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Abstract— Evaporative cooling is the most eco-friendly and 

energy efficient technology for cooling. In this two stage 

evaporative cooler setup we have combined the direct and 

indirect evaporative cooling. Atmospheric (primary) air is 

drawn and passes through the wet evaporative aspen pads 

and is cooled to secondary air in the required copper tube 

heat exchanger channel. These above mention concepts are 

taken into consideration for easiness and energy efficiency 

taken with zero pollution and to avoid legionella disease 

from direct evaporative cooling. The cold storage box is also 

accompanied to store the perishable food and vegetables. 

The papers introduce basic design principles and the test 

analysis performed in the laboratory. The results of   this test 

were found encouraging especially the performance analysis 

of two stage evaporative cooler is found comparatively more 

than the direct evaporative cooler.            
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I. INTRODUCTION 

Evaporative cooling technology is mainly depends on the 

two criteria i.e. decrease in humidity and increase in 

temperature of surrounding. Therefore, the evaporative 

cooling technology in the hot and dry tropical regions can be 

used for saving large amount of the energy with air cooling. 

There are two main evaporative cooling systems where in 

the direct evaporative cooling system uses a cellulose media 

with the water contact surface where air is passed through it 

at a uniform rate. But, in this process increases of humidity 

which is not also desirable. Whereas in the direct 

evaporative cooling system the primary air is cooled by the 

passive cooling without making the direct contact with the 

water media. Where in such a case the temperature is 

maintained lower by the contact with the heat exchanger 

surface or channels separated by the flow of water and air. 

In this air is sensibly cooled without affecting the humidity. 

In both the system air is maintained to lower temperature is 

the wet bulb temperature (WBT). To avoid the various 

effects of direct evaporative cooler and by considering the 

low efficiency of indirect evaporative cooler the combined 

system of both this system is called indirect direct two stage 

evaporative cooler, for improved performance of a whole 

equipment. 

Objectives of Two stage evaporative cooler: 

1) Temperature maintained up to 23°C to 25°C when 

the outside temperature has 40°C in the 

surrounding. 

2) Storage space for perishable foods. 

3) It is expected that relative humidity up to 60% to 

70% for human comfort level. 

4) It is expected that it will supply chilled water for 

drinking purpose if further arrangement of water 

purifier is extended. 

II. LITERATURE REVIEW 

El­Dessouky performed work on combination of DEC and 

IEC, a small evaporative cooler of structured packing 

material of high­density polythene with wetted surface area 

of 432 m2/m3 and come to conclusion that efficiency is less 

than direct evaporative cooler but a combination of both 

may decrease the temperature of incoming air below its wet 

bulb temperature. 

The two stage evaporative cooler also developed by 

Jain to improve efficiency by using wooden shave as the 

evaporative material and returned air was successfully 

cooled used in heat exchanger channel with dry air and 

effectiveness varied from 110% to 120% and attained 

favourable temperature and relative humidity conditions for 

storing of tomatoes less than 14 days. 

Heidarinejad G calculated performance of two 

stage evaporative cooler in various regions of Iran in which 

he used plastic wet surface heat exchanger channel of 

18cmthickcellulose evaporative pad in the direct evaporative 

cooling and found effectiveness of indirect evaporative 

cooler unit varied from56-60% and of two stage unit varied 

from 107­110 % and he come to conclusion that there is 

more water consumption than direct evaporative cooler and 

power demand of mechanical cooling systems. 

Sr.N. Researcher Objective Outputs 

1. 
El­Dessouky 

( 2004) 

Efficiency, 

DBT 

Efficiency is less 

than direct 

evaporative cooler 

2. Jain (2007) 
Efficiency, 

effectiveness 

Effectiveness 

var iedfrom110%to 

120% 

3. 

Heidarinejad 

G  (2009) 

 

Performance, 

effectiveness 

Effectiveness of 

IEC unit varied 

from56-60% and of 

two stage unit 

varied from 

107­110%. 

Table 2.1: Study on effect of various parameters of 

DEC/IEC or two stage cooling unit 

III. TEST SETUP AND DESIGN 

Following is the experimental setup constructed  
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Fig. 3.1: Testing setup of two stage evaporative cooler 

 
Fig. 3.2: Proposed design of evaporative cooler 

The equipment is basically constructed in the principle of 

both indirect evaporating system and direct evaporating 

system process. Above figure shows the fabrication of two 

stage evaporative cooler. In two stage the primary air means 

outside air at atmospheric temperature condition first come 

to the contact with evaporative pads which is direct 

evaporative and after that this air comes in contact with 

indirect evaporative copper tube. 

IV. WORKING 

 
   Fig. 4.1: working principle of two stage cooler 

The two stage evaporative cooler also works like a single 

stage evaporative cooler. In two stage the primary air means 

outside air at atmospheric temperature condition first come 

to the contact with evaporative pads which is direct 

evaporative and after that this air comes in contact with 

indirect evaporative copper tube. Before comes to the 

copper tube the outside air loses some heat in cooled direct 

evaporative pad due to which that air gets cooled and after 

passing from copper tube that air also gets cooled and 

finally then passes to the exhaust of the fan. There is also 

arrangement of copper tube in the front of fan. The water 

will circulate to the inside of copper tube. The air impinges 

on copper tube gets more cooled. This is only arrangement 

of two stage evaporative cooler, we have also another 

features in this cooler as cold storage box and cooling water 

for drinking. As we start the cooler and pump the water will 

first goes to the upper tank, the upper tank has joined the 

pipe1 and pipe2. From pipe1 the water will circulate to the 

front side of cooler through copper tube and from pipe2 the 

water will circulate to the earthen pot and inside of that 

earthen pot there is one more earthen pot is present. Due to 

circulation of water outside of that earthen pot, the inside 

earthen pot water will gets cooled which will then passed to 

the purifier and we get cooling water for drinking purposes. 

The water present in outside earthen pot then goes to the 

lower tank of the cooler through pipe that water has cooled 

due to evaporation and we get cooled water in lower tank of 

the cooler. 

V. PERFORMANCE AND TESTING  

We tested the setup and get the reading as following: 

 
Table 5.1: Temperature Varies With Time in DEC, IEC and 

Two Stage Cooler 
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Time in Minutes 

Fig. 5.1: Graph showing temperature between DEC, IEC 

and Two stage evaporative cooler 

 
Table 5.2: Temperature Varies With Time In Conventional 

And Modified Earthen Pot. 

 
Time in minutes 

Fig. 5.2: Graph showing temperature between conventional 

pot and modified pot 

VI. COST ESTIMATION 

 
Table 6.1: Shows the cost estimation of two stage 

evaporative cooler 

Total cost=Rs.2580/- 

VII. CONCLUSION 

Evaporative two stage air cooler cum cold storage is formed 

to be better solution against costly AC’s, yet performance 

better than conventional desert cooler. After number of 

experiment we conclude that the two stage evaporative 

cooler cum cold storage were providing overall good 

performance. During hot summer days, the additional 

advantage of cold storage and cold drinking water makes it 

versatile for use and cost effectiveness. 
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