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ABSTRACT 

Evaporative cooling can play an important role in conserving energy in space 

conditioning in many parts of India. The comfort level attained by employing direct 

evaporative cooling (DEC) is a strong function of the ambient conditions. In the 

present work, room conditions for different building applications in four cities (Indore 

and Delhi in composite climatic zone, Akola in hot and dry, and Bangalore in 

moderate climatic zone) have been obtained by simulation, to investigate the 

possibilities of using DEC for space conditioning in commercial buildings. Ventilated 

(non air-conditioned) buildings as well as air-conditioned buildings have been 

analyzed. While the occupancy, air change rate (for ventilated buildings), fresh air 

requirement (for air-conditioned buildings) etc. have been selected as per the National 

Building Code (NBC) of India, the wall U-factor, percentage glazed area (windows), 

equipment load have been selected according to the Energy Conservation Building 

Code (ECBC) of India.  

The second chapter deals with ventilated buildings in all the four cities. Three 

building applications (low density office, retail shop and class room) are simulated to 

study the room conditions attained by mechanical ventilation. These room conditions 

have been studied based on Thermal Sensation Scale (S) and accordingly the hours of 

discomfort as well as average degree of discomfort (deviation from the comfort limit) 

have been estimated. Mechanical ventilation provides thermal comfort (S < 4) in very 

few months. On the other hand, there are some months in Delhi, Indore and Akola 

when room thermal comfort is not attained but the room conditions may be 

considered acceptable (4 < S < 4.5). In Bangalore acceptable conditions are achieved 

in all the months in the office and the retail shop, but not achieved in the class room in 
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the months of April and May. By incorporating direct evaporative cooling in the 

ventilated air the conditions improve considerably for all the cities. For example in the 

month of May, in the office building, the hours of discomfort (with S < 4.5) reduces 

from 375 to zero for Indore, from 460 to 88 for Delhi, from 648 to 7 for Akola and 

from 60 to zero for Bangalore. Similarly, in the cases of retail shop and class room, 

discomfort is considerably reduced by the use of evaporative cooling. 

Air-conditioned commercial buildings often make use of conventional AC units to 

attain a room set point temperature. In such buildings, use of direct evaporative 

cooling is generally not practiced by building owners/architects since during humid 

months room humidity increases above the acceptable limit. In present work, a 

relative humidity sensor to monitor and control room relative humidity is envisaged. 

Although lowering of humidity is not possible in case of DEC, some control on 

humidity is desirable: absolute humidity level can be limited by part of the supply air 

by-passing the cooler using a by-pass damper. As a result the room temperature may 

increase and require increase in air change rate. 

In the third chapter, the effect of restricting room relative humidity to 70% on the 

room temperature for the four building applications (namely high and low density 

offices, movie theatre, and waiting hall) is studied. The resulting room conditions are 

studied in terms of Tropical Summer Index (TSI) with recommended range of relative 

humidity in between 30% to 70%. The preferred set point in the present study is taken 

as 26 TSI. During the study it is noted that, for high density office, in Indore set point 

of 26 TSI (corresponding value of S = 3.5) is achieved in six months (i.e., February, 

March, April, May, October and November). Similarly, in Delhi, Akola and 

Bangalore it is achieved in two, four and eleven months respectively. However, in rest 
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of the months the room TSI within 28 (S = 4) is achieved. In case of Delhi, even 28 

TSI is not achieved in the months of June, July and August. If such a compromise 

(i.e., room conditions such that 26 < TSI < 28, during few hours in a year) is 

acceptable to the building owner (or to their clientele) then there exists an option of 

use of DEC in place of conventional AC system in commercial buildings. 

Some building owners may not accept any deviation from the room set point of 26 

TSI. For such buildings the possibility of using a hybrid system (consisting of DEC 

unit and conventional AC unit) is presented in Chapter 4. During dry summer months 

a DEC can provide the room conditions well within the set point of 26 TSI. The 

cooling system can switch to vapour compression cooling when the room set point is 

not attained using DEC. From the results of the study it is noted that there is a scope 

of considerable saving of energy in all the four cities for all the building applications. 

For example, in case of high density office the annual energy saving for cities of 

Indore, Delhi, Akola and Bangalore are estimated at 90, 38, 112 and 122 kWh per m
2 

of the floor area respectively.   

A hybrid cooling system may ensure comfort at all times, with reduced energy 

consumption, but the capital investment and also maintenance cost are increased due 

to the requirement of both the units: vapour compression air-conditioner as well as 

DEC. In Chapter 5, a financial analysis has been presented to study the economic 

viability of such a system. The sensitivity of the results is also presented with some of 

the important input parameters. It is found that the hybrid system is financially 

attractive in Indore and Akola for all building types except in low density office. 

There is energy saving in Delhi but for high density and low density offices a hybrid 
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system is not financially viable. In Bangalore, the hybrid system is financially 

attractive for all four building applications. 

Based on the detailed analysis carried out for cities of Indore, Delhi, Akola and 

Bangalore in Chapter 3, it is noted that cities in the same climatic zone may have 

large variation in room conditions. A simple procedure that facilitates a pre-

assessment of the possibility of using DEC in a city with given ambient data is 

presented in Chapter 6. This method may be useful for architects, engineers, building 

owners during the preliminary design stage. 

Chapter 7 summarizes important findings of the present work.  
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