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Abstract - Cooling systems are generally divided into two categories of dry and wet ones. The Heller cooling towers are considered as 

one main category of dry cooling systems. The performance of this type of tower is strongly influenced by the local atmospheric and 

climate conditions. In other words, since the cooling of condenser water is quite serious in these towers, in case of wind blow with the 

prevailing speed and direction, the cooling power of these towers is reduced and consequently, its effect appears directly in reduction of 

the power plant output power. One of the most effective solutions in the world, to reduce the negative effect of the wind on the 

performance of cooling towers, is to use suitable wind breaks inside and around the cooling towers. The purpose of this paper is to 

design wind breaks inside the cooling tower (interior wind guides) for four cooling towers in the Shazand thermal power plant and its 

analysis using the CFD simulation. To evaluate the thermal performance of wind breaks, the cooling towers are simulated with and 

without internal wind guides at wind speeds of 6, 10 and 14 m/s from the northwest and southwest directions. 
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1. Introduction 
The wind blowing around the cooling towers disrupts the natural draft and prevents the airflow from entering normally 

into the cooling system by creating low-pressure areas over it. Accordingly, the design of a suitable cooling system has 

very significant effects on the overall efficiency of the power plant cycle. In recent years, many researchers investigated 

the thermal performance of cooling towers in different environmental conditions, e.g., at different speeds, by numerical 

simulations and experimental works and developed empirical correlations to address the negative effect of wind blow. 

Du Preez and Kröger [1-3] were among the first researchers to analyze the wind blow effect on cooling towers using 

experimental studies and numerical simulations. They investigated the effect of wind on the thermal performance of dry 

cooling towers of power plants. First, they collected data from the Heller dry cooling towers at the plant site using data 

collection techniques. The recorded data showed that the thermal performance of the tower is affected and would decrease 

with increasing the wind speed. Zhai and Fu [4] conducted both experimental and numerical studies for improving the 

efficiency of dry cooling towers using windbreak walls around the tower. They also extended their research to study two 

in-tandem towers. Their studies showed that windbreak walls, which were perpendicular to the direction of wind flow 

around the tower, would be an effective method to reduce the negative effect of wind and increase the thermal performance 

of towers. Guo et al. [5] used numerical approaches and assessed several different factors to enhance the cooling tower 

performance. For this purpose, they simulated two cooling towers in wind conditions of 12 and 20 m/s speed. They 

practiced four different wind-break structures including cross-walls inside the tower, wind-break walls in front of the tower 

and perpendicular to the wind direction, cross line-screen inside the tower, and louvers in the cooling tower sectors. The 
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results indicated a range of excellent to poor performance enhancement for implementation of wind-break walls, cross 

walls inside the tower, cross line-screen inside the tower and louvers, respectively. They also examined the optimum 

opening of louvers at studied wind speeds. Ma et al. [6] applied numerical simulations to investigate the optimum 

setting angle of the windbreak walls around the tower based on the wind speed. They simulated a cooling tower of 173 

m height in wind conditions of 4, 8 and 12 meters per second. Their studies showed that the tangential component to 

the wind direction for air inlet to heat exchangers would depend on the wind speed and the use of windbreak walls 

perpendicular to the cooling tower circumference would not be optimal at low speeds. Darbandi et al. [7] applied 

numerical simulation by proposing new complementary thermo-aerodynamic equipment to investigate the 

performance of the Heller towers during wind conditions. In this study, the performance of the Heller cooling tower in 

different wind speeds of 4, 8 and 12 m/s were numerically simulated. The results indicated that by using 

complementary thermo-aerodynamic equipment, at least 55% of the cooling system performance can be compensated 

at different wind speeds.  
The purpose of this study is to design interior wind guides to improve the thermal performance of the cooling 

towers at Shazand power plant site using computational fluid dynamics techniques. According to the studies 

conducted in Reference [8], the prevailing wind direction at the site of Shazand power plant is from the geographical 

northeast and southwest, with the wind speed of 6, 10 and 14 meters per second. Therefore, these two directions and 

these wind speeds are used to investigate the thermal performance of the cooling towers of Shazand power plant with 

the suggestion of interior wind guides. Our literature survey shows that this research is carried out for the first time for 

the Shazand power plant in Arak. 

 

2. Numerical Simulation of Power Plant and the Cooling System 
This section provides details about the numerical simulation of this study. Hence, at the beginning of this section, 

the geometric modeling of the cooling towers of Shazand power plant site in the presence of the interior wind guides is 

conducted, and then, the generated grid is introduced. It is followed by describing the governing equations of the flow 

field, and at the end, the boundary conditions applied in this simulation as well as the solution algorithm are explained. 

 
2.1. Geometrical Model of the Cooling Towers 

The geometrical modeling of cooling towers of Shazand power plant in the presence of interior wind guides is 

comprehensively presented in this section. Figure 1 illustrates the computational domain with its dimensions and 

geographical directions. This domain is chosen large enough to have no effect on flow patterns near the cooling 

towers. The geographical directions shown in the figure are also very important and are the basis for wind directions, 

and analysis of the results as well. Figure (1b) shows the geometric model details of the four cooling towers of 

Shazand power plant with their respective dimensions and sizes. 

For better identification of the guide design inside one of the cooling towers, Figure (2a) shows an isometric view 

of the interior wind guides inside one of the cooling towers with given sizes and dimensions. Figure (2b) shows top 

view of Heller cooling towers with interior wind guides and prevailing wind directions. 

The arrangement of tower radiators is depicted in Figure (3a). It should be mentioned that the cooling towers 

radiators are Forgo type and their number in each cooling tower of Shazand power plant is 264. The dimensions and 

sizes of the cooling tower radiators are shown in Figure (3b). 

 
2.2. Grid Generation 
    After generating the geometric model, the grid mesh would be generated. At this stage, the modeling process continues 

with the creation of sufficient mesh elements. The calculation domain, cooling towers, and also their constituent cells are 

meshed to their finest element. The generated grid in the domain is of unstructured type. Of course, in radiators where heat 

transfer phenomenon occurs, a structured grid mesh is created. 

A grid with approximately 13 million high quality cells is produced to generate mesh in the Shazand power plant cooling 

system with the proposed wind guides,. Figure (4a) shows the generated calculation grid of the overall domain and Figure 
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(4b) displays the calculation grid on the interior wind guides in the Heller towers. To investigate the grid independent 

solution, the results of three large, medium and small size grids are achieved with an approximate amount of 9.5 million, 

13 million, and 16 million elements, respectively. Due to close results of medium sized and small sized grid, the medium 

sized grid with about 13 million elements was used in the proceeding of numerical simulation and thermal performance 

investigation of cooling towers. It should be noted that the grid independence study of results will be presented in the 

relevant section. 

  

b a 
Figure 1: a) Dimensions and size of the computation domain b) Geometry modeling of power plant cooling towers with some 

dimensions and sizes 

 

  

b a 
Figure 2: a) Isometric view of interior wind guides inside one of the cooling towers with size and dimensions b) top view of Heller 

cooling towers with interior wind guides and prevailing wind directions 
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b a 
Figure 3: a) Isometric view of interior wind guides inside one of the cooling towers with sizes and dimensions b) top view of 

heller cooling towers with interior wind guides and prevailing wind directions in this study 

 

  
b a 

Figure 4: a) grid distribution in the overall domain of power plant b) Schematic of the generated grid rendered on the wind 

guides 
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2.3. Governing Equations of Flow Field  
The Navier-Stokes governing equations including mass, momentum and energy are solved for the steady-state 

incompressible viscous flow using the finite-volume method. The general transfer equation for an arbitrary parameter of ϕ 

is given by 

.( )u S       (1) 

In the above equation, ρ and u are the fluid density and velocity and Γ  and S  the diffusion coefficient and the 

source term, respectively. Different values of them are presented in Table 1. These equations will be integrated over all 

control volumes or the grid cells and then discretized.  

 
Table 1: Definition of different parameters of governing equations [9] 

Equations ϕ φΓ  φS  

Continuity 1 0 0 

x-momentum u1 eμ  
131 2

1 1 1 2 1 3 1

( ) ( ) ( )
x c

e e e

c

p Auu up

x x x x x x x V
  

    
    
      

 

y-momentum u2 eμ  
231 2

2 1 2 2 2 3 2

( ) ( ) ( )
x c

e e e

c

p Auu up

x x x x x x x V
  

    
    
      

 

z-momentum u3 eμ  
331 2

3 1 3 2 3 3 3

( ) ( ) ( )
x c

e e e

c

p Auu up

x x x x x x x V
  

    
    
      

 

Energy T 
Pr Pr

t

t

 
  

1
( )c

p c

qA

c V
 

 

       In the above table, x1, x2, x3 are the Cartesian co-ordinates, u1 velocity components in x-direction (m.s-1), u2 velocity 

components in y-direction (m.s-1), u3 velocity components in z-direction (m.s-1), eμ  effective viscosity (kg.m-1.s-1), μ t  

turbulent eddy viscosity (kg.m-1.s-1), Pr the Prandtl number, Prt the turbulent Prandtl number, P pressure (pa), A area (m2), 

Δp  the pressure drop, q heat flux (W.m-2), and Cp the specific heat at constant pressure (J.Kg-1.K-1).  

 

Conservation equations comprise of three equations, while equation unknowns include pressure, density, temperature, 

and velocity, which are a total of four unknowns all together. The fourth equation, which would help to solve the system of 

equations and unknowns, is called the state equation, which relates the density field to the pressure and temperature field as 

follows: 

( , )P T   (2) 

 

By substituting suitable values of  , φΓ  and φS  parameters in the relevant equations, the 𝑘 − 𝜀 model can be obtained. 

Details of turbulence model equations are presented in Table 2. In this table, the k  and   parameters are the turbulent 

kinetic energy (m2.s-2) and turbulent kinetic energy dissipation rate (m2 .s-3), respectively. 

 
  



 

 

 

 

 

 

 

119-6 

Table 2: parameters of transfer equation for the turbulence model [9] 

Equations   φ         φΓ                    φS 

Turbulent kinetic energy k  
e

k


 

K bG G    

Rate of dissipation of 

turbulent kinetic energy 
  

e




 

2

1 3 2( )k bC C C G C
k k  

 
   

 

The constants and other parameters appeared in this table are defined as [9] 

2

1 2 3
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   

 

 

where c , 1εc , 2εc , 3εc are four cconstants for the k-ε turbulence model. Furthermore, gG is the production term 

and g is the gravity (m. s-2). 
 

2.4. Boundary Condition Implementations and Solution Algorithm    
In this section, suitable boundary conditions are introduced for the numerical simulation. The pressure outlet 

boundary condition is used when there is no wind in the considered direction. The boundary condition of velocity inlet 

is applied when there is wind blow in the simulation. Due to international standards, the wind flow gradient follows a 

specific profile that the wind speed value is zero at ground level and at 10 meter height. The characteristic curve of the 

radiators can be taken from the manufacturer's technical documents, laboratory. Figure 5b shows the boundary 

condition for the radiators in the cooling tower on the model. 

In order to correct the pressure and the coupling between pressure and velocity, the Simple algorithm was used to 

discretize equations. The turbulent steady-state flow and k-ε turbulence model are considered here. In discretizing the 

governing equations, the second-order upwind method for pressure, momentum and energy terms, and the first-order 

upwind method for the turbulence terms are applied. The convergence criteria of the solution are considered 10-4 for 

the continuity and momentum equations and 10-6 for the energy equation. 
 

3. Grid Independency of Results 
In this research, the parameter of heat released (MW) of one of the cooling towers in the design conditions (31 ° C 

temperature and no wind condition) is considered as a measure of grid independence of the results. Table 3 

demonstrates the results for the three generated grids of large-sized with 9.5 million elements, medium-sized with 13 

million elements and small-sized with 16 million elements. As can be seen, the results of the medium-sized grid of 13 

million elements and the fine-sized grid of 16 million elements are very close to each other, so the medium grid with 

the number of 13 million grids is selected for the rest of the simulations. 

 
Table 3: Results for the heat released by one of the Shazand power plant cooling towers considering different grid sizes 

Grid numbers (million cells) Heat release of one cooling tower 

9.5 447 

13 454.5 

16 460.2 

 



 

 

 

 

 

 

 

119-7 

4. The validation activity 
In this section, the results for the simulation of thermal performance of one of the cooling towers of Shazand power 

plant without wind guides are presented and validated in the design conditions. The design point conditions of the Shazand 

power plant in this simulation are considered 31℃ air temperature, 62℃ temperature of inlet water to radiators and no 

wind. 

 In Table 4, the numerical simulation results are compared with the empirical values taken from the Shazand power 

plant at design point conditions. The small value of error between the present results and experimental data indicates the 

accuracy of the numerical simulation in the present study. 
 

Table 4: Validation of numerical simulation results of cooling towers without wind guides 

Heat released of tower 

(MW) 

Design value Simulation value Error percent(%) 

457 455 0.4 
 

 
5. The Results for the Cooling Towers with Wind Guides at Various Wind Conditions 

In this section, the simulation results of thermal performance of cooling towers are presented in the presence of wind 

guides at different wind conditions. The prevailing wind direction is from the northeast and southwest, and the wind speed 

is 6, 10 and 14 m/s. The bar charts in Figures 5 to 7 compare the thermal performances of Heller towers with and without 

wind guides at three different wind speeds and two northeast and southwest directions. The horizontal axes show the Heller 

tower number and the vertical axes demonstrate the amount of heat released from each tower. The amount of heat released 

from each tower is also displayed on the bar charts. It should be noted that the blue color indicates the thermal performance 

of the cooling towers with wind guides and the green color indicates the thermal performance of cooling towers without 

wind guides. 

Figure (5a) shows the thermal performance of the towers with and without wind guides at the wind speed of 6 m / s 

from the northeast direction. According to the figure, the wind guides in Tower 4 comprise the most impact on the thermal 

performance while in other towers, according to the results, addition of wind guides has led to little impacts to even no 

effect on thermal performance. Figure 5b shows the thermal performance of the towers with and without wind guides at a 

wind speed of 6 m/s and from the southwesterly direction. Referring to shown bars, the wind guides in Tower 2 have the 

greatest impact and for the rest of the towers have almost no effect on their thermal performance. Figure (6a) illustrates the 

thermal performance of the towers with and without wind guides at a wind speed of 10 m/s and from the northeast 

direction. Regarding this figure, the wind guides in Tower 1 lead to the highest effect on thermal performance in contrast to 

the other towers. According to the results, the effect of wind guides on the thermal performance of the towers is very small 

and insignificant. Figure 6b depicts the thermal performance of the towers with and without wind guides at a wind speed of 

10 m/s and from the southwest direction. As can be seen, the wind guides result in the greatest impact on towers 3 and 4 

and for towers 1 and 2 have no effect on their thermal performances. Figure (7a) shows the thermal performance of the 

towers in the presence and without consideration of wind guides at a wind speed of 14 m/s and from the northeast 

direction. Regarding this figure, the wind guides have affected almost all the towers although the highest increase in 

thermal performance is attributed to towers 3 and 4. Figure (7b) shows the thermal performance of the towers with and 

without wind guides at a wind speed of 14 m/s and from the southwest direction. As can be seen, the wind guides on 

Tower 4 had the greatest effect on its thermal performance and for other towers there are no significant influences. 
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a b 
Figure 5: Thermal performance of cooling tower with and without wind guides at a wind speed of 6 m/s from a) the northeast direction 

and b) the southwest directions 

 

  

b a 
Figure 6: Thermal performance of cooling tower with and without wind guides at a wind speed of 10 m/s from a) the northeast 

direction and b) the southwest directions 

 

  

b a 
Figure 7: Thermal performance of cooling tower with and without wind guides at a wind speed of 14 m/s from a) the northeast 

direction and b) the southwest directions 
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6. Conclusion 
The aim of this paper was to design suitable interior wind guides to improve the thermal performance of four cooling 

towers of the Shazand Power Plant using the numerical simulation tools. In this regard, the thermal performance of 

Shazand power plant cooling towers were studied with and without the designed interior wind guides at wind speeds of 6, 

10 and 14 meters per second, from the northeast and southwest geographical directions. The results of simulations showed 

that addition of wind guides in general, had a minor effect on the major thermal performance of the cooling towers of the 

Shazand power plant. The highest increase in the thermal performance of cooling towers was attributed to the wind speed 

conditions of 14 m/s from the northeast and southwest directions. According to the obtained results, it can be emphasized 

that there is no economic justification to design, construct, install, and use the interior wind guides in the Shazand power 

plant. There is no opportunity to improve the present performance significantly using the interior wind guides. 
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