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The Behavior of Cement Portland Cooling Tower was evaluated numerically and 

experimentally. The three-dimensional simultaneous governing equations of the fluid flow, 

heat transfer and mass transfer were discretized and solved numerically, and the result of 

simulation were compared with measured data from the cement factory and with the 

available published result on the internet. Solid software was used as numerical software 

tool to predict the performance characteristics of cooling tower in Portland cement factory 

such as the velocity, temperature, stress and strain were simulated and compared with 

compute experiment. Experimentally the temperature, and pressure of gaseous and its 

emission across the cooling tower in White Portland cement factory were measured. The 

agreement seems acceptable between the numerical and experimental results. 
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1. INTRODUCTION

The most common material utilized for contemporary 

infrastructure is cement.  

Approximately 5% of all anthropogenic CO2 emissions 

worldwide are attributed to the cement industry, one of the 

highest polluting industrial sectors and an energy-intensive 

industry where energy expenditures account for 40% of 

overall production costs The cement mill can cut its energy 

usage by thirty percent [1]. 

Huge concrete chimneys are used in natural draft designs to 

introduce air through the media. 

It uses big fans to push air through water that is being 

circulated. The water flows over fill surfaces at a downward 

angle, which helps prolong the water-air contact period . 

The purpose of the counterflow cooling tower is to cool hot 

water that exits the compressors and blowers' heat exchangers 

and then recycles the water to cool the components once again 

[1-3]. 

Figure 1. Cooling tower model 

Both mechanical and natural drafts cooling tower are 

utilized to drive air through circulating water and it employed 

for humidification operations to introduce air through the 

media. As seen in Figure 1, the water falls downhill over fill 

surfaces that aid in lengthening the water-air contact period [1]. 

1.1 Cross flow 

Figure 2 illustrates a crossflow design, in which the air flow 

is oriented perpendicular to the water flow [2]. 

Figure 2. Cross flow [2] 

1.2 Counter flow 

Figure 3 illustrates how the air flow in a counterflow system 

is exactly opposite the water flow. After first entering a gap 

under the fill material, air is pulled up vertically. Water is 

sprayed by pressure nozzles and travels against the flow of air 
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through the fill, falling downhill [3]. 

 

 
 

Figure 3. Counter flow type design [3] 

 

 

2. LITERATURE REVIEW 

 

There isn't a single mathematical model that can faithfully 

replicate every facet of the tower's simultaneous mass and heat 

transmission operation [3, 4]. 

Many researchers used finite difference and CFD 

approaches to study the fundamental equations for mass and 

heat transmission both computationally and experimentally 

the most important aspects of the cooling tower in various 

dimensions [5-12]. 

Zargar et al. [13] studied numerically the heat and mass 

transmission inside wet counter cooling towers under various 

climatic circumstances using a one-dimensiona. 

On other hand, A new approach for evaluating measured 

data of cooling tower performance was provided by Smrekar 

et al. [14]. It makes it possible to research how local anomalies 

in CT affect the power production of the plant. Poppe model 

is offered for cooling tower applications on a local basis. An 

empirical model is created that links the temperature of the 

cooling water to the power production. 

Qureshi and Zubair [15] was introduced the fouling model 

to look at the cooling tower's risk-based thermal performance. 

For the specified fouling model, the efficacy has decreased by 

around 6.0%. They looked into the cooling tower's sensitivity 

analysis for rating and design calculations for various mass 

flow rate ratio values. 

Berndt [16] looked at ways to shield concrete from the acid 

that sulfur-oxidizing bacteria in geothermal power plants 

release. He discovered that the best protection was provided 

by calcium aluminate cement mortar, epoxy coatings, and 

silica fume. 

Ahamed et al. [17] studied the energy recovery of the Grate 

coolers which used in cement industries. 

Klimanek [18] forecast the performance of natural draft 

wet-cooling towers using demonstrated a CFD model. 

In order to establish the minimal energy objectives for 

production and suggest strategies to increase energy efficiency, 

Boldyryev et al. [19] examined the energy consumption of a 

specific cement mill in Croatia. 

A numerical model grounded on wet cooling towers has 

been combined with a numerical plume model that accounts 

for the potential for condensation as well as the condensation 

event itself [20]. 

Using a multiparametric numerical simulation and a CFD 

model, Zhelnin et al. [21] examined the effects of tower 

separation and crosswind speed on two cooling towers. 

Using the Finite Element Method, Ansys software, Kumar 

et al. [22] modeled hyperbolic cooling towers. The results 

demonstrate how the behavior of Hyperbolic Cooling towers 

during earthquakes is considerably altered by the soil-structure 

interaction effect. 

The mass and heat transport within a natural wet cooling 

tower under various operating and crosswind circumstances 

have been quantitatively explored by Al-Waked and Behnia 

[23]. Both the Lagrangian and the Eulerian approaches have 

been used in the current simulation for the air and water phases, 

respectively. 

The literature has a number of numerical models that 

explain the fundamentals of cooling tower operation: 

Sutherland models, Fujita and Tezuka, Webb, Jaber and Webb, 

ESC code, FACTS, VERA2D, and STAR [3, 4]. 

Every model uses a slightly different set of presumptions. 

As a result, each model's heat-mass transfer coefficient 

computations provide different findings. 

In the present study the Solid flow numerical model was 

used to simulate the performance of the cooling tower of 

Portland cement factory [24]. 

 

 

3. COOLING TOWER THEORY 

 

The motion of the water droplet is as shown in Figure 4: 

 

 
 

Figure 4. Free body of water droplet 

 

ddd

d

d RFG
dt

du
M −−=  

 

Heat is transferred from water drops to the surrounding air 

by the transfer of sensible and latent heat as shown in Figure 

5. 

 

 
 

Figure 5. Interfacial film of water droplet 

 

The heat removed from the water must be equal to the heat 

absorbed by the surrounding air [25]: 

 

( )sw aq ka h h = −  (1) 

 

( )v sw am ka w w = −  (2) 
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The tower characteristic value can be calculated by solving 

Eq. (1): 

 
1
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(3) 

 

where, 

 

Δh1=hw-ha at T2+0.1(T1-T2) 

Δh2=hw-ha at T2+0.4(T1-T2) 

Δh3=hw-ha at T2-0.4(T1-T2) 

Δh4=hw-ha at T2+0.1(T1-T2) 

(4) 

 

3.1 Transport equation [24-31] 

 

Figure 6 shows the geometric shape of the tower. 

 

 

 

 

Figure 6. Cooling tower dimension 

 

The governing equations are: 

 

Continuity of moisture air: 
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The air momentum equation in x direction: 
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The air momentum equation in r direction: 

 

( ) ( ) reffeff f
r

p

r

v
r

rrr

v

x
rvv

rr
uu

x
−




=















−















+




+






11  

 

Energy conservation of air: 
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Mass conservation of moisture in the air: 

 

( ) ( )  m
r

f
r

rrx

h

x
rvf

rr
uf

x
effeff =

















−
















+




+



 11  

 

Energy conservation of water: 

 

( )w w wu h q
x
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3.2 Cooling tower efficiency 

 

Cooling tower thermal efficiency can be calculated as: 

 

W Bwi

wowi
CT

TT

TT

−

−
=  

 

The power water input of cooling tower (Pinput (water)) is: 

 

Pin=Pout+Pinput(water) 

Pin–Pout=P input(water) 

mair Cp (Tin–Tout)=mw (hout–hin) 

 

The efficiency is: 

 

η=Pinput(water)/(Pin–Pout) 

 

The humidity ratio is: 

 

W=mw/mair 

 

where, mw=mass flow rate of water; mair=mass flow rate of air; 

Cp=specific heat at constant pressure of air; Pin=power input 

of cooling tower; Pout=power output of cooling tower; 

V=Volumetric flow rate. 

 

V=25m3/h         mair=1.2*25=30 kg h-1 

 

From Eq. (2): 
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30*1.0004*250=mw(501.73) 

mw=14.95 kg h-1 

η=7503/7953.18=94.339% 

W=14.95/30=0.4933 

 

 

4. NUMERICAL INVESTIGATION CFD 

 

Solid flow CFD was used to graphical solution of the 

equations of mass, momentum, and energy. 

"Materials and Methods"  

The discretized and numerically solved three-dimensional 

simultaneous governing equations of mass, heat, and fluid 

flow were then compared with the simulation's output and 

observed data from the cement factory and published results 

from the internet  . 

In order to anticipate the performance characteristics of the 

cooling tower in the Portland cement industry, solid software 

was utilized as a numerical software tool. Variations in 

temperature, velocity, stress, and strain were simulated and 

compared with computing experiments. 

Experimental procedures used. 

Experimentally the temperature, and pressure of gaseous 

and its emission across the cooling tower in White Portland 

cement factory were measured.  

"Numerical Simulation Methods" section  

The temperature distribution inside the cyclone separator: - 

0-700 C 

The SolidWorks Software Suite gives scientists a powerful 

and effective means to assess data for applications while 

enabling optimum speed and flexibility for all types of 

research needs. SolidWorks analyzes a three-dimensional 

meshed CAD model to solve a system's flow using the finite 

element method. 

 

 

5. RESULT AND DISCUSSION 

 

5.1 Temperature distribution 

 

Figures 7, 8 show the temperature distribution inside the 

cooling tower. As shown the temperature within the cooling 

tower depends on the amount of unburned fuel.  

 

 
 

Figure 7. Water circulation inside cooling tower 

 

 
 

Figure 8. Streamline of air velocity 

 

Gases from the combustion process in the furnace is pulled 

by (Hot Gas Exhauster) through the heat exchanger is then the 

distribution of these gases to the mill of raw materials, dried 

and gases in excess of that goes to the cooling tower which 

includes a cooling tower seven spraying water (spray) in the 

included order to cool the gas, where water comes to the 

cooling tower cooled by cooling tower last no near room for 

pumps, the cooling water going to the cooling tower of the 

main works to cool the gas where it is pushing the water up 

and compressed to be leaving an aerosol pump water multiple 

stages and as a result of an spray water on these gases 

(including some dust) is deposited to the bottom and the 

descent, where the process of regulating the descent of 

material spiral conveyor to convey these materials to either 

(Rotary Gate), which in turn long-dried material to the director.  

The cooling characteristic coefficient rises with an increase 

in the temperature of the incoming water and falls with an 

increase in the water-air mass flow ratio.  

At higher water temperatures and mass flow rates, the 

cooling tower rejects more heat from the process cooling water. 

 

 
 

Figure 9. Water circulation inside cooling tower 
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5.2 Water flow simulation 

 

Figures 7, 9 and 10 show the circulation water inside the 

cooling tower. 

Higher air mass flow rate, lower water mass flow rate, or 

higher intake water temperature will all result in the optimal 

water cooling. 

 

 
 

Figure 10. Water circulation inside cooling tower 

 

5.3 Streamline for air 

 

Figures 8, 11-13 show different view of air velocity. 

 

 
 

Figure 11. Streamline of air velocity 

 

5.4 Cooling tower measurement 

 

The temperature, pressure, and emission of gaseous matter 

throughout the cooling tower were measured using the 

portable emission analyzer Testo 350 S/M/XL, as seen in 

Figure 14. 

 

 
 

Figure 12. Pipe distribution of air velocity 

 

 
 

Figure 13. Sphere distribution of air velocity 

 

 
 

Figure 14. Testo 350 S/M/XL portable emission analyzer 

 

Finally Figures 15-17 show the measured gas temperature 

and pressure along the cement Portland factory. 
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Figure 15. Mass flow rate across the cooling tower 

 

 
 

Figure 16. Gas temperature across the cooling tower 

 

 
 

Figure 17. Gas pressure across the cooling tower 

 

 

6. CONCLUSIONS 

 

Solid flow numerical model CFD was used to simulate 

cooling tower performance (temperature, pressure and 

mechanical properties stress and strain). The following were 

obatined: 

As air and cooling water flow rates rise, so does the overall 

heat transfer capacity; however, the cooling efficiency is the 

inverse. 

As the input temperature rises, so does the cooling tower's 

overall heat transfer and thermal efficiency. 

As the water-air mass flow ratio rises, the cooling water 

range and cooling tower efficiency fall, and as the intake water 

temperature rises, they both rise. 

The result of this simulation was compared with measured 

data that was taken from cement factory. In general, very good 

agreement was obtained. 

The limitations of the model & Recommendation: 

·Using different type of CFD model. 

· Implement an energy audit on the cooling tower to 

increase the whole efficiency of the Portland cement factory. 

·Apply advanced environmental technique to reduce the 

emission gaseous increasing environmental awareness. 

·Simulation of different cooling tower shape. 

 

 

REFERENCES 

 

[1] CL 332/334-UG LAB, Cooling Tower-MT 305. 

http://www.che.iitb.ac.in/courses/uglab/manuals/coollab

manual.pdf. 

[2] Chemie, D.E. Cooling tower. 

http://www.chemeurope.com/en/encyclopedia/Cooling_

tower.html. 

[3] Mohiuddin, A.K.M., Kant, K. (1996). Knowledge base 

for the systematic design of wet cooling towers. Part I: 

Selection and tower characteristics. International Journal 

of Refrigeration, 19(1): 43-51. 

https://doi.org/10.1016/0140-7007(95)00059-3 

[4] Mohiuddin, A.K.M., Kant, K. (1996). Knowledge base 

for the systematic design of wet cooling towers. Part II: 

Fill and other design parameters. International Journal of 

Refrigeration, 19(1): 52-60. 

https://doi.org/10.1016/0140-7007(95)00060-7 

[5] Singh, K., Das, R. (2016). An experimental and multi-

objective optimization study of a forced draft cooling 

tower with different fills. Energy Conversion and 

Management, 111: 417-430. 

https://doi.org/10.1016/j.enconman.2015.12.080 

[6] Jayaweera, C., Groot, N., Meul, S., Verliefde, A., Nopens, 

I., Hitsov, I. (2022). Development of a hybrid model for 

reliably predicting the thermal performance of direct 

contact countercurrent cooling towers. International 

Journal of Heat and Mass Transfer, 197: 123336. 

https://doi.org/10.1016/j.ijheatmasstransfer.2022.12333

6 

[7] Zhang, Z., Wang, M., Wang, Y., He, S., Gao, M. (2022). 

Influences of dry-wet hybrid rain zone on the heat and 

mass transfer characteristics of wet cooling towers: A 

case study. Case Studies in Thermal Engineering, 30: 

101784. https://doi.org/10.1016/j.csite.2022.101784 

[8] Kaiser, A.S., Lucas, M., Viedma, A., Zamora, B. (2005). 

Numerical model of evaporative cooling processes in a 

new type of cooling tower. International Journal of Heat 

and Mass Transfer, 48(5): 986-999. 

https://doi.org/10.1016/j.ijheatmasstransfer.2004.09.047 

[9] Guo, Q.J., Qi, X., Wei, Z., Sun, P. (2019). An analytical 

approach to wet cooling towers based on functional 

analysis. Mathematical Problems in Engineering, 

2019(1): 8372093. 

https://doi.org/10.1155/2019/8372093 

[10] Chen, R., Zhang, D., Zhang, Z., Han, Q., He, S., Gao, M. 

(2021). Numerical study regarding cooling capacity for 

non-equidistant fillings in large-scale wet cooling towers. 

Case Studies in Thermal Engineering, 26: 101103.  

https://doi.org/10.1016/j.csite.2021.101103 

[11] Johnson, B.M., Nomura, K.K., Bartz, J.A. (1987). 

Review of numerical models to predict cooling tower 

performance (No. CONF-871234-). American Society of 

Mechanical Engineers, New York, NY. 

[12] Liang, Z., Li, L., Yang, J., Zhu, Q. (2023). Numerical 

simulation of deposition of drifts and salt from multiple 

super-large seawater cooling towers. Scientific Reports, 

1432

http://www.chemeurope.com/en/encyclopedia/Cooling_tower.html
http://www.chemeurope.com/en/encyclopedia/Cooling_tower.html


 

13(1): 10149. https://doi.org/10.1038/s41598-023-

36164-7 

[13] Zargar, A., Kodkani, A., Peris, A., Clare, E., Cook, J., 

Karupothula, P., Vickers, B., Flynn, M.R., Secanell, M. 

(2022). Numerical analysis of a counter-flow wet cooling 

tower and its plume. International Journal of 

Thermofluids, 14: 100139. 

https://doi.org/10.1016/j.ijft.2022.100139 

[14] Smrekar, J., Kuštrin, I., Oman, J. (2011). Methodology 

for evaluation of cooling tower performance–Part 1: 

Description of the methodology. Energy Conversion and 

Management, 52(11): 3257-3264. 

https://doi.org/10.1016/j.enconman.2011.05.005 

[15] Qureshi, B.A., Zubair, S.M. (2004). A comprehensive 

design and performance evaluation study of counter flow 

wet cooling towers. International Journal of 

Refrigeration, 27(8): 914-923. 

https://doi.org/10.1016/j.ijrefrig.2004.04.012 

[16] Berndt, M.L. (2011). Evaluation of coatings, mortars and 

mix design for protection of concrete against sulphur 

oxidising bacteria. Construction and Building Materials, 

25(10): 3893-3902. 

https://doi.org/10.1016/j.conbuildmat.2011.04.014 

[17] Ahamed, J.U., Madlool, N.A., Saidur, R., Shahinuddin, 

M.I., Kamyar, A., Masjuki, H.H. (2012). Assessment of 

energy and exergy efficiencies of a grate clinker cooling 

system through the optimization of its operational 

parameters. Energy, 46(1): 664-674. 

https://doi.org/10.1016/j.energy.2012.06.074 

[18] Klimanek, A. (2013). Numerical modelling of natural 

draft wet-cooling towers. Archives of Computational 

Methods in Engineering, 20(1): 61-109. 

https://doi.org/10.1007/s11831-013-9081-9 

[19] Boldyryev, S., Mikulčić, H., Mohorović, Z., Vujanović, 

M., Krajačić, G., Duić, N. (2016). The improved heat 

integration of cement production under limited process 

conditions: A case study for Croatia. Applied Thermal 

Engineering, 105: 839-848. 

https://doi.org/10.1016/j.applthermaleng.2016.05.139 

[20] Peris Alonso, A. (2019). Numerical simulation of a 

cooling tower and its plume. Master's thesis, Universitat 

Politècnica de Catalunya. 

[21] Zhelnin, M., Kostina, A., Plekhov, O., Zaitsev, A., 

Olkhovskiy, D. (2022). Numerical simulation on 

temperature and moisture fields around cooling towers 

used in mine ventilation system. Fluids, 7(10): 317. 

https://doi.org/10.3390/fluids7100317 

[22] Kumar, C.M., Shanthappa, B.C., Manjunatha, K. (2021). 

A study on dynamic response of hyperbolic cooling 

tower for fixed base condition. In Seismic Design and 

Performance: Select Proceedings of 7th ICRAGEE 2020, 

pp. 269-275. https://doi.org/10.1007/978-981-33-4005-

3_22 

[23] Al-Waked, R., Behnia, M. (2006). CFD simulation of 

wet cooling towers. Applied Thermal Engineering, 26(4): 

382-395. 

https://doi.org/10.1016/j.applthermaleng.2005.06.018 

[24] Al Habobi, M.A. (1995). Performance of different 

packing configurations in a counter flow water cooling 

tower. Doctoral dissertation, M. Sc. Thesis, College of 

Engineering, University of Baghdad. 

[25] Khamooshi, M., Anderson, T.N., Nates, R.J. (2021). A 

numerical study on interactions between three short 

natural draft dry cooling towers in an in-line arrangement. 

International Journal of Thermal Sciences, 159: 106505. 

https://doi.org/10.1016/j.ijthermalsci.2020.106505 

[26] Li, X., Gurgenci, H., Guan, Z., Wang, X., Xia, L. (2019). 

A review of the crosswind effect on the natural draft 

cooling towers. Applied Thermal Engineering, 150: 250-

270. 

https://doi.org/10.1016/j.applthermaleng.2018.12.147 

[27] Alahmer, A., Al-Dabbas, M. (2014). Modeling and 

simulation study to predict the cement Portland cyclone 

separator performance. Emirates Journal for Engineering 

Research, 19(1): 19-25. 

[28] Boldyryev, S. (2018). Heat integration in a cement 

production. Cement Based Materials, 23-34. 

https://doi.org/10.5772/intechopen.75820 

[29] Robert Van Durme, P.E., PE, M.S. (2021). Improving 

cooling performance of gas conditioning 

towers/downcomers to reduce plant emissions. In 2021 

IEEE-IAS/PCA Cement Industry Conference 

(IAS/PCA), Orlando, FL, USA, pp. 1-4. 

https://doi.org/10.1109/IAS/PCA50164.2021.10143789 

[30] Boldyryev, S., Mikulčić, H., Mohorović, Z., Vujanović, 

M., Krajačić, G., Duić, N. (2016). The improved heat 

integration of cement production under limited process 

conditions: A case study for Croatia. Applied Thermal 

Engineering, 105: 839-848. 

https://doi.org/10.1016/j.applthermaleng.2016.05.139 

[31] Kong, Q.J., Zhao, X.Y., Xie, D.Q., Zhang, B., Wang, P. 

(2018). Experimental investigation of the heat and mass 

transfer phenomena in a counterflow wet cooling tower 

with foam ceramic packing. Advances in Mechanical 

Engineering, 10(1): 1687814017752579. 

https://doi.org/10.1177/1687814017752579 

 

 

NOMENCLATURE 

 

mw mass flow rate of water 

mair mass flow rate of air 

Cp specific heat at constant pressure of air 

Pin power input of cooling tower  

Pout power output of cooling tower 

V volumetric flow rate 
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