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Abstract 

 

Cooling towers make use of evaporation whereby some of the water is evaporated into a moving air stream and subsequently 

discharged into the atmosphere. As a result, the remainder of the water is cooled down significantly.The process parameters such 

as inlet air rate, water flow rate and fills porosity have more influence on Thermal performance of cooling tower. The Temperature 

of outlet water is maintained nearest to inlet air wet bulb temperature to obtain the best Thermal Performance of cooling tower. So 

current work is to obtain and maintaining outlet water Temperature nearest to inlet air wet bulb temperature. The cooling tower 

fill is the most critical component in the operation of the cooling tower. The function of the tower fill is to provide a maximum 

contact surface between the water and the air to promote evaporation and heat transfer. Cooling tower fill accelerates the transfer 

of heat from circulating water by maximizing the contact area between water and air. So inlet water flow rate, inlet air rate and fill 

porosity are important factor to maintain the outlet temperature of water nearest to inlet air wet bulb temperature. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

 Blow Moulding Process 

Blow molding is a manufacturing process by which hollow plastic parts are formed. In general, there are three main types of blow 

molding: extrusion blow molding, injection blow molding, and stretch blow molding. The blow molding process begins with 

melting down the plastic and forming it into a parison. The parison is a tube-like piece of plastic with a hole in one end in which 

compressed air can pass through. 

 The parson is then clamped into a mold and air is pumped into it. The air pressure then pushes the plastic out to match the mold. 

Once the plastic has cooled and hardened the mold opens up and the part is ejected. 

 
Fig. 1: Blow moulding machine 
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Fig. 2: Steps of Making Bottle 

 Cooling Tower Performance 

The important parameters, from the point of determining the performance of cooling towers, are: 

1) "Range" is the difference between the cooling tower water inlet and outlet temperature. 

2) "Approach" is the difference between the cooling tower outlet cold water temperature and ambient wet bulb temperature.  

3) Cooling tower effectiveness (in percentage) is the ratio of range, to the ideal range, i.e., difference between cooling water inlet 

temperature and ambient wet bulb temperature, or in other words it is = Range / (Range + Approach). 

4) Cooling capacity is the heat rejected in kCal/hr or TR, given as product of mass flow rate of water, specific heat and 

temperature difference. 

5) Evaporation loss is the water quantity evaporated for cooling duty. 

 
Fig. 3: Cooling Tower Performance 

*Evaporation Loss (m3/hr) = 0.00085 x 1.8 x circulation rate (m3/hr) x (T1-T2) 

T1-T2 = Temp. Difference between inlet and outlet water. 

6) Cycles of concentration (C.O.C) is the ratio of dissolved solids in circulating water to the dissolved solids in makeup water. 

7) Blow down losses depends upon cycles of concentration and the evaporation losses and is given by relation: 

Blow Down = Evaporation Loss / (C.O.C. – 1) 

8) Liquid/Gas (L/G) ratio, of a cooling tower is the ratio between the water and the air mass flow rates. Against design values, 

seasonal variations require adjustment and tuning of water and air flow rates to get the best cooling tower effectiveness  through 

measures like water box loading changes, blade angle adjustments. Thermodynamics also dictate that the heat removed from 

the water must be equal to the heat absorbed by the surrounding air: 

II. LITERATURE REVIEW 

Kloppers and Kröger [1] studied a detailed derivation of the heat and mass transfer equations of evaporative cooling in wet cooling 

towers. They presented these equations of the ε-NTU method applied to wet cooling towers. They gave a more detailed 

representation of the Merkel number. They described the differences in the heat and mass transfer analyses and solution techniques 

of the Merkel and Poppe methods with the aid of enthalpy diagrams and psychometric charts. 

Ronak Shah [2] Cooling towers offer an excellent alternative particularly in locations where sufficient cooling water cannot be 

easily obtained from natural sources or where concern for the environment imposes some limits on the temperature at which cooling 

water can be returned to the surrounding. Some techniques refer to different methods used to increase the thermal performance of 

cooling tower. The present paper is a detailed methodology for thermal design of cooling tower. The technical data is taken for 

Mechanical draft cooling tower. 

Ramakrishnan Ramkumar* and Arumugam Ragupathy [3], This study discuss the application of Taguchi method in assessing 

maximum cooling tower effectiveness for the counter flow cooling tower using expanded wire mesh packing. The experiments 

were planned based on Taguchi’s L27 orthogonal array .The trail was performed under different inlet conditions of flow rate of 
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water, air and water temperature. Signal-to-noise ratio (S/N) analysis, analysis of variance (ANOVA) and regression were carried 

out in order to determine the effects of process parameters on cooling tower effectiveness and to identity optimal factor settings. 

Finally confirmation tests verified this reliability of Taguchi method for optimization of counter flow cooling tower performance 

with sufficient accuracy. 

Jin-Kuk Kim, Robin Smith [4], Cooling water systems should be designed and operated with consideration of all the cooling 

system components because of the interactions between cooling water networks and the cooling tower performance. In re-

circulating cooling water systems, cooling water from the cooling tower is supplied to a network of coolers that usually has a 

parallel con1guration. However, re-use of cooling water between di3erent cooling duties enables cooling water networks to be 

designed with series arrangements. This allows better cooling tower performance and increased cooling tower capacity, both in the 

context of new design and retro1t. A methodology has been developed for the design of cooling networks to satisfy any supply 

conditions for the cooling tower. A model of cooling tower performance allows interactions between the performance of the cooling 

tower and the design of cooling water networks to be explored systematically.  

G.Gan, S.B.Riffat, L.Shao, P.Doherty [5] Computational fluid dynamics  is applied to predicting the performance of closed-wet 

cooling towers  for chilled ceilings according to the cooling capacity and pressure loss. The prediction involves the two-phase flow 

of gas and water droplets. The predicted thermal performance is compared with experimental measurement for a large industrial 

and a small prototype cooling tower. CFD is then applied to the design of a new cooling tower for field testing. The accuracy of 

CFD modeling of the pressure loss for fluid flow over the heat exchanger is assessed for a range of flow velocities applied in 

CWCTs. The predicted pressure loss for single-phase flow of air over the heat exchanger is in good agreement with the empirical 

equation for tube bundles. CFD can be used to assess the effect of flow interference on the fluid distribution and pressure loss of 

single- and multi-phase flow over the heat exchanger. 

Ali Reza Keyvani Boroujeni [6] An evaluation of applicable materials for an industrial cooling tower is presented in this study. 

Advantages and disadvantages of different sets of materials including reinforced concrete and Fiber-Reinforced Polymer 

Composites for cooling tower structure are discussed. After evaluating each material characteristic, the one case study of cooling 

tower is considered for cost estimation. The results showed that the FRP is best structural material for cooling tower construction 

mainly due to its superior performance in sea water corrosive environment.  

Velimir Stefanovic [7], the results of an experimental study on heat and mass transfer coefficients in packing of wet cooling 

towers, are presented.. The packing, used during experimentation, was made of parallel Plexiglas plates 5mm thick, with 40 mm 

distance between each other and 1200 mm in height, placed in a vertical 470×470 mm channel. During the experimentation the 

following quantities were varied: air flow velocity in the range 1,5-5 m/s and water flow rate in the range 2-3 m3/h. The variation 

of temperature along the height of packed was measured by means of 26 appropriate placed thermocouples. The obtained results 

are presented by means of diagrams.  

 There are many studies on the cooling towers to investigate the cooling tower performance. However, many of these studies are 

carried out in the theoretical studies and these studies must be validated by experimental studies. The main objective of this study 

is to investigate the performance of counter flow FRP cooling tower with different air and water flow rates as well as, with different 

water and air temperatures. 

III. METHODOLOGY 

 Problem Formulation 

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. But no one have considered the effect of fill porosity. Experimentally used to validate the result 

obtained by use of Ansys. We have used three different fill porosity models in Ansys to find out outlet temperature of hot water. 

Also we use taguchi method for optimization of cooling tower performance affected parameters with the help of portable Minitab 

software. The taguchi method reduces number of experiments to be performed and hence save time. 

 The work to be conducted is stated as “Performance Enhancement Of Induced Draft Counter Flow Wet Cooling Tower Of Blow 

Moulding Machine”. It involves the following main objectives 

1) To observe the effects of process variables on the outlet temperature of the water. Such as 1.inlet water flow 2.inlet air velocity 

3.fill porosity (packing density). For this following step needs to be perform (a) Modeling of cooling tower (b) effectiveness 

calculation (c) CFD analysis in ansys (d) Experimental reading for validation of ansys result (e) Optimization of effectiveness 

by Taguchi method. 

2) The effects of range and approach temperatures will be established from CFD analysis. 

3) To identify the conditions that make alternative capacity control methods for cooling towers cost effective. 

4) The optimization of tower based free cooling systems for energy consumption. 
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 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}. 

 Pre Processor 

Here current work pre processor is divided in three parts 

1) Prepare modal of cooling tower. 

2) Meshing 

3) Material Property and Boundary condition. 

All step are discuss below 

 Prepare Solid Model Cooling Tower:  

Here Cavity model of cooling tower made in Creo is convert in to STEP file and imported in ANSYS workbench. Fig shows the 

imported Cavity model of cooling tower in ANSYS workbench. 

 
Fig. 4: Cooling tower wire frame Cavity model 

 Meshing 

To do this, FEA software typically uses a CAD representation of the physical model and breaks it down into small pieces called 

finite “elements” (think of a 3-D puzzle). This process is called “meshing.” The higher the quality of the mesh (collection of 

elements), the better the mathematical representation of the physical model.    

ANSYS Workbench Simulation provides 2 forms of automated meshing: Fully automatic and Manually Directed Automatic. 

Both forms employ a fault-tolerant philosophy meaning that, if a problem occurs, at least 12 attempts of automatic trouble-shooting 

are made before the mesher fails and tags the area of difficulty with a label. Manually directed means that the user may specify 

meshing over rides on specific areas of a part (edge(s), face(s)) or the baseline mesh density on entire parts that differ from other 

parts within the assembly, either for accuracy or efficiency purposes. Workbench Simulation uses several primary element types 

and will default to high-order (10 node quadratic) tetrahedral (H) elements (SOLID 187 in ANSYS-Speak) for solid model 

geometries if they are not sweep able, in which case high-order (20 node) brick elements (SOLID 186) are employed. 

Here current work fully automatic meshing of cooling tower is done. The element chose for meshing by ANSYS is ten nodes 

tetrahedral shown in fig.4.10. This element is good for meshing in curvature area.  

Numbers of node and element use for meshing are listed in table 3.2.5 below.. 

 
Fig. 5: Meshing model of cooling tower 
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 Material Property And Boundary Condition 

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.   
Table - 2  

Properties of Materials 

Sr. no. Input condition Value 

1 Inlet temperature of hot water 315 K 

2 Inlet velocity of air 3.2 m/s 

3 Inlet air pressure 1.013 bar 

4 Inlet wet bulb temperature of air 303 K 

5 Fills Porosity 55 % 

6 Hot water flow rate kg/s 

 Solver 

This phase of FEA is automatically chosen by ansys no user interfere is needed. Here 100 iteration is run by ansys for solve current 

problem 

 Post Processor 

A select 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: 

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. 

Here temperature distribution shown figure. 

 
Fig 3.2.5.3: Temperature distributions in cooling tower 

 Comparison between Practical Reading and Ansys-CFD Analysis 

The practical value of Inlet and Outlet Hot Water Temperature are showing below.  
Table - 1  

Comparison between practical and Ansys reading (CFD) 

 Inlet Hot Water Temperature Outlet Hot Water Temperature 

Practical Reading 315 k 308K 

Ansys Result 315k 307.4K 

 This value is taken by temperature probe at Specified locations. From Ansys result and practical reading we can conclude that 

ansys result is in good agreement with the practical reading. This solid model reflects the practical set up and can be used further 

for different analysis. 

 Selection of Experiment Set up By Taguchi Method 

The Taguchi method involves reducing the variation in a process through robust design of experiments. The overall objective of 

the method is to produce high quality product at low cost to the manufacturer. The Taguchi method was developed by Dr. Genichi 

Taguchi of Japan who maintained that variation. He developed a method for designing experiments to investigate how different 
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parameters affect the mean and variance of a process performance characteristic that defines how well the process is functioning. 

The experimental design proposed by Taguchi involves using orthogonal arrays to organize the parameters affecting the process 

and the levels at which they should be varied; it allows for the collection of the necessary data to determine which factor, most 

affect product quality with a minimum amount of experimentation, thus saving time and resources. 

IV. CONCLUSION 

In this thesis, Production drawing of cooling tower obtained from DOLPHIN PLAST PVT LTD. From available production 

drawing solid model of FRP Cooling tower is prepared in Creo software. Software use calculation for effectiveness & heat transfer 

rate along with taguchi method for optimization of different parameters at different conditions in counter flow FRP cooling tower 

has been done. We are varying process parameters such as inlet water flow rate, inlet air rate, fill porosity at different condition of 

counter flow FRP cooling tower and we are getting different results of heat transfer rate & effectiveness. The analysis has been 

carried out using formula and supported by software.       
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