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ABSTRACT 

 

Operation of heat exchangers, condensers and many reactors involving heat changes calls for sound 

supply of water at adequate temperature. Cooling towers thus are integral part of utility section, 
sometimes they are the most important one. Humidification is the process in which the moisture or 

water vapor or humidity is added to the air without changing its dry bulb (DB) temperature. Cooling 

and humidification processes are one of the most commonly used air conditioning applications for the 
cooling purposes. Natural circulation, forced circulation and induced draft cooling towers are used 

according to requirement as they have their own advantages and disadvantages. Natural draft towers 

have least operating cost and operate with natural circulation of air. Forced and induced draft towers 
need electricity for blowing or forcing air. In the current investigations efficiency of forced draft 

cooling tower is analyzed. Also material balances and packed height of column are computed. 
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INTRODUCTION 

Cooling tower is very important 

utility in the chemical and allied industries. 

Water from processing industries is at 

higher temperature. It is required to be 

cooled before disposal as per regulatory 

norms. Also many processes need water at 

low temperatures (5-20
o
C). Operation of 

heat exchangers, condensers and many 

reactors involving heat transfer calls for 

sound supply of water at adequate 

temperature.  

Cooling towers, thus are integral part 

of utility section, sometimes they are the 

most important one. Humidification is the 

process in which the moisture or water 

vapor or humidity is added to the air without 

changing its dry bulb (DB) temperature. 

Cooling and humidification processes are 

one of the most commonly used air 

conditioning applications for the cooling 

purposes. Natural circulation, forced 

circulation and induced draft cooling towers 

are used according to requirement as they 

have their own advantages and 

disadvantages. Natural draft towers have 

least operating cost and operate with natural 

circulation of air. Forced and induced draft 

towers need electricity for blowing or 

forcing air. Many investigators have studied 

and investigated cooling towers for mass 

and energy balance analysis and design 

aspect. 
 [1-3]

 Work is also reported on 

thermal design of the cooling towers. 

Investigations are also reported on aspects 

such as optimization and performance 

enhancements of cooling towers. 
[4-6]

 

Hyperbolic cooling towers are also 
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investigated and still continue to be import 

area of research.
 [7-9]

 In the current 

investigations efficiency of forced draft 

cooling tower is analyzed. The calculation 

for material balance and column height is 

carried out with simple conventional 

equations. 

 

EXPERIMENTAL SETUP 

Experimental studies were carried out on 

cooling tower in chemical engineering 

department of DattaMeghe College of 

Engineering, Airoli. 

 

 
Fig.1: Cooling tower 

 

METHODOLOGY FOR FORCED 

DRAFT COOLING TOWER 

Experiments were carried out at different 

temperatures and water flow rates. 

 
Table 1: Inlet air readings 

Q 

(mol/sec) 

Wet bulb temp. 

(°C)(Tw) 

Dry bulb temp. 

(°C)(Tg1) 

12.5 27 30 

11.11 21 26 

10 29 30 

 

Table 2: Outlet air readings 

Q 

(mol/sec) 

Wet bulb temp. 

(°C)(TW) 

Dry bulb temp. 

(°C)(TG1) 

12.5 27 28 

11.11 25 28 

10 25 29 

 

Table 3: Water inlet and outlet temperatures 

Water inlet 

Temp. 

(TL1) 

(°C) 

Water outlet 

Temp 

(TL2) 

(°C) 

32 22 

34 23 

32 26 

 

CALCULATIONS 

Absolute Humidity (h):  

From the psychometric chart the absolute 

humidity we get is:- 

Inlet air humidity (h1) =0.023 gm. of water 

vapour/m
3 

vol. of air 

Outlet air humidity (h2) = 0.021 gm of water 

vapour/ m
3 

vol. of air 

 

Enthalpy (H): 

H1=Cp (TG1-To) +h1λ 

Where 

Cp= specific heat of water =4.19 KJ/kg℃ 

TG1 = inlet air dry bulb temperature 

=
30+26+30

3
= 28.67℃ 

To=inlet air temperature =25℃ 

λ= latent heat of vaporization of water 

=2264.76 kJ/kg 

∴H1 = [4.19 X (28.67-25)] + (2264.96 X 

0.023) 

∴ 𝐻1 = 67.47 kJ/kg 

∴H2 = [4.199 X (28.33-25)] + (2264.96 x 

0.021) 

∴ 𝐻2 =61.51 KJ/Kg 

Efficiency= 
𝐻1

𝐻𝑠1
 

= 67.47/104 

= 0.6488 

= 64.88% 

 

Mass Balance:  

[L CLX (TL2-TL1)] =[ G X (H2-H1)] 

Where, 

L = water flow rate (ml/sec) = 11.2 ml/sec 

CL = Specific heat of water =4.19 kJ/kg 

TL2 = water outlet temp (°C) 

TL1 = water inlet temp (°C) 

H2 = Enthalpy of outlet air (kJ/kg) 

H1 = Enthalpy of inlet air (kJ/kg) 

 G = Air flow rate (𝑚3/𝑠𝑒𝑐) 
∴ [11.2 X10−3X 4.19 X (25.33-32037)] = 

[G X (61.51- 67.47) ] 

∴G = 0.0578 kg/sec 

 

Packing Height (z): 

Z = 𝐻𝐺𝑋𝑁𝐺  

Where, 

𝐻𝐺 =  
𝐺

𝑘𝑦𝑎 𝑋𝑀𝐵
 = 

0.0578

8.25∗10−3∗28.97
= 0.2418 𝑚 

From Fig.2, 
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𝑁𝐺 = 0.1575 

∴ 𝑧 = 0.2418 ∗ 0.1575 

∴ 𝑧 = 0.0381 𝑚 

∴ 𝑧 = 3.81 𝑐𝑚 
 

 
Fig. 2:Hy verses 1/(Hy*-Hy) 

 

RESULTS 

Using the experimental data which we get 

from running our setup we calculate the 

following: 

Absolute humidity of inlet air (h1) = 0.023 

gm of water vapour/𝑚3 volume of air 

Absolute humidity of outlet air (h2) = 0.021 

gm of water vapour/𝑚3volume of air 

Inlet air Enthalpy (H1) = 67.47 kJ/kg 

Outlet air Enthalpy (H2) = 61.51 kJ/kg 

Gas flow rate (G) = 0.0578 kg/sec 

Packing height (z) = 3.81 cm 

 

CONCLUSION 

Efficiency of cooling tower was 

found to be 64.88 percent. The errors in 

measurements can be the reason for this. 

One more and important reason is the 

leakage in the tower. Though, efforts were 

made to minimize the leakage, still 

considerable error is caused in flow rate 

measurement and efficiency due leakage. 

Evaporative losses also cause loss in 

efficiency and significant error 

measurements.  

 

ACKNOWLEDGEMENT 

The authors are thankful to chemical 

engineering department of Datta Meghe 

College of Engineering, Navi Mumbai for 

help, support and encouragement. Authors 

also express words of appreciation for Mr. 

Anil Patil of chemical department for his 

timely help and support. 

 

REFERENCES 

1. JianfengQian, Lina Li, YankunTan  

AndDayuZheng, “Research And 

Application Of Closed Cooling 

Tower”, 2nd International 

Conference On Electronic & 

Mechanical Engineering And 

Information Technology, Emeit-

2012, 1, 1-3. 

2. Xiaoni Qi, Yongqi Liu, Zhenyan 

Liu, “Exergy Based Performance 

Analysis Of A Shower Cooling 

Tower”,StrojniškiVestnik - Journal 

Of Mechanical Engineering, 2013, 

59(4),.251-259. 

3. Neeraj. P. Badola, Swati V. 

Prajapati,“Performance 

Enhancement Of Air Cooled Heat 

Exchanger In Winter Conditions”, 

Global Journal For Research 

Analysis, 2014, 3(7), 96-98. 

4. Ben Costelloe, Donal Finn, 

“Experimental Energy Performance 

Of Open Cooling Towers Used 

Under Low And Variable Approach 

Conditions For Indirect Evaporative 

Cooling Of Buildings”, Building 

Serv. Eng. Res. Technol., 2003, 

24(3), 163-177. 

5. Alok Singh, Sanjay Soni, R. S. 

Rana,“Performance Analysis Of 

Natural Draft Wet Cooling Tower At 

Optimized Injection Height”, 

Proceedings Of 02nd Itr 

International Conference, 07th 

September-2014, Bhubaneswar, 

ISBN: 978-93-84209-50-6, 61-65. 

6. Mohammed Nsaif Abbas, “Study 

The Performance Of Different 

Packing In Open Cooling Towers”, 

Journal Of Engineering And 

Development, 2012, 16(2), 193-210. 

7. E. Asadzadeh, M. Alam,“A Survey 

On Hyperbolic Cooling Towers”, 

International Journal Of Civil, 



Rahul V. Wavdekar et al. Experimentation on Cooling Tower: Material Balance, Efficiency and Packed Height 

 

                    International Journal of Research & Review (www.gkpublication.in)  13 

Vol.4; Issue: 1; January 2017 

Structural, Construction And 

Architectural Engineering, 2014, 

8(10), 1027-1039. 

8. Parth.R.Chhaya, Nizam. M. Mistry, 

Anuj.K.Chandiwala, “A Review On 

Effect Of Wind Loading On Natural 

Draught Hyperbolic Cooling 

Tower”, International Journal Of 

Advance Engineering And Research 

Development, 2014, 1(12), 47-50. 

9. Sachin Kulkarni, Prof A.V. 

Kulkarni, “Case Study Of Seismic 

Effect On Hyperbolic Cooling 

Towers”, Civil And Environmental 

Research, 2014, 6(11), 85-94. 

 

 

 

 

 

 

 

****** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How to cite this article: Wavdekar RV, Katre RZ, Yadav AS et al. Experimentation on cooling 

tower: material balance, efficiency and packed height. International Journal of Research and 

Review. 2017; 4(1):10-13. 
 

International Journal of Research & Review (IJRR) 
 

Publish your research work in this journal 

 
The International Journal of Research & Review (IJRR) is a multidisciplinary indexed open access double-blind 
peer-reviewed international journal published by Galore Knowledge Publication Pvt. Ltd. This monthly journal is 
characterised by rapid publication of reviews, original research and case reports in all areas of research. The details 
of journal are available on its official website (www.gkpublication.in).  

 
Submit your manuscript by email: gkpublication2014@gmail.com OR gkpublication2014@yahoo.com  

http://www.gkpublication.in/
mailto:gkpublication2014@gmail.com
mailto:gkpublication2014@yahoo.com

