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 Wet cooling towers have a high cooling capacity. However, owing to consumption of large water 
quantities in wet cooling towers, using them in arid regions facing a water resource crisis might cause 
operational problems. In this research, changing the wet cooling tower of unit 5 of Isfahan Islamabad 
power plant into a hybrid cooling tower using parallel path wet/dry configuration is studied. The hybrid 
cooling tower with the recommended configuration causes minimal changes in the other power plant 
facilities and has a low construction cost. Two different airflow control systems are investigated for the 
wet and hybrid cooling towers. In the first system, the amount of airflow rate in the cooling tower is 
adjusted by means of switching tower ID fans on or off. In the second system, an optimum airflow 
control mechanism with high-tech fans is devised. The results reveal that the optimum airflow control 
system is more suitable than the other system, due to less water consumption, preventing the sudden 
fluctuations of airflow and consequently water consumption rates and less fan power consumption. 
Experimental data and results obtained by the HTFS software are used for validating the simulated 
results of the wet cooling tower and air-cooled heat exchangers, respectively. The results demonstrate 
that the annual amount of water conservation due to changing the wet cooling tower into hybrid tower is 
approximately 343830 and 348718 cubic meters for fan switching and optimum airflow control systems, 
respectively. 
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Fig. 1 The interface between water and air in fill of a wet cooling tower 
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Fig. 2 Obtaining water to air mass flow ratio for the design condition of 
the wet cooling tower of Isfahan Islamabad power plant 
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Fig. 3 Hybrid cooling tower with PPWD configuration 
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Table 1 The main characteristics of the wet cooling tower of Isfahan 
Islamabad power plant 
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Table 2 The main characteristics of the air-cooled heat exchangers used 
in hybrid cooling tower 
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Fig. 4 Pump characteristic curve and system resistance curves for the 
main and the new circulating water systems 
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Fig. 5 Comparison of water consumption rates of wet tower between 
simulated results (for two different airflow control systems) and 
experimental data for various dry-bulb temperatures 
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Fig. 6 Comparison of water outlet temperatures of the air-cooled heat 
exchangers between the simulated results and results obtained by HTFS 
for various dry-bulb temperatures 
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Fig. 7 Variations in water consumption rate, number of operating fans, 
water inlet temperature in the wet section and water outlet temperature 
of the hybrid cooling tower for various dry-bulb temperatures- fan 
switching (on/off) airflow control system 
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Fig. 8 Comparison of water consumption rates between the wet and 
hybrid cooling towers for various dry-bulb temperatures- fan switching 
(on/off) airflow control system 
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Fig. 9 Comparison of water consumption rates between the wet and 
hybrid cooling towers in 12 months (for monthly average temperatures) 
during a year- fan switching (on/off) airflow control system 
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Fig. 10 Comparison of water consumption rates between the wet and 
hybrid cooling towers for various dry-bulb temperatures- optimum 
airflow control system 

10 
-   

  
Fig. 11 Comparison of water consumption rates between the wet and 
hybrid cooling towers in 12 months (for monthly average temperatures) 
during a year- optimum airflow control system 
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Fig. 12 Comparison of fan power consumption in the wet tower 
between the two different airflow control systems 

12  
 

kW 125 8 8 
kW 1000  .

12 
) 

 ( .

 ."12" 
% 59  

)

   
  

5 -   

-
 .

 -
 .

 .

 ( )   .

-HTFS 
 . 

1( 
 .

   

 .
  

2( 
 
  .

   
3( 

    
4( 

m 140335   
5( 

m 343830    
 

Dry-bulb temperature ( C)

Fa
n

po
w

er
(k

W
)

0 10 20 30 40200

600

1000

1400

Optimum airflow control
Fan control (on/off)



    

                           

  

28  1395164  

m 348718   
6( 

 
7( 

 
   

6 -   

  

7 -   
[1] R. E. Cates, Parallel air path wet-dry water cooling tower,  US  Patent  No.  

3923935, 1975. 
[2] L. R. Glicksman, W. R. Rohsenow, Wet/dry cooling tower and method, US 

Patent No. 4269796, 1981. 
[3] V. Vodicka, H. Fichtner, Hybrid cooling tower for power station, DE Patent 

No. 19611627, 1997. 
[4] E. Rezaei, S. Shafiei, A. Abdollahnezhad, Reducing water consumption of an 

industrial plant cooling unit using hybrid cooling tower, Energy Conversion 
and Management, Vol. 51, No. 2, pp. 311-319, 2010. 

[5] M. H. Malekmohammadi, H. Beheshti, H. Ahmadikia, The effect of water 
temperature and usage of hybrid cooling system on the water consumption of 
Isfahan power plant, Proceedings of The 15th Fluid Dynamics Conference, 
Bandarabbas, Iran, December 17-19, 2013. (in Persian ) 

[6] Z. Szabo, L. Ludvig, A. Balogh, Hybrid cooling system,  US  Patent  No.  
13513730, 2013. 

[7] M. A. Ardekani, M. A. Ranjbar, Field study of airflow pattern through 
radiator of Heller dry cooling tower, Modares Mechanical Engineering, Vol. 
13, No. 11, pp. 30-40, 2014. (in Persian ) 

[8] S. R. SabbaghYazdi, S. Gharehjanloo, Proposition of obliqueable ring 
installation at crown of the Hellertype cooling tower for reduction of 
throttling effect in windy condition, Modares Mechanical Engineering, Vol. 
14, No. 3, pp. 185-193, 2014. (in Persian ) 

[9] W. Asvapoositkul, M. Kuansathan, Comparative evaluation of hybrid 
(dry/wet) cooling tower performance, Applied Thermal Engineering, Vol. 71, 
No. 1, pp. 83-93, 2014. 

[10] M. M. El-Wakil, Powerplant Technology, pp. 268-283, New York: McGraw-
Hill, 1984. 

[11] J. C. Kloppers, D. G. Kröger, A critical investigation into the heat and mass 
transfer analysis of crossflow wet-cooling towers, International Journal of 
Heat and Mass Transfer, Vol. 48, No. 3-4, pp. 765-777, 2005. 

[12] W. Asvapoositkul, S. Treeutok, A simplified method on thermal performance 
capacity evaluation of counter flow cooling tower, Applied Thermal 
Engineering, Vol. 38, pp. 160-167, 2012. 

[13] J. C. Kloppers, D. G. Kröger, Cooling tower performance: A critical 
evaluation of the Merkel assumptions, Research and Development Journal of 
The South African Institution of Mechanical Engineering, Vol. 20, No. 1, pp. 
6-10, 2004. 

[14] E. U. Schlunder, Heat exchanger design handbook, pp. 1257-1272, 
Washington, D.C.: Hemisphere, 1986. 

[15] F. Osterle, On the analysis of counter-flow cooling towers, International 
Journal of Heat and Mass Transfer, Vol. 34, No. 4-5, pp. 1313-1316, 1991. 

[16] R. K. Singla, K. Singh, R. Das, Tower characteristics correlation and 
parameter retrieval in wet-cooling tower with expanded wire mesh packing, 
Applied Thermal Engineering, Vol. 96, pp. 240-249, 2016. 

[17] J. R. Picardo, J. E. Variyar, The Merkel equation revisited: a novel method to 
compute the packed height of a cooling tower, Energy Conversion and 
Management, Vol. 57, pp. 167-172, 2012. 

[18] D. R. Baker, H. A. Shryock, A comprehensive approach to the analysis of 
cooling tower performance, ASME Journal of Heat Transfer, Vol. 83, No. 3, 
pp. 339-349, 1961. 

[19] S. A. Leeper, Wet cooling towers: rule-of-thumb design and simulation, EG 
& G, Idaho, pp. 2-6, 1981. 

[20] Cooling tower documents No. C.583 and C.749, Islam Abad Power Plant, 
Isfahan, Iran, 1988. 

[21] F. P. Bleier, Fan Handbook: Selection, Application, and Design, pp. 122-
135, New York: McGraw-Hill, 1998.  

[22] API Standard 661, Petroleum, Petrochemical, and Natural Gas Industries—
Air-cooled Heat Exchangers, 7th edition, American Petroleum Institute, 
Washington, D.C., 2013. 

[23] K. Thulukkanam, Heat exchanger design handbook, pp. 95-381, New York: 
CRC Press, 2013. 

[24] W. M. Kays, A. L. London, Compact heat exchangers, pp. 33-69, New York: 
McGraw-Hill, 1984. 

[25] R. W. Serth, T. G. Lestina, Process heat transfer: Principles, applications 
and rules of thumb, pp. 515-517, San Diego: Academic Press, 2014. 


