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Abstract--- The cooling tower finds a variety of applications 

in the field of a process industries, power plant and heating 

ventilation and air conditioning where high heat transfer 

performance and high effectiveness are mostly required. 

There are many factors which affect the performance of 

counter flow cooling tower like water flow rate, air flow 

rate, fill porosity, water to air ratio, fouling, heat leakage in 

the atmosphere. There are many investigators who have 

worked on cooling tower by using Merkel equation and 

poppe’s equation to calculate effectiveness of cooling tower 

by considering the effect of water and air flow rate, ambient 

wet bulb temperature, tower characteristics. This paper aims 

to observe the effect of process variable on temperature of 

water. Such as 1. Inlet water flow 2. Inlet air velocity 3. fill 

porosity. 

I. INTRODUCTION 

Finite element method is one of the powerful numerical 

techniques to solve the complex physical phenomenon that 

are governed by the differential equations. Many of the 

practical engineering problems such as structural, thermal, 

magnetic, acoustic, etc. can be solved by the finite element 

method. Moreover, the finite element method is an 

increasingly common tool for engineering design. Design 

and dimension are taken from DOLPHIN PLAST PVT 

LTD.at Kathwada GIDC, Ahmedabad, Gujarat. In this 

research work my objective is to get optimum condition 

which gives the maximum effectiveness in counter flow 

FRP cooling tower. For effectiveness parameters like inlet 

water flow rate, inlet air rate and fill porosity are 

considering in this research. So optimization of heat transfer 

is done by using taguchi method. Taguchi method is 

reducing the number is experiment. Here Also used the 

Minitab software for taguchi method. For this model of 

cooling tower is made in solid works then convert this 

model in STEP file and imported in ANSYS for CFD 

analysis. In this paper present the CFD analysis of cooling 

tower and comparing this result to practical reading. For 

taking practical reading temperature sensor and 

thermocouple is used. 

II. CFD ANALYSIS OF COOLING TOWER 
Here the CFD analysis of cooling tower is done in 

ANSYS12.1 work bench. Temperature distribution of 

cooling tower is achieved by CFD analysis in ANSYS12.1.  

Finite Element Analysis is a mathematical representation of 

a physical system comprising a part/assembly (model), 

material properties, and applicable boundary conditions 

{collectively referred to as pre-processing}, the solution of 

that mathematical representation {solver}, and the study of 

results of that solution {post-processing}. 

The practical reading is plotted in bellow table. 

 

 

Table 1practical Reading Of Cooling Tower 

MAXIMUM 

TEMPERATURE 

315 K 

MINIMUM TEMPERATURE 308K 

Here ANSYS workbench is used for CFD analysis 

of cooling tower. Application of the CFD to analyze a fluid 

problem requires the following steps. First, the mathematical 

equations describing the fluid flow are written. These are 

usually a set of partial differential equations. These 

equations are then discretized to produce a numerical 

analogue of the equations. The domain is then divided into 

small grids or elements. Finally, the initial conditions and 

the boundary conditions of the specific problem are used to 

solve these equations. The solution method can be direct or 

iterative. In addition, certain control parameters are used to 

control the convergence, stability, and accuracy of the 

method. All CFD codes contain three main elements: (1) A 

pre-processor, which is used to input the problem geometry, 

generate the grid, and define the flow parameter and the 

boundary conditions to the code. (2) A flow solver, which is 

used to solve the governing equations of the flow subject to 

the conditions provided. There are four different methods 

used as a flow solver: (i) finite difference method; (ii) finite 

element method, (iii) finite volume method, and (iv) spectral 

method. (3) A post-processor, which is used to massage the 

data and show the results in graphical and easy to read 

format. After giving boundary condition solve it for result. 

Here 100 iteration is run for accurate result. After getting 

solution go to the post processor for getting result. The 

result from Ansys is plotted below. 

Table 2 Ansys Result 

MAXIMUM TEMPERATURE 315 K 

MINIMUM TEMPERATURE 307.4K 

Table 3 Mesh Details 

Domain Nodes Element 

All domain 243832 727631 

Following modeling experiments on ANSYS carried out 

1. Meshing of cooling tower. 

2. Domain for water and Air Mixture. 

3. Domain for water. 

4. Porous Domain. 

5. Porosity. 

6. Water and Air domain. 

7. Inlet for water. 

8. Outlet for water. 

9. Inlet for Air. 

10. Outlet for Air. 
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Fig. 1: Assembly of Cooling Tower 

Fig 2 indicates the meshing model of the cooling tower. 

Meshing detail of the cooling tower is shown table below. 

 
In fig 3 ANSYS CFX analyses is shown. From we 

can say that the maximum temperature is 333K and 

minimum temperature is 328 K. Fig 4 indicate velocity 

streamline of wax we can say that the maximum velocity is 

at the stirrer blade which shown by red portion in fig.  

     From practical reading and Ansys result we can say 

that ANSYS is give the close reading to the practical. So 

here ANSYS is used for the perform nine analysis as shown 

in taguchi array. From this analysis we can decide which 

modal of wax tank is best for maintain the uniform 

temperature of the wax in wax tank.  

   
Fig. 2: Meshing modal of cooling Tower 

Materials in the Workbench are imported from material 

library available in ANSYS database. If the material is not 

available in material library then it also defines manually. 

The properties of materials use for this work are plotted 

below.   

 
Fig. 3: water and Air Mixture Domain  

 

Fig. 4: Domain for water 

 
Fig. 5: Define Porous Domain 

http://www.google.co.in/imgres?q=property+of+ten+node+tetrahedral+element+for+meshing+ansys&um=1&hl=en&sa=N&biw=1366&bih=566&tbm=isch&tbnid=Ik2ZFv5FbXUpaM:&imgrefurl=http://www.andrew.cmu.edu/org/me-tutorials/ansysx.htm&docid=vE_bVeiB9Tp7oM&imgurl=http://www.andrew.cmu.edu/org/me-tutorials/tutorial pictures/ansys/10 node tet.gif&w=382&h=272&ei=LcLiT4ePA8PYrQefnLCYAw&zoom=1&iact=hc&vpx=80&vpy=60&dur=2511&hovh=189&hovw=266&tx=121&ty=88&sig=103926945456497348075&page=1&tbnh=107&tbnw=150&start=0&ndsp=23&ved=1t:429,r:7,s:0,i:94
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Fig. 6: Define Porosity 

 
Fig. 7: Domain for inlet water 

 
Fig. 8: Define outlet for Water 

 

 
Fig. 9: Define inlet for Air 

 
Fig. 10: Define outlet for Air 

III. RESULTS 

A selected set of results is available for the user to view and 

interrogate. The set of results include fundamental stress, 

strain, deformation, thermal, shape optimization, mode 

shape, and fatigue. 

 Interrogation involves several options: A.

1. Scoping: Isolating parts from an assembly, or faces 

from a part and displaying results only on those areas. 

2. Slicing: Drawing a slice plane through any results 

figure then rotating the model so that the slice can be 

seen. Multiple slices through any one figure are 

allowed, as is the ability to drag a slice through the part. 

3. Deformed Shape: Several settings from unreformed to 

5:1 automatic factor deformation. The automatic factor 

is calculated to ensure a visible deformation in the 

displayed model, whether the factor is 0.01 or 100. 

In this work three parameter and three levels are 

used so L9 array is used for optimization. L9 array is shown 

below with parameter inlet water flow rate (2.0Kg/s, 

2.5Kg/s, 3.0Kg/s), inlet Air rate (2.6m/s, 3.0m/s, 3.4m/s) 

and Fills porosity (40%, 50%, ,60%) (taguchi mehod) 
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Table 4  Selected Array 

Experiment 
Inlet Water 

Flow Rate Kg/s 

Inlet Air 

Rate m/s 

Fills  

porosity % 

1 2.0 2.6 40 

2 2.0 3.0 50 

3 2.0 3.4 60 

4 2.5 2.6 50 

5 2.5 3.0 60 

6 2.5 3.4 40 

7 3.0 2.6 60 

8 3.0 3.0 40 

9 3.0 3.4 50 

Result of nine analyses are shown table below. 

TABLE 5 ANALYSIS RESULT 

  Inlet  

water 

flow rate 

Kg/s 

Inlet 

Air 

rate 

m/s 

Fills 

Porosity 

% 

Water outlet 

Temperature K 

1 2.0 2.6 40 303.7 

2 2.0 3.0 50 304.1 

3 2.0 3.4 60 304.5 

4 2.5 2.6 50 305.1 

5 2.5 3.0 60 305.6 

6 2.5 3.4 40 304.9 

7 3.0 2.6 60 306.0 

8 3.0 3.0 40 305.8 

9 3.0 3.4 50 306.3 

IV. CONCLUSION 
The below mentioned conclusion has been made as under: 

1. The optimum condition which gives the maximum 

effectiveness in counter flow FRP  cooling tower was 

obtained with inlet water flow rate  kept at  level (2 

kg/s), air flow rate  kept at (2.6 m/s) and fill porosity at 

level (40%). 

2. Improvement in Effectiveness of counter flow FRP 

cooling tower is 0.22 after taking inlet water flow rate 

2.0 kg/s, inlet air rate 2.6 m/s and fill porosity 40%. 
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