛ- NTU 

simulation 

Numerical model based 

on Eulerian – lagragian 

approach 

Numerical model based 

On Finite element 

method 

Modified Ɛ- NTU 

simulation 

Flow arrangement Cross flow Counter flow Cross flow Counter flow 

Inlet dry bulb 

temperature 
25 °C to 45 °C 25 °C to 35 °C 25 °C to 40 °C 30 °C to 35 °C 

Temperature difference 15 °C 13 °C - 13 °C 

Wet bulb effectiveness >100 % 122% to 132% 40% to 105% 93% to 120% 

Dew point effectiveness Approach to 100 % 80% to 89% - 78% to 89% 

Dry channel height (Hp) 2.5 mm to 20 mm 3 mm to 20 mm 4 mm 3.5 mm 

Wet channel height (Hw) 0.5 Hp 0.5 Hp Hp Hp 

Channel length 0.25 m  to 1 m 0.3m to 1.5m 0.4m to 1.2m 0.5 m 

Inlet air velocity 1.8 m/s to 7 m/s 0.3 m/s to 4 m/s Less than 1.77 m/s 0.7m/s 

IV. CONCLUSION 

From all the literature reviews we found that the indirect evaporative cooling system has various advantages compare to 

conventional cooling systems. We studied the literature reviews related to simulations, mathematical models and experimental 

models of simple IEC system and Maisotsenko cycle based cooling system. We found that the best suitable and economical flow 

configuration is counter flow configuration. We also found best suitable material is aluminium as it is light in weight, corrosive 

resistance, and good thermal conductivity. We also find range of values of dimensions and parameters for heat and mass 

exchangers for which the output we get is satisfactory, which are mention below: 

Table – 2 

Design dimension range 
Dimension Value of dimension 

Product channel height (Hp) 3 mm< Hp < 10 mm 

Working channel height (Hw) 2 mm< Hw <07 mm 

Product channel length (Lp) 800mm < Lp < 1200 mm 

Working channel length (Lw) 800mm < Lw < 1200 mm 

Table – 3 

Design parameters range 
Parameters Value of parameters 

Inlet air velocity (Vin) 0.4m/s < Vin <1.5 m/s 

Inlet air temperature (Tin) 25 °C < Tin < 40 °C 

Inlet air humidity ratio (Xin) 8 g/kg < Xin < 12 g/kg 
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