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ABSTRACT 

The immediate effect of global warming has caused a temperature rise all across globe causing discomfort. Air conditioning is 

extensively used to provide thermal comfort, however it has increased energy demands at elevated rate. This paper proposes 

energy efficient air conditioning using advanced evaporative cooling. Firstly the feasibility of this technique is checked for 

locations under interest. For this purpose one of the rapidly developing district in Maharashtra, Solapur is taken into 

consideration. It is found that for the month of February to May,  it  has potential to replace air conditioning with  has 

maximum prospective. The temperature achieved is in the range of 22°C to 25°C which are in thermal comfort limits with 

desirable humidity range of 40% to 60%. It is concluded that 12 mw-Hr energy can be saved using this techniques in summer 

conditions. 

---------------------------------------------------------------------------------------------------------------------------------------------- 

1. Introduction 

 

Solapur is one of the fastest developing districts in India in respect of industrialization, urbanization since last two 

decades. The energy demand of state is increased from 15000 MW to 24000 MW in last decades. The increased use of power 

demands installation of power plants. One form of alternative is available in the form of evaporative cooling. This technique is 

known to mankind since 1000 years. However recent developments in evaporative cooling techniques has opened the 

opportunities to use this techniques  as it is capable to provide same comfort conditions that are achieved by mechanical 

refrigeration system. Evaporative cooling is simple technique of lowering the temperature of air. It is based on principle that when 

water evaporates in air, the heat required for its evaporation is supplied by air thereby reducing its temperature.  

Direct evaporative cooling 

 With direct evaporative cooling, outside air is blown through a water-saturated medium (usually cellulose) and cooled by 

evaporation. The cooled air is circulated by a blower. 

             Direct evaporative cooling adds moisture to the air stream until the air stream is close to saturation. The dry bulb 

temperature is reduced, while the wet bulb temperature stays the same.  

 

 

 

 

Figure1 Direct evaporative cooling 

 

With indirect evaporative cooling, a secondary (scavenger) air stream is cooled by water. The cooled secondary air 

stream goes through a heat exchanger, where it cools the primary air stream. The cooled primary air stream is circulated by a 

blower. Indirect evaporative cooling does not add moisture to the primary air stream. Both the dry bulb and wet bulb temperatures 

are reduced. 
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Figure 2: Indirect evaporative cooling 

 

Indirect /Direct Evaporative cooling    

  With indirect/direct evaporative cooling, the primary air stream is cooled first with indirect evaporative cooling and then 

cooled further with direct evaporative cooling. 

 

Figure3 Indirect/Direct evaporative cooling 

 

The performance parameter s to evaluate the efficiency of evaporative cooling are  

1) Feasibility Index : Feasibility Index (FI), defined as  

     FI = WBT – ΔT 

Where ΔT = (DBT – WBT) is the wet bulb depression. DBT and WBT are, respectively the dry bulb temperature and the 

wet bulb temperature of the outside air. It is recommend that FI under or equal to 10 indicates a comfort cooling, indices between 

11 and 16 ,indicate lenitive cooling (relief) and indices above 16 directs unsuitability of this technology. 

2) Effectiveness is defined by:  

∈=
tdb ,1 − tdb ,2
tdb ,1 − tdp ,1

 

Normally the effectiveness of such cooler is found in the range of 75% to 80 % providing air outlet temperature in the 

range of 15° C to 22° C. Thus a direct sensible drop of 20° C to 25° C is possible with new system. 

J. R. Camargoa has studied three methods of evaporative cooling in several Brazilian cities. He determined where, how 

and what is the operational efficiency of evaporative systems using three methods.[1] 

Azhar Kareem Mohammed has studied the experimental performance of two-stage evaporative cooling system He found 

that IEC effectiveness varies between 55 and 65 % and IEC/DEC effectiveness over a range of 90-110%.. [2] 

X.Cui investigated theoretically performance of a novel dew point evaporative cooler in his paper. He developed 

computational model for the cooler. He operated cooler under variant inlet air temperature and humidity condition, simulated 

result showed that the wet bulb effectiveness ranged from 122% to 132% while dew point effectiveness spanned 81% to 93%.[3] 

Moin Farmahini-Farahani in his paper studied a multi step system of nocturnal cooling and two stage evaporative 

cooling. This investigation is done for four cities with different climatic conditions. Result shows that system can reduce hot air 

temperature 24.2°C in Tabas, 20.1°C Ahvaz, 20.6°C in Kerman, and 20.2°C in Tehran, also system can be used in cities of Ahvaz 

& tabas in which even two stage evaporative cooling cannot be used [4] 

 

Results and Discussion 
The feasibility Index is calculated for Solapur climate under consideration to exactly judge scope and potential of one of 

the method of evaporative cooling. 
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Table1 Feasibility Index for Solapur 

Temperature achieved in summer 

 

Month Solapur 

January 10 

Fenruary 9 

March 8 

April 7 

May 7 

June 10 

July 13 

August 17 

Septmber 15 

Ocotber 13 

November 16 

December 19 

 
                                Graph1: Temperature Achieved in Solapur using Direct evaporative cooling 

                                                

                                                                                                                                 
                                            Graph 2: Temperature Achieved in Solapur using Indirect evaporative cooling 

 

 

Conclusion : 

 
Solapur district climate is hot and dry during most of the months in a year. The increased industrialization and 

urbanization in Solapur city has given development of tall buildings for commercial purpose. Air conditioners are extensively 

used to maintain comfort condition inside conditioned spaces. This leads to high power consumption of the city which resulted 

load shedding in villages of district. The various evaporative cooling techniques are used and feasibility is checked. The result 

showed that air conditions are necessary only for four months namely August, September, November and December while 

comfort conditions can be successfully maintained in remaining eight months. The temperature obtained is in range of 15°C to 

24°C and relative humidity lies in range of 40 % to 60%.  The direct method is highly efficient in summer conditions providing 

effectiveness of 0.75 to 0.92 in day period while indirect method can be used when relative humidity of air exceed 60% with 

effectiveness of 0.45 to 0.62. The  annual saving of energy consumption for 5000 TR air conditioning capacity is found to be 

reduced by 75% and comes to 11.42 MWhr avoiding black out in all villages during daytime and providing thermal comfort to 

villages. The carbon credit saved for the district is substantial. Moreover use of solar operated photovoltaic electricity generation 

can provide grid free operation of cooling devices reducing global warming and providing thermal comfort to all citizens from 

every cluster of society. The availability of electricity during day period helps in watering and cultivating farms in better fashion. 

The outdoor climate is protected from heat rejection by condensers of air conditions of central and unitary type. Also indoor air 

quality is found of higher order with minimum PM 2.5 presences in conditioned space. 

  

15

25

35

45

9 10 11 12 1 2 3 4

Te
m

p
e

ra
tu

re

DBT

WBT

TEMP

15
25
35
45
55

9
A
M 1
0

1
1

1
2

1
P
M 2 3 4TE

M
P

ER
A

TU
R

E

TIME

DBT

WBT

TEMP

http://www.ijritcc.org/


International Conference on Ideas, Impact and Innovation in Mechanical Engineering (ICIIIME 2017)                          ISSN: 2321-8169 

Volume: 5 Issue: 6                                                     650 –653 

_______________________________________________________________________________________________ 

653 
IJRITCC | June 2017, Available @ http://www.ijritcc.org (Special Issue) 
_______________________________________________________________________________________ 

REFERENCES: 

 
(1) J. R. Camargoa, C. D. Ebinumaand S. cardosoa: Three methods to evaluate the use of evaporative cooling for human thermal 

comfort. Thermal Engg, Vol.5, No.02, December 2006, Page 9-15.  

(2) Egbal Mohammed Ahmed  Osama Abaas a, Mohammed Ahmed a,Mohd Rodzi Ismail, Performance evaluation of three 

different types of local evaporative cooling pads in greenhouses in Sudan. audi Journal of Biological Sciences (2011) 18,45–

51 

(3) Azhar KareemMohammad,Introduction of a simple diagram-based method for analyzing evaporative cooling , Applied 

Thermal Engineering, Volume 27, 

(4) Watt, J.R., 1963, “Evaporative air conditioning”, The Industrial Press, New York. Watt, J. R., Brown, W. K., 1997. 

(5)  X. Cui, K.J. Chua, W.M. Yang, K.C. Ng, K. Thu, Studying the performance of an improved dew-point evaporative design 

for cooling applicationApplied Thermal Engineering, Volume 63, Issue 2, 22 February 2014, Pages 624-633 

 

http://www.ijritcc.org/
http://www.sciencedirect.com/science/article/pii/S1359431106004297
http://www.sciencedirect.com/science/article/pii/S1359431113008740
http://www.sciencedirect.com/science/article/pii/S1359431113008740

