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ABSTRACT 

Manufacturers have come out with different shaped evaporative coolers. The performance of these coolers in 

terms of efficiency and cooling capacity needs to be analyzed. Therefore a theoretical study of performance of 

evaporative cooler with different cooling pad shapes and materials is made. Rectangular, cylindrical and 

hexagonal shaped pads of rigid cellulose, corrugated paper, high density polythene packing and aspen fiber 

material are considered. Geometrical parameters of pad shape like area, volume are calculated for air 

velocities between 0.75 to 2.25 m/s. Based on weather data of Bhopal, India, inlet condition of 39.9 0C dry bulb 

temperature and relative humidity of 32.8 % is selected for the analysis. Saturation efficiency, dry bulb 

temperature of outlet air and cooling capacity are estimated. Saturation efficiency decreases with increase in 

mass flow rate of air having highest value of 91 % for hexagonal shaped pad with aspen material. It is followed 

by cylindrical (90%) and rectangular (89 %) pads. The cooling capacity increases with air mass flow rate 

having minimum value of 35826 kJ/h for rectangular pad with cellulose material for air mass flow rate of 0.3 

kg/s.    

KEYWORDS: Evaporative Cooler, Saturation Efficiency, Wetted Pads, Shape, Materials 

I. INTRODUCTION 

Evaporative cooling, also known as adiabatic saturation of air is a thermodynamic process. When a 

hot and humid air passes over a wet surface, the water evaporates and air looses its sensible heat and 

gains equal amount of latent heat of water vapor thereby reducing its temperature. More the amount of 

evaporation, greater is the cooling effect. Thus the system is more efficient in hot and dry climates i.e. 

when it is most needed.  

The most common evaporative cooling system uses a wetted pad through which air passed at uniform 

rate to make it saturated. Pads can be wetted by dripping water on upper side with the help of a re 

circulating pump. Such a system is called direct evaporative cooling (DEC).  If the incoming air is 

having low humidity, then large quantity of water can be evaporated and large reduction in 

temperature can be obtained. 

However evaporative coolers do not control the temperature and humidity accurately and their cooling 

capacity depends on outside air condition. Also there is increase in humidity of air during the process. 

Different researchers have made the efforts to improve the performance of these systems by changes 

in design, process and materials.  

1.1 Literature 

Datekin et al. [1] conducted the tests on cellulose based cooling pads to study the effect of air velocity 

on the temperature of air and cooling efficiency. Their results reported that there is no mathematical 
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relation between air velocity, decrease in temperature of air and cooling efficiency. They 

recommended the air velocity of 0.5 to 1.5 m/s through the pad.  

Franco et al. [2] tested cellulose evaporative cooling pads in wind tunnel to study various parameters 

as a function of air speed. They studied water flow, air flow, water consumption and pressure drop 

caused by each pad. They obtained saturation efficiency of 64 to 70 % and recommended the air speed 

of 1 to 1.5 m/s. 

 Kulkarni and Rajput [3] theoretically analyzed the performance of indirect-direct two stage cooler 

with cellulose and aspen media in direct stage. They selected   the most frequently occurring inlet 

condition of 39.9 0C DBT and 32.8 % RH for the analysis. The saturation efficiency ranged from 

121.5 to 106.7 % for two stage cooler.  

Jain [4] developed and tested a two stage evaporative cooler with wooden shave as packing material. 

The effectiveness ranged from 1.1 to 1.2 and could achieve favorable temperature and relative 

humidity for storage of tomatoes for 14 days.  

Beshkani and Hosseini [5] studied important parameters affecting the saturating efficiency with 

durable corrugated paper as wet media and modeled them. This media provided a wetted surface of 

400 m2/m3.  

Camargo et al. [6] developed a mathematical model of direct evaporative cooler and presented 

experimental results of the tests with rigid cellulose media having area density of 370 m2/m3. The 

saturation effectiveness relation was derived in terms of heat transfer coefficient, mass flow rate of 

air, wetted surface area of pad and humid specific heat. They concluded that the effectiveness is more 

at higher dry bulb temperature and lower air speeds.  

El-Dessouky et al. [7] have evaluated performance of evaporative cooling units in Kuwait 

environment. They carried out study on small scale evaporative cooling unit using structured packing 

material of high density polythene having 420 m2/m3 of wetted surface area. They concluded that 

efficiency of IEC unit is less than DEC but a combination can reduce the temperature of incoming air 

below its WBT.  

Dowdy and Karbash [8] tested rigid impregnated cellulose media experimentally to determine heat 

and mass transfer coefficients for evaporative cooling process.  Dowdy et al. [9] tested aspen media 

experimentally to determine heat and mass transfer coefficients for evaporative cooling process.  

In majority of the researches the pad shape has been considered as rectangular with air flowing 

horizontally across it. The manufacturers have come out different shaped coolers with varying volume 

flow rates of air. The detailed theoretical analysis of different pad shapes is not available in the 

literature. This paper attempts to collectively study the effect of change in shape and material of the 

pad and air flow rate on saturating efficiency. Four pad materials rigid cellulose, corrugated paper, 

high-density polythene packing, and aspen with rectangular, cylindrical, and hexagonal shape are 

selected for the analysis. In methodology section, three shapes of pads, and their geometrical and 

performance parameter calculations are discussed with appropriate formulae. In the results section, the 

tabulated results of performance parameters are shown for all shapes. The plots of variation of 

saturation efficiency and cooling capacity for different shapes of pad are also shown. The conclusion 

section is based on the results obtained. 

1.2 Nomenclature 

Afi Face area of the pad at inlet m2 

Afo Face area of the pad at outlet m2 

As 

Aw  

Wetted surface area per unit volume of pad material  m2/m3 

Total wetted surface area of the pad m2 

Cpa Specific heat of air J/kgK 

Cpu Specific heat of humid air  J/kgK 

Cpv Specific heat of the water vapor J/kgK 

da Dry air 

DBT1 Dry bulb temperature of ambient air 0 C 

DBT2 Dry bulb temperature of outlet air  0 C 

H Height of the pad m 

h Convective heat transfer coefficient  W/m2K  

k Thermal conductivity of air W/mK 
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l Thickness of the pad m 

lc Characteristic dimension m 

Ma Mass flow rate of air through the pad kg/s 

Nu Nusselt number  dimensionless 

Pr Prandtl number   dimensionless 

Qc 

R1 

R2 

Cooling capacity  kJ/h 

Inner radius of cylindrical shape m 

Outer radius of cylindrical shape m 

Re Reynolds number dimensionless 

RH Relative humidity of air % 

Vav Average velocity of air through the pad  m/s 

Vf Volume flow rate of air m3/s 

Vi Velocity of air at the inlet of pad m/s 

Vo Velocity of air at the outlet of pad m/s 

Vp 

W 

Volume of the pad  m3  

Width of pad m  

WBT1 Wet bulb temperature of ambient air deg C 

Greek letters  

ω Specific humidity of ambient air  kg/kg da 

ν Kinematic viscosity of air m2/s 

ρ Density of air kg/m3 

η Saturation efficiency 

II. METHODOLOGY 

2.1. Ambient Conditions. 

Weather data of Bhopal, India [8] in the month of April, May and some part of June was collected and 

classified into five groups of average maximum dry bulb temperature (DBT) and average relative 

humidity (RH). The most frequently occurring condition of average maximum DBT1 39.9 0C and 

average RH 32.8 % is selected for the analysis. [3]     

All the properties of air are referred [9] at this temperature. Density and kinematic viscosity are 

corrected for altitude at Bhopal.  

ρ =1.068 kg/m3   Cpa = 1007 J/kgK    = 17.95 × 10-6 m2/s   k = 0.02662 W/mK     Pr = 0.7255 

Humid specific heat is given by 

Cpu = Cpa + ωa Cpv                                                                                                                   (1) 

where Cpv is  1868 J/kgK   and  ωa  is 0.01615 kg/kg da 

2.2 Pad Shapes and Geometrical Parameters. 

2.2.1 Rectangular pad 

Figure 1 shows the rectangular shape pad with its orientation and direction of air flow. This is 

conventional shape which is used by the most evaporative coolers. The air flows horizontally across 

the pad entering on one side and leaving the other. The lateral sides of the shape are assumed to be 

closed i.e. air is moving only in one direction. Four pad materials rigid cellulose, corrugated paper, 

high density polythene packing and aspen with wetted surface areas of 370, 400, 420 and 503.6 m2/m3 

[6, 5, 7 and 8] respectively are chosen. Total wetted surface area of this shape for each material is 

shown in figure 1. Width and height of the pad are taken as 0.6 m and 0.6 m which gives pad face area 

as 0.36 m2. At maximum velocity value of 2.25 m/s the volume flow rate of air is obtained as 48.6 

cmm. Thickness of the pad is taken as 0.15 m.   

Figure 2 shows the rectangular pads arranged on 3 sides and air being drawn out from one side. Such 

type of arrangement is commonly used in commercial coolers but the thickness of pads used is very 

less. The analysis made for one side is applicable to all three sides. Air will be entering with the same 

saturating efficiency from three sides and the total mass flow rate of air will be three times of that 

from single side.  
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Geometrical parameters are calculated as follows. 

Area of pad   Afi= H × W                                                                                                            (2) 

Volume of pad   Vp = H×W×l                                                                                                     (3) 

Volume flow rate of air  Vf = Afi × Vi                                                                                       (4) 

As inlet and outlet area of rectangular pad is same, inlet and outlet velocity and hence average 

velocity remains same. Wetted surface area of cellulose material is 370 m2/m3 so that the total wetted 

surface area of rectangular pad of this material is given by  

Aw = As × Vp                                                                                                                             (5) 

Wetted surface area of other materials is shown in figure 1. Characteristic dimension is given by 

Aw

Vp
lc                                                                                                                                          (6) 

These parameters for rectangular shape are shown in table 1. 

       

  

 
Figure 2.   Rectangular pads arranged on three sides 
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Table 1. Geometrical Parameters of Rectangular Shape 

l m 0.15 

Afi  m2 0.36 

Vp m3 0.054 

Vi m/s 0.75 1.25 1.75 2.25 

Vf m3/s 0.27 0.45 0.63 0.81 

Ma kg/s 0.288 0.481 0.673 0.865 

Afo m2 0.36 

Vo m/s 0.75 1.25 1.75 2.25 

Vav m/s 0.75 1.25 1.75 2.25 

 

2.2.2 Cylindrical Pad  

Figure 3 shows cylindrical shape of the pad with its orientation and direction of air flow. The radial 

thickness dimension is taken as 0.15m.  The air will be entering inside from all over cylindrical 

surface and drawn by the fan in the upper portion of the cooler. Face area is taken as the area of the 

pad through which air enters the pad and is calculated by using equation 2. 

Afi = 2 R2 × H                                                                                                                          (7) 

Volume of the pad is calculated based on the shape of the pad and is given by 

Vp=   (R2
2 – R1

2) H                                                                                                                 (8) 

Volume flow rate of air through the pad is given by the equation 4. The velocity will increase as the 

air passes through the pad because of reduced area for flow at the outlet. Hence increased velocity at 

the outlet is given by 

Afo

ViAfi
Vo


                                                                                                                   (9)  

Characteristic dimension is given by equation 6. 

 
 

Figure 3.   Cylindrical shape. 

 
Table 2. Geometrical parameters of cylindrical shape 

l m 0.15 

Afi  m2 1.131 

Vp m3 0.1272 

 

0.3m dia 

Air flow Air flow 

  0.6m dia 

0.6m 

Aw= 47.0 m2 Cellulose 

      = 50.9 Corrugated paper 

      = 53.4 High Density Polythene 

      = 64.0 Aspen 
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Vi m/s 0.75 1.25 1.75 2.25 

Vf m3/s 0.848 1.414 1.979 2.545 

Ma kg/s 0.906 1.510 2.114 2.718 

Afo m2 0.5655 

Vo m/s 1.50 2.50 3.50 4.50 

Vav m/s 1.13 1.88 2.63 3.38 

This dimension and average velocity is used to calculate Reynolds number. Wetted surface area per 

unit volume of cellulose material [6] is 370 m2/m3 ,so that total wetted surface area for this shape 

calculated by using equation 5 is 47 m2.Wetted surface area for other materials is shown in figure 

2.Thickness of the pad is used as one of the parameters in Nusselt number correlation. It represents 

the horizontal distance traveled by the air through the pad. These parameters for cylindrical shape are 

shown in table 3. 

2.2.2 Hexagonal Pad  

Figure 3 shows hexagonal shape of the pad with its orientation and direction of air flow. The 

thickness dimension is taken as 0.15m.  The air will be entering inside from all over surface and 

drawn by the fan in the upper portion of the cooler. Face area at inlet and outlet and volume of the pad 

is calculated by geometry of the pad shape. 

Volume flow rate of air through the pad is given by the equation 4. The velocity will increase as the 

air passes through the pad because of reduced area for flow at the outlet. Hence increased velocity at 

the outlet is given by equation 9. 

Characteristic dimension is given by equation 6. This dimension and average of inlet and outlet 

velocity is used to calculate Reynolds number. Total wetted surface area of cellulose material for this 

shape calculated by using equation 5 is 42.6 m2.Wetted surface area for other materials is shown in 

figure 3. These parameters for hexagonal shape are shown in table 3. 

2.3. Velocity Considerations 

The range of approach velocity considered for the present analysis is from 0.75 m/s to 2.25 m/s. This 

range is reported in the literature and recommended by manufacturers. [12] Reynolds number is based 

on average velocity of air through the pad and characteristic dimension.  

2.4. Mass Flow Rate of Air   

Mass flow rate of air are calculated by  

 Ma = Vf   ρ                                                                                                                                          (10) 

Table 3. Geometrical parameters of hexagonal shape 

l m 0.15 

Afi  m2 1.08 

Vp m3 0.1152 

Vi m/s 0.75 1.25 1.75 2.25 

Vf m3/s 0.810 1.350 1.890 2.430 

Ma kg/s 0.865 1.442 2.019 2.595 

Afo m2 0.4565 

Vo m/s 1.77 2.96 4.14 5.32 

Vav m/s 1.26 2.10 2.95 3.79 

2.5. Heat Transfer Coefficient  

Following correlation [6] is used to calculate heat transfer coefficient in rigid cellulose media.  

  33.08.0

12.0

)(1.0 PrRe
l

lc
Nu 








                                                                                                  (11)         

Reynolds number is given by  



lcVav 
Re                                                                                                                           (12) 
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Air properties are evaluated at selected ambient condition. 

2.6. Performance Parameters 

Saturation efficiency is calculated based on the following relation. [6] 











MaCpu

hAw
exp1                                                                                                          (13) 

Dry bulb temperature of outlet air can be calculated by  
DBT2 = DBT1-     (DBT1-WBT1)                                                                                                      (14) 

 

        

 
As the evaporative cooling proceeds along constant WBT line, the WBT of outlet air is taken inlet 

WBT of 25.59 0C. Relative and specific humidity of the outlet air is calculated by online 

psychrometric calculator. [13] Cooling capacity is given by [3, 4] 

Qc   = Ma Cpa   (DBT1-DBT2)                                                                                            (15)  

The repetitive calculations for different velocities are done and only typical values of performance 

parameters for different media and shapes are shown in table 4. The variation of saturation efficiency 

with and mass flow rate are plotted in figures 5 and 6.   

III. RESULTS AND DISCUSSIONS 

3.1 Variation of Saturation Efficiency and Cooling Capacity 

The values of the saturation efficiency, DBT of outlet air and cooling capacity can be observed from 

the table 4. Saturation efficiency decreases with mass flow rate of air for all shapes and materials. 

This is expected because at higher velocities, air has lesser contact time with pad causing less 

evaporation of water. As saturation efficiency has direct effect on DBT of outlet air, DBT increases 

with decrease in saturation efficiency. The cooling capacity is based on mass flow rate and drop in 

DBT of air. Therefore it increases with mass flow rate even though drop in DBT decreases.  

 

3.2 Performance of Materials 
It is observed that the aspen pads are having highest efficiencies (91 to 83%) for all the shapes. This is 

because aspen pads are having highest wetted surface area per unit volume. Dowdy et al. [9] have 

obtained the efficiencies of the order of 71 to 76 % by using rectangular aspen pads of 38 mm 

thickness. High density polythene has efficiency between 77 to 86 % for different shapes. El-

Air Flow 

Air flow 

0.3 m 

0.6m 

0.15m 

Aw= 42.6 m2 Cellulose 

      = 46.0 Corrugated paper 

      = 48.4 High Density Polythene 

      = 58.0 Aspen 

Figure 4. Hexagonal shape. 
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Dessouky et al. [7] have obtained the efficiency in the range 63 to 93% for this material with 200 mm 

thick pads. 
Table 4. Performance parameters of different shapes with materials 

Shape Material Velocity m/s 0.75 1.25 1.75 2.25 

Rectangular   

3-sides 

 Ma kg/s 0.865 1.442 2.019 2.595 

Cellulose η % 79.89 76.50 74.17 72.40 

DBT2 0C 28.48 28.96 29.29 29.55 

Qc kJ/h 35826 57176 77616 97408 

CorrPaper η % 82.53 79.30 77.07 75.35 

DBT2 0C 28.10 28.56 28.88 29.12 

Qc kJ/h 37011 59274 80646 101378 

HDP η % 84.10 80.99 78.83 77.15 

DBT2 0C 27.87 28.32 28.63 28.87 

Qc kJ/h 37717 60538 82484 103798 

Aspen η % 89.33 86.74 84.87 83.40 

DBT2 0C 27.13 27.50 27.76 27.97 

Qc kJ/h 40059 64829 88810 112210 

Cylindrical 

 Ma kg/s 0.906 1.510 2.114 2.718 

Cellulose η % 81.05 77.72 75.44 73.69 

DBT2 0C 28.31 28.79 29.11 29.36 

Qc kJ/h 38063 60837 82666 103819 

CorrPaper η  % 83.62 80.48 78.29 76.60 

DBT2 0C 27.94 28.39 28.70 28.95 

Qc kJ/h 39273 62992 85789 107922 

HDP η % 85.15 82.13 80.01 78.37 

DBT2 0C 27.72 28.16 28.46 28.69 

Qc kJ/h 39990 64285 87676 110414 

Aspen η % 90.18 87.69 85.89 84.47 

DBT2 0C 27.00 27.36 27.62 27.82 

Qc kJ/h 42350 68639 94125 119015 

Hexagonal 

 Ma kg/s 0.865 1.442 2.019 2.595 

Cellulose η % 82.26 79.02 76.77 75.05 

DBT2 0C 28.14 28.60 28.92 29.17 

Qc kJ/h 36892 59062 80338 100973 

CorrPaper η % 84.76 81.71 79.57 77.92 

DBT2 0C 27.78 28.22 28.52 28.76 

Qc kJ/h 38013 61072 83263 104827 

HDP η  % 86.24 83.31 81.25 79.65 

DBT2 0C 27.57 27.99 28.28 28.51 

Qc kJ/h 38674 62272 85023 107158 

Aspen η % 91.04 88.68 86.95 85.58 

DBT2 0C 26.88 27.22 27.47 27.66 

Qc kJ/h 40829 66281 90989 115144 

  
Corrugated paper has the efficiency in the range of 75 to 85% for different shapes. Beshkhani and 

Hosseni [5] have obtained the efficiency of this material more than 57.5%, 68.5 % and 78.4% for 

media depth of 100 mm, 150 mm and 200 mm respectively by numerical modeling. Cellulose gives 

the efficiency of 72 to 82 % for different shapes. Camargo et al. [6] have tested rectangular cellulose 

pads of 150 mm thickness and obtained the efficiency in the range 82 to 77 % for velocities of 0.96 to 

2.32 m/s.  In general the materials with higher wetted surface areas are expected to perform better. 

The variation of saturation efficiency with air mass flow rate for hexagonal shape with different media 

is shown in figure 5. Similar trend is shown by all the shapes. 
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3.2 Performance of Pad Shapes 

The variation of saturation efficiency for different shapes with aspen media is shown in figure 6. It is 

observed that the hexagonal shape is giving only marginally higher efficiency (91% to 86%) as 

compared to cylindrical (90% to 84%) and rectangular shape (89% to83%).One sided rectangular pads 

are performing at par with other two shapes but at lower range of mass flow rates. If these pads are 

arranged on three sides, mass flow will be increased three times but the efficiency will remain the 

same.  
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Figure 5. Variation of saturation efficiency with air mass flow rate for hexagonal shape with different media. 
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Figure 6.  Variation of saturation efficiency with air mass flow rate for different shapes with aspen media 
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Figure 7.  Variation of cooling capacity with air mass flow rate for different shapes with aspen media 
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Hence this arrangement is equivalent to cylindrical and hexagonal shapes. Figure 7 shows the cooling 

capacity variation with mass flow rate of air for three shapes with aspen media. It is seen that the 

cooling capacity varies little with pad shape and material but varies largely with mass flow rates. This 

trend is shown by all the materials. Hence a circular or hexagonal cooler will be almost equivalent to 

box type cooler with pads on three sides as far as the cooling capacity is concerned.   

Higher mass flow rates are a result of greater face area of the pad which will have adverse effect on 

the saturation efficiency. The thickness dimension plays important role in increasing the efficiency 

because higher thickness will increase the air pad contact surface.     

IV. CONCLUSIONS 

Performance of rectangular, cylindrical, and hexagonal shapes of evaporative cooler pads of materials 

rigid cellulose, corrugated paper, high density polythene and aspen is theoretically analyzed. 

Performance in terms of saturation efficiency and cooling capacity is calculated for different mass 

flow rates of air. The saturation efficiency has highest value of 91 % for hexagonal pad of aspen 

material and corresponding outlet temperature of air is 26.9 0C. Saturation efficiency decreases with 

increase in air mass flow rate from 0.75 kg/s to 2.25 kg/s. Lowest value of 72.4 % is obtained for 

rectangular pad of cellulose material and corresponding outlet temperature is 29.6 0C. Lowest cooling 

capacity of 35826 kJ/h is obtained with rectangular pad of cellulose material. It increases with mass 

flow rate of air for all shapes and materials. Highest cooling capacity of 119015 kJ/h is obtained with 

cylindrical pad of aspen material.  Higher wetted surface area per unit volume gives higher efficiency 

as regards the materials are concerned. Higher thickness increases wetted surface area to give higher 

efficiency for the same shape. Cooling capacities increase with mass flow rate of air indicating large 

mass of air being cooled but with decreasing efficiency. Saturating efficiency and cooling capacity of 

rectangular pads arranged on three sides are almost equal to hexagonal and cylindrical pads for the 

same thickness and range of mass flow rate. Large size coolers with higher mass flow rates and higher 

velocities may only marginally reduce the outlet temperature of air unless thickness of the pad is more 

and wetted surface area per unit volume of the material is higher. Performance of such coolers will 

require large flow rates of water for adequate wetting of the surfaces.    

REFERENCES 

[1] Dagtekin M. et al. (2011). The effects of air velocity on the performance of pad evaporative cooling 

systems, African Journal of Agricultural Research, 6, pp.  1813-1822. 

[2] Fouda, A., Melikyan, Z. (2011). A simplified model for analysis of heat and mass transfer in a direct 

evaporative cooler. Applied Thermal Engineering, 31, pp. 932- 936 

[3] Kulkarni R.K., Rajput S.P.S.,(2011) : Theoretical Performance Analysis of Indirect-Direct Evaporative 

Cooler in Hot and Dry Climates, International Journal of Engineering Science and Technology, 3, 

pp.1239-1251. 

[4] Jain D., (2007): Development and Testing of Two Stage Evaporative Cooler,   Building and 

Environment, 42, pp.2549-2554. 

[5] Beshkani A., Hosseini R., (2006): Numerical Modeling of Rigid Media Evaporative Cooler, Applied 

Thermal Engineering, 26, pp. 636-643. 

[6] Camargo J.R.; Ebinuma C.D., Siveria J.L., (2005): Experimental Performance of a direct evaporative 

cooler operating during summer in Brazilian city. Int. J. of Refrigeration, 28(7), pp.1124-1132. 

[7] El-Dessouky H., Ettouney H., and Al-Zeefari A., (2004): Performance Analysis of Two Stage 

Evaporative Coolers, Chemical Engineering Journal, 102, pp.255-266. 

[8] Dowdy J.A., Karbash N.S, (1987): Experimental Determination of Heat and Mass Transfer 

Coefficients in Rigid Impregnated Cellulose Evaporative Media, ASHRAE Transactions, 93(2), pp. 

382-395.  

[9] Dowdy J.A., Reid R.L., Handy E.T., (1986): Experimental determination of heat and mass-transfer 

coefficients in aspen pads, ASHRAE Trans.92 (2A), pp 60-70. 

[10] Bhopal weather data retrieved from  www.tutiempo.net 

[11] Cengel Y. A., (2004).Heat Transfer: A Practical Approach, 2nd SI edn. Tata Mc-Graw Hill Publishing 

Company Limited, New Delhi. 

[12] ECOCOOL evaporative cooling pad catalog from Arctic India P. Ltd. Gurgaon, India  

[13] Psychrometric properties calculator. Available: http://www.sugartech.co.za  

http://www.tutiempo.net/


International Journal of Advances in Engineering & Technology, Sept. 2013. 

©IJAET                                                                                                          ISSN: 22311963 

1534 Vol. 6, Issue 4, pp. 1524-1534  

 

[14] Watt J.R.; Brown W.K. (1997):  Evaporative Air-Conditioning Handbook, 3rd ed. The Fairmont Press, 

Inc. Lilburn. 

 

AUTHORS 

R.K. Kulkarni received his Ph.D. in Mechanical Engineering from Maulana Azad National 

Institute of Technology, Bhopal (M.P.) in 2011 and M.E. in Heat Power Engineering from 

Pune University in 1996. He has wide experience of 23 years in teaching and 7 years in 

industry. He has presented several papers in national and international conferences and also 

published 8 papers in national and international journals. His research areas include thermal 

engineering and non-conventional energy sources. He is presently working as Professor and 

Dean (R &D) at TSSM’s PVPIT, Bavdhan Pune, Maharashtra, India. 

 
S.P.S. Rajput completed his M.Tech in Thermal Engineering from IIT, Roorkee in the year 

1992 and received his Ph.D. in Mechanical Engineering from Maulana Azad National 

Institute of Technology, Bhopal, India in the year 2004. He has published 37 research papers 

in referred journals and about 50 research papers in various conferences. He has guided 60 

M.Tech and 08 PhD Thesis. He has worked mainly in the field of refrigeration and air-

conditioning and evaporative cooling. Presently he is working as Professor in Mechanical 

Engineering at Maulana Azad National Institute of Technology, Bhopal, (M.P.) India. 


