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A Numerical Study on the Performance Analysis of
Plume Abatement Cooling Tower with Dry Type Heat Exchanger

Byung Jo Kim, Young Xi Choi’
School of Mechanical Engineering, Chung-Ang University, Seoul 156-756, Korea
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ABSTRACT: This study treats the analysis of the performance and the design of plume
abatement wet/dry cooling tower with dry type heat exchanger using a numerical method. A
two-dimensional analysis is performed using the finite volume method for mechanical draft
counterflow and crossflow tower. For a coupling problem between water and air system, a
turbulent two phase flow is considered. Effectiveness-NTU method is used for modeling of
the dry type heat exchanger. The parameter change simulations of the outer wall shape, the
relative flowrate of air, and attachment of an air mixer are performed to examine the effect
on plume abatement. It is found that if the relative air flowrate ratio and the adequate air
mixer type are chosen well in addition to the ratioc of water to air flowrate, the loss of the
cooling capacity and the additional cost are reduced and the plume is abated.

Key words: Cooling tower(§ Zt'®), Plume abatement(¥ 4% =]), Dry type heat exchanger(7l2]
9 w37]), Effectiveness-NTU method(f&ZE=-NTUH)
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Fig. 2 A skill for plume abatement.
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Fig. 3 Forced draft counterflow wet/dry tower.
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Table 1 The specifications of the cooling tower
Counterflow tower Crossflow tower
Length at the base 3.10 Length at the base 9.70
Mean half width 2.66 Mean half width 10.97
Radius at the exit 0.90 Radius at the exit 3.35
Tower height 5.00 Tower height 16.98
Wet section inlet port height 0.67 Fill height 11.98
Distance between wet inlet and fill 0.11 Fill width 515
Fill height 0.78 Inclined angle of the inlet louver 8°
Spray height 0.37
Distance between spray and dry inlet 0.30
Dry section inlet height 0.50

Unit except inclined angle : [m]
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Table 2 Operating conditions for the present study

Dry bulb temperature [C]
Wet bulb temperature [C]
Ambient pressure [kPa}
Inlet water temperature [C]
Water mass flow rate [kg/s]
Air mass flow rate [kg/s]

Air mass flow rate with wet section inlet [kg/s]

Counterflow tower Crossflow tower
18.00 15.00
1750 14.00
101.325 101.325
37.00 37.40
20.00 265.00
8.00 375.67
6.40 252.536
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Table 3 Calculation result for the counterflow

tower
Average water outlet temperature [C] | 33.03
Range in dry heat exchanger [TC] 0.37
Range in wet section [TC] 3.60
Total range in tower [C] 3.97
Approach [TC] 1553
Evaporation rate [%] 0.31
Cooling tower effectiveness 0.20
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Fig. 5 Streamline of air.
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Table 4 Calculation result for the crossflow
tower

Average water outlet temperature [C] | 24.44

Range in dry heat exchanger [T] 1.28
Range in wet section [C] 11.68

Total range in tower [C] 12.96
Approach [TC] 10.44

Evaporation rate [95] 1.03

Cooling tower effectiveness 0.56

Fig. 17 Isothermal contour of air and water.
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