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ABSTRACT 
 
A 3D CFD model of a natural draft wet-cooling tower is presented in this paper. A 
commercial code Fluent has been used to simulate the transport phenomena inside the 100 m 
high tower and in the surrounding environment (300 m high cuboid with 200 m by 200 m 
base). A total number of 4.84 million hybrid grid cells define the discretized flow domain. 
The three-dimensional model is an extension of a previously developed 2D axisymmetric 
model that has been successfully validated against experimental data [1]. There is a large 
scale difference in the phenomena occurring in the tower. The geometrical scales of the 
environment are of the order of hundreds meters whilst the heat and mass in the fill zone is 
transferred within a few centimeters. The most challenging task of the study is providing a 
link between these scales by building sub-models of heat, mass and momentum transfer in 
the smaller scales. The developed model is therefore supplied with a low dimensional 
representation of heat and mass transfer in the fill, whose purpose is to determine the heat 
and mass rejected from the cooling water to the air. The heat and mass transfer is well 
described by a set of four ordinary differential equations comprising the so called two point 
boundary value problem [2]. In order to reduce the computational time, the heat and mass 
transfer is then represented by an original statistical technique called the Proper Orthogonal 
Decomposition. The Euler-Euler multiphase model was used to simulate the flow, heat and 
mass transfer in the rain zone. The RNG k-ε model with the dispersed option is used for the 
turbulence modeling of multiphase flow. Application of all required models infers that a total 
number of 14 transport equations are solved in Fluent. This makes the solution process 
demanding and increases the overall computational time additionally to the large mesh size. 
The obtained results showed considerably different flow fields obtained from the 3D 
simulation than those from the 2D axisymmetric model mainly above the tower. Due to rapid 
mixing and buckling of the plume the draft is reduced in the 3D model showing lower 
average velocities and higher cooled water temperature. The model can be used to predict the 
three dimensional phenomena like the effect of cross-wind, dispersion of desulphurized flue 
gas introduced to the plume, etc., however it should be validated against large scale 
experimental results first. 
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