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Abstract— The experimental study was carried out to study 

effect on cooling by using different arrangements to cool 

and humidify the air. The different arrangements which 

were used in the study are the arrangement of only nozzle, 

only cooling pads and both nozzle & cooling pads. The 

temperature of outside air before conditioning and indoor air 

after conditioning was measured. In the nozzle arrangement, 

the air was made to flow through the atomized water 

droplets generated from the nozzle. Sensors were used to 

measure relative humidity & temperature. The honey comb 

pads were used to resist the water droplets coming out with 

the cooled air. DC pump was used to flow the water at high 

pressure which is necessary to produce atomized water 

droplets from the nozzle. The results obtained for the 

combined arrangement of nozzle & cooling pad was better 

as compared to the other two arrangement. 
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I. INTRODUCTION 

Evaporative cooling is the process by which the temperature 

of a substance is reduced due to the cooling effect from the 

evaporation of water. The conversion of sensible heat to 

latent heat causes a decrease in the ambient temperature as 

water is evaporated providing useful cooling. Effective 

cooling can be accomplished by simply wetting a surface 

and allowing the water to evaporative. 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. When considering water evaporating into air, the 

wet-bulb temperature, as compared to the air’s dry-bulb 

temperature, is a measure of the potential for evaporative 

cooling. The greater the difference between the two 

temperatures, greater the evaporative cooling effect. 

Evaporative coolers provide cool air by forcing hot dry air 

over a wetted pad. The water in the pad evaporates, 

removing heat from the air while adding moisture. When 

water evaporates it draws energy from its surroundings 

which produce a considerable cooling effect. In the extreme 

case of air that is totally saturated with water, no 

evaporation can take place and no cooling occurs. 

 Generally, an evaporative cooling structure is made 

of a porous material that is fed with water. Hot dry air is 

drawn over the material. The water evaporates into the air 

raising its humidity and at the same time reducing the 

temperature of the air .The fundamental governing process 

of evaporative cooling is heat and mass transfer due to the 

evaporation of water. This process is based on the 

conversion of sensible heat into latent heat. Sensible heat is 

heat associated with a change in temperature. While changes 

in sensible heat affect temperature, it does not change the 

physical state of water. Conversely, latent heat transfer only 

changes the physical state of a substance by evaporation or 

condensation. As water evaporates, it changes from liquid to 

vapour. This change of phase requires latent heat to be 

absorbed from the surrounding air and the remaining liquid 

water. As a result, the air temperature decreases and the 

relative humidity increases. The maximum cooling that can 

be achieved is a reduction in air temperature to the wet-bulb 

temperature (WBT) at which point the air would be 

completely saturated. 

 This system is the oldest and the simplest type of 

evaporative cooling in which the outdoor air is brought into 

direct contact with water, i.e. cooling the air by converting 

sensible heat to latent heat. Ingenious techniques were used 

by ancient civilizations some of it by using earthenware jar 

water contained, wetted pads/canvas located in the passages 

of the air. 

 
Fig. 1: 

 The most commonly used direct evaporative 

coolers are essentially metal cubes or plastic boxes with 

large flat vertical air filters, called pad, in their walls. 

Consisting of wet table porous material, the pads are kept 

moist by the water dripped continuously onto their upper 

edges. The process air is drawn by motorized fans within the 

coolers. After being cooled and humidified in the channels 

between the pads, the air leaves the cooler as washed air‖ for 

cooling use. Many coolers use two-speed or three-speed 

fans, so the users can modulate the leaving air states as 

needed. Fig. 1 is the schematic diagram of a drip-type DEC. 

Water is sprayed at the top edges of the pads and distributed 

further by gravity and capillarity. The falling water is 

recirculated from the water basin by the water pump. In 

DEC, the process air contacts directly with the sprayed 

water and hence is cooled and humidified simultaneously by 

the evaporation of water. 

II. LITERATURE REVIEWS 

Paolo Liberatti et. al. (2017) [1], in his work, performance 

of an indirect evaporative cooling system has been 

discussed. A phenomenological IEC system model has been 

developed and calibrated with experimental data collected in 

a dedicated test facility. With the model, the IEC system has 

been analyzed and significant results arose   he water 
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sprayed on the heat exchanger strongly increases the system 

cooling capacity even with very low flow rate  in the 

investigated conditions, when   w,in    l h the cooling 

capacity can be twice the one in dry conditions. 

 The fraction of the adsorbed water depends on the 

temperature and humidity condition of the two airflows, this 

value can rise up to feva =0.7 with high supply and exhaust 

flow rate and low water flow rates. Therefore, IEC systems 

can be an effective technology to achieve significant 

primary energy savings in HVAC operating in summer 

condition 

 
Fig. 2: 

 Ibrahim U. Haruna (2014) [2], says theoretical 

performance of direct evaporative cooler at different air 

velocities at a given saturation effectiveness of the cooling 

pad was evaluated for the climate of Kano, Nigeria. Leaving 

air temperature of 21.9oC and relative humidity 82% were 

obtained with pad material of 90% saturation effectiveness 

for ambient condition of 41oC and 19.8% RH. The cooling 

capacity and the water consumption rate are calculated and 

are found to increase with increase in the air mass flow rate. 

Therefore, the DEC can be beneficial in hot and dry climates 

when the cooling pad materials used have high saturation 

effectiveness and moderate air velocity is used. 

 O. Amer (2015)[3],says using water for 

evaporation as a mean of decreasing air temperature is 

considerably the most of ecofriendly cooling system. In this 

paper a review of evaporative cooling technology that could 

be efficiently applicable in building air conditioning was 

carried out. Indirect evaporative coolers showed higher 

values of effectiveness and are more economical in terms of 

energy consumption saving, particularly the breakthrough 

brought about the M-cycle based dew point IEC system. 

However, combined IDEC systems have similar 

performance or even higher but their system’s complexity 

and high initial cost the major limitations. Recent works 

concerning indirect evaporative cooling based on 

Maisotsenko-cycle have shown considerable potential 

towards enhancing the performance and cooling capacity of 

IEC system for building cooling 

III. COMPONENTS OF THE SYSTEM 

The main components of the cooler with spray type 

humidifier are exhaust fan, motor, pump, nozzle, 

honeycomb mesh, pipe, outer body, etc. 

A. Exhaust Fan 

 
Fig. 3.1: Exhaust Fan 

 It is used to sucks air from the atmosphere and deliver it 

to room. 

 Power: 410 watt. 

 Speed: 1400 RPM 

B. Nozzle 

 It creates very fine atomized form of water droplets. 

 Flow rate: 17 lit/hrs. 

 
Fig. 3.2: Nozzle 

C. Water Pump 

 It is used to transfer water from water tank to 

humidifiers at high pressure. 

 Rating: 12V DC 2.2 Amp 

 
Flow Rate: 3.5 LPH 

D. Water Reservoir 

 It is used to store water in large quantity. 

E. High Pressure Pipe Line 

 Use to deliver the high pressure water to the nozzle. 
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Fig. 3.5: High Pressure Pipe 

IV. WORKING OF COOLER WITH SPRAY NOZZLE 

 
Fig. 4: 

 The project work on the principle of evaporating 

cooling which means the process of evaporation of 

water by absorbing the sensible heat of dry air. 

 In this process sensible heat of dry air is absorbed by 

the water and it evaporate, which causes reduction in 

dry bulb temperature and humidification of dry air. 

 When fan starts it suck the dry air from atmosphere 

through suction made by creating the negative pressure 

at side of cooler. 

 The pump starts and supplies the water to the 

humidifier or sprinkler at high pressure from water 

tank. 

 The humidifier or sprinkler sprays the water in fine 

atomised form in the dry air coming from atmosphere, 

which causes evaporative cooling. It means cooling and 

humidification of dry air by reducing its dry bulb 

temperature and increasing humidity. 

 The section in which the process occurs is known as 

humidifier zone. This cooled air comes out through the 

duct. 

 As whole droplets of water does not evaporates it will 

come out with cooled air therefore, for removing it, 

honey comb mesh is used which is placed before fan. 

 It also use for providing time for evaporation by 

holding the water droplets for cooling more amount of 

air. Remaining water drop in tank through the honey 

comb mesh and it is again used. 

V. PROCEDURE 

The experiment was carried out with three arrangement viz. 

with only nozzle, with cooling pads and with both nozzle & 

cooling pads. The experiment was carried out on 4
th

 April 

2018. 

 

 The observation tables were made for the 

arrangement of only nozzle, only cooling pads and 

combination of nozzle & cooling pads at various time 

intervals like at 1pm, 2pm, 3pm and 4pm. 

A. Observation Table 

 DBT of inside condition obtained in various 

arrangement 

Time 

DBT in 

Nozzle 

arrangement 

DBT in Cooling 

Pad arrangement 

DBT in 

Combined 

arrangement 

1 pm 24.5 27 22.8 

2 pm 25 28 23.2 

3pm 24 26.5 22.5 

4pm 24.3 26.3 22.3 

Table 5.1: Time Vs Temperature 

 Humidity of inside condition obtained for various 

arrangement 

Time 

Humidity in 

Nozzle 

arrangement 

Humidity in 

Cooling Pad 

arrangement 

Humidity in 

Combined 

arrangement 

1pm 71 50 78 

2pm 62 53 75 

3pm 69 58 77 

4pm 65 62 85 

Table 5.2: Time Vs Humidity 

 

 
Fig. 5.2: Time Vs Humidity 

VI. CONCLUSION 

The cooling obtained in combined arrangement is more as 

compared to the other two arrangements i.e. nozzle & 

cooling pad. But simultaneously humidity level is very high. 

For the nozzle arrangement temperature is slightly more 

than the combined arrangement but the humidity is under 

comfort condition. The nozzle arrangement can be used to 

modify the commercial coolers. 
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VII. FUTURE SCOPE 

The future scope can be seen as to control the flow rate 

through the nozzle to maintain humidity inside the room 

according to the human comfort. 
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