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I 

Abstract 

Gaseous exhaust of different industries contains harmful particles such as 

dust or soot (unburned carbon) that can be dangerous for the environment. 

Electrostatic precipitators are used in industries to remove such harmful 

particles before its release into the atmosphere. Electrostatic precipitators are 

designed to remove more than 99% of the particles from the exhaust gases 

but there are many factors that can reduce the efficiency of an Electrostatic 

precipitator such as particle size distribution, velocity distribution, 

temperature skewness etc. This thesis evaluates the influcence of flow 

devices on temperature, flow, and particle distribution in an Electrostatic 

precipitator using computational fluid dynamics software Ansys CFX. With 

the introduction of well-designed and optimized flow devices, the 

temperature, flow, and particle distribution show a desired change and can 

hence positively influence the performance on an Electrostatic Precipitator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords: Electrostatic Precipitator, CFD, Ansys CFX, Simulation, Navier 

Stoke Equation.  



II 

Acknowledgments 

This project is a result of collaboration between Linnaeus University and 

General Electric Power. 

We would like to thank our supervisor at Linnaeus university and General 

Electric Power i.e. Dr. Martin Kroon and Ali Tabikh respectively for their 

support, help and guidance, without which the thesis would not have been 

completed. We would further like to extend our gratitude to our supervisor 

at General Electric Power for arranging Ansys CFX license and giving us 

complete and thorough guidelines to successfully complete this project. 

Finally, we wish to thank our parents who have supported us in every step of 

life. 



1 

Table of contents 

ABSTRACT ........................................................................................................................ I 

ACKNOWLEDGMENTS ................................................................................................ II 

LIST OF FIGURES ........................................................................................................... 2 

1. INTRODUCTION .......................................................................................................... 3 

1.1 THERMAL POWER PLANT ...................................................................................................... 4 
1.2 ELECTROSTATIC PRECIPITATOR (ESP) .................................................................................. 4 
1.3 AIM ....................................................................................................................................... 6 
1.4 HYPOTHESIS ......................................................................................................................... 6 
1.5 LIMITATIONS ........................................................................................................................ 6 
1.6 OBJECTIVES .......................................................................................................................... 6 
1.7 GENERAL STATEMENT OF APPROACH ................................................................................... 6 

2. THEORY ........................................................................................................................ 7 

2.1 FLUID MECHANICS ............................................................................................................... 7 
2.1.1 Governing Equations ................................................................................................... 7 
2.1.1 Reynolds Number ......................................................................................................... 7 

2.2 PARTICLE TRANSPORT THEORY ............................................................................................ 8 

3. METHODOLOGY ........................................................................................................ 9 

3.1 COMPUTATIONAL FLUID DYNAMICS (CFD) ......................................................................... 9 
3.1.1 Pre Processor ............................................................................................................... 9 
3.1.2 Solver: ........................................................................................................................ 12 
3.1.3 Post Processor: .......................................................................................................... 12 

4. RESULTS ..................................................................................................................... 14 

5. DISCUSSION AND CONCLUSION ......................................................................... 20 

REFERENCES ................................................................................................................. 20 

APPENDIX A ................................................................................................................... 23 

 

 

 

 

 

 



2 

List of Figures 

Figure 1. Simplified arrangement of an ESP in a thermal power plant ................. 3 
Figure 2. Overview of a Thermal Power Plant ...................................................... 4 

Figure 3. Electrostatic Precipitation Working Principle ........................................ 5 
Figure 4. Electrostatic Precipitator Geometry ..................................................... 10 
Figure 5. Meshed Electrostatic Precipitator ......................................................... 11 
Figure 6. Streamline Front view .......................................................................... 13 
Figure 7. Streamlines 3D View ............................................................................ 13 

Figure 8. Velocity Upstream Screen One ............................................................ 14 
Figure 9. Velocity Upstream Screen Two ............................................................ 15 

Figure 10. Velocity Downstream Screen Two ..................................................... 15 
Figure 11. Left Region Velocity Graph ............................................................... 16 
Figure 12. Center Region Velocity Graph ........................................................... 16 
Figure 13. Right Region Velocity Graph ............................................................. 17 
Figure 14. Particle Distribution Upstream Screen One ....................................... 18 

Figure 15. Particle Distribution Upstream Screen Two ....................................... 18 
Figure 16. Particle Distribution Downstream Screen Two .................................. 18 

Figure 17. Temperature Gradient for two Simulations ........................................ 19 

 

file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031345
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031346
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031347
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031348
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031349
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031350
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031351
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031352
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031353
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031354
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031355
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031356
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031357
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031358
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031359
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031360
file:///C:/Users/Hassam%20Rehmat/Desktop/Thesis%20Report.docm%23_Toc12031361


3 

1. Introduction 

Air Quality Control Systems (AQCS) are used in thermal power stations to 

reduce the exhaust gas emission of harmful substances such as soot 

(unburned carbon) or dust into the atmosphere [1]. AQCS consists of 

Electrostatic precipitators (ESP) that removes the harmful particles by 

charging them with a high voltage and collecting it on the metal plates [2]. A 

simplified arrangement of an ESP of an AQCS can be seen in the Fig 1 [3]. 

ESP consists of flow devices such as baffles, guide vanes, perforated plates 

etc. The upstream ductwork in the ESP is designed to achieve uniform 

velocity profile at the ESP inlet funnel. The behavior of ESP perforated 

plates is known to create uniform velocity profile [4] but the temperature 

profile, change in pressure and particulate distribution on the perforated 

plates is still unknown. A better understanding of ESP perforated plates can 

result in cost optimization of ESPs by replacing the ductwork upstream with 

a simpler ductwork. 

  

Figure 1. Simplified arrangement of an ESP in a thermal power plant 
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1.1 Thermal Power Plant 

Thermal power plants (Figure 2 [5]) are widely used to convert thermal 

energy i.e. the heat source into electrical energy. The source required for the 

creation of thermal energy can vary but almost all the thermal plants consists 

of a steam driven turbine [6]. Water is heated at a very high temperature, 

usually around 540 °C to convert it into steam which is then passed through 

a series of steam turbines connected to electric generators. The rotation of 

the steam turbines coverts mechanical energy into electrical energy, and 

hence the production of electricity. After passing through steam turbine, the 

steam is then passed through a condenser to lower its temperature and then it 

is recycled for this process [7]. 

1.2 Electrostatic Precipitator (ESP) 

ESP is a filtration device used in the AQCS of a thermal power plant for 

purification of the gas before it is released into the atmosphere. The gas 

passing through the thermal power plant contains aerosol particles which can 

be harmful to environment so therefore it is purified using the electrostatic 

precipitation method. 

Figure 2. Overview of a Thermal Power Plant 
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ESP is an equipment which utilizes electric forces to separate suspended 

particles from gases. The particles are charged by means of high-voltage 

corona which is usually established between an electrode of high voltage 

and a plate of ground potential. Particles passing through the corona field are 

subjected to intense bombardment by negative ions and become heavily 

charged. The charged particles are accelerated to the collecting plates and 

captured. 

ESP typically consists of discharge wire and two electrodes, as shown in 

Figure 3 [8]. There are many factors that can affect the efficiency of an ESP 

such as the shape, size and arrangement of the electrodes, the porosity of the 

perforated metal plate, particle size distribution, particle distribution across 

the fields, particle properties, charge distribution, flow distribution [2] etc. 

High dust concentration, velocity distribution, and temperature skewness 

can reduce the performance of ESP. 

 

 

 

 

 

Figure 3. Electrostatic Precipitation Working Principle 
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1.3 Aim 

To evaluate the influence of flow devices on the particle, flow and 

temperature distribution in an electrostatic precipitator. 

1.4 Hypothesis 

Flow devices positively influence the particle, flow and temperature 

distribution in an electrostatic precipitator 

1.5 Limitations 

Due to the limited resources, a single full-scale ESP model and no electrical 

force field would be considered for the study.  

1.6 Objectives 

The objectives of this thesis are to determine the effects on the following 

parameters by the introduction of flow devices in an electrostatic 

precipitator:  

• Temperature 

• Velocity 

• Particle Distribution 

 

1.7 General Statement of Approach 

To perform the fluid flow simulation, the following steps will be carried out: 

• ESP Geometry meshing 

• Solving the model and running simulations in ANSYS CFX 

• Comparison of temperature, velocity, and particle distribution between 

the simulation results obtained from ANSYS CFX 
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2. Theory 

In this chapter a brief theory that would be used in this project is introduced. 

2.1 Fluid Mechanics 

A fluid is a substance that is unable to support shear stresses [9], though in 

reality they can withstand some because of viscosity [10]. The study of fluid 

is called fluid mechanics and for this project its sub discipline fluid 

dynamics will be studied. 
 

2.1.1 Governing Equations 

Fluid flows are well described by Navier Stokes equation because they 

describe the relation between momentum, pressure and viscous forces in a 

fluid [11]. The momentum equation (2.1.1), continuity equation (2.1.2) and 

the energy equation (2.1.3) are given below [12]:  

∂(ρ𝑢)

∂𝑡
+

∂(ρ𝑢2)
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∂(𝑢𝜏𝑥𝑦+𝑣𝜏𝑦𝑦+𝑧𝜏𝑦𝑧)

∂𝑦
+
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∂𝑧
)                          2.1.3 

The momentum equation, one in each coordinate direction, along with the 

energy and continuity equation will be used in this project as the governing 

equations of motion of an incompressible fluid in fluid dynamics. 
 

2.1.1 Reynolds Number 

It is a dimensionless quantity used in fluid mechanics used to help predict 

the fluid flow patterns which can either be turbulent or laminar [13]. At a 

low Reynold number, the fluid would have a laminar flow i.e. the fluid 

layers would slide past each other in an orderly fashion but when the 

Reynolds number of a flow is above a certain critical value the flow 

becomes turbulent [14]. 
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2.2 Particle Transport Theory 

Particle transport modelling is a type of multiphase model in which the 

particles in a fluid flow are tracked in Lagrangian way and the complete 

particulate model is modelling by just using a sample of individual particles 

[14]. Consider a discrete particle travelling in a continuous fluid medium. 

Particle acceleration is affected because the particles have a few forces 

acting upon it due to the difference between velocity of the fluid and particle 

and due to the displacement of the fluid due to the particle. The equation of 

motion for such particles, derived by Basset, Ossen and Boussinesq, is given 

below: 

𝑚𝑃
𝑑𝑈𝑃

𝑑𝑡
= 𝐹𝐷 + 𝐹𝐵+ 𝐹𝑅+ 𝐹𝑉𝑀 + 𝐹𝑃 + 𝐹𝐵𝐴 

where: 

𝐹𝐷   =  drag force acting on particle 

𝐹𝐵  = buoyancy due to gravity 

𝐹𝑅  = forces due to domain rotation 

𝐹𝑉𝑀  = virtual mass force 

𝐹𝑃  = pressure gradient force 

𝐹𝐵𝐴  = basset force 

We would only consider drag force on the particles and the buoyancy and 

neglect the remaining forces as they have very little effect on the solution. 
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3. Methodology 

3.1 Computational Fluid Dynamics (CFD) 

CFD is a branch of computational mechanics that uses applied mathematics, 

physics and computational software to visualize fluid flow inside or around 

a body [15]. It is based on Navier-Stokes equation and these equations 

describe how are the velocity, pressure and temperature related [16]. 

CFD is widely used to simulate flows in a virtual environment due to its 

high numerical accuracy in fluid flow simulation [17]. It is also a less 

expensive method to study fluid flow since the simulations help to evaluate 

proposed design without manufacturing the complete system. One of the 

commonly used CFD software for flow calculation is ANSYS CFX because 

it contains a variety of physical modelling capabilities to model most kinds 

of flow situations encountered in engineering [12]. 

CFD simulations are usually performed by powerful computer in three 

major steps namely pre-processor, solver and post processor [18]. The 

computer used for the CFD simulations in this research has 32 logical cores 

and 128 GB of RAM. 

 

3.1.1 Pre Processor 

The initial step for performing a simulation is the pre-processor in which the 

geometric model is set up. Following steps are performed in a pre-processor: 

a. Creation of a geometry: 

Depending on whether the problem geometry is two or three 

dimensional, the geometry consists of creating lines, areas or volumes. 

The geometry used in the simulations along with its mentioned parts is 

shown in Fig 4. It has a single inlet and outlet, collecting plates for 

particle collection, and flow devices (upper guide vanes, lower guide 

vanes, baffles, outlet plates and two perforated screens). The geometry 

faces were assigned specific names according to their required functions 

for easy identification and to assign different meshing properties. 

Since the geometry was provided by General Electric Power, no 

modifications or changes were carried out in the provided geometry. 
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b. Defining materials: 

A material is defined by its material properties; therefore, every element 

must be assigned a material. For the simulation only two materials need 

to be defined with properties, namely air and particles. Air has been 

defined as ideal gas as per the CFX library and the properties assigned to 

the particles (soot) are given in Table 2. 

 
Table 1. Soot Properties 

Buoyancy Reference Density 8.4e-1 kg/m3 

Gravity X Component 0.00 m/s2 

Gravity Y Component -9.81 m/s2 

Gravity Z Component 0.00 m/s2 

 

Figure 4. Electrostatic Precipitator Geometry 
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c. Mesh creation of the geometry:  

The problem is discretized with nodal points. The nodes are connected to 

form finite elements, which together form the material volume. A 

meshed image of the created geometry is shown in Figure 5. 

Creating an appropriate mesh is the foundation of engineering 

simulations. A refined mesh can lead to better results, but a highly 

refined mesh means that the geometry contains millions of elements 

which will significantly increases the computation time whereas a coarse 

mesh can give inaccurate results [19].  

 

Meshing had been initially performed on a smaller model to find the 

accurate mesh for the simulation. Various attempt were made to find the 

correct element size, face sizing, inflation etc., to determine solution 

convergence. It was observed that after selecting appropriate meshing 

details, the result would converge and further refinement of the mesh 

would have little to no effect on the result but would require very long 

computational time to solve the simulation. Nonetheless, the total 

number of elements for the simulation surpassed 100 million elements. 

The complete mesh details of the ESP are given in Appendix A. 

Figure 5. Meshed Electrostatic Precipitator 
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d. Boundary Conditions: 

Boundary conditions are required for the solving the simulations as it 

defines the entry and / or exit conditions for the simulations. The 

following conditions have been defined at the inlet and outlet: 

Inlet:  Velocity   = 15 m/s 

  Temperature  = 403-443 K 

  Particles  = 30,000 

  Particle mass flow rate = 7.2 kg/s 

Outet: Static Pressure = 0 Pa 

The boundary wall is taken as the domain boundary. The flow devices 

(upper & guide vanes, baffles, screens, outlet plate & collective plates) 

are further introduced as inside walls to regulate the fluid flow inside the 

ESP. 

 

3.1.2 Solver: 

The solver solves the entire problem by gathering all the required 

information such as fluid properties, geometric characteristics (wall, inlet, 

outlet) etc. and the whole geometry is numerically solved. The solver goes 

through the created meshed model and solves the mathematical equations for 

each of the nodes. 

 
3.1.3 Post Processor: 

Post processing is the part of the analysis process that involves reviewing 

and interpreting the results from the solver. A few decades ago, the solver 

would give reams of paper with numbers and that would have to be 

manually reviewed to understand the results [12]. With the help of a modern 

computers and post processing software, the results can be visualized and 

relatively easily interpreted. Images of post process showing streamlines for 

the two simulations, with and without the lower guide vanes, are shown in 

Figure 6 and Figure 7. The images on the left side would be of the 

simulation with the lower guide vanes and the images on the right side 

would be of the simulation without the lower guide vanes. 
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Figure 7. Streamline 3D view 

 

 

Figure 6. Streamlines Front View 
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4. Results 

This chapter contains the results for the two simulations performed with side 

by side comparison of the obtained results. All the results displayed in these 

chapter follow the same pattern i.e. the images on the left side would be of 

the simulation with the lower guide vanes and the images on the right side 

would be of the simulation without the lower guide vanes. Also, the 

comparison graphs would display blue line and red lines for simulations 

with and without lower guide vanes respectively.  

The results have been obtained in two ways. Firstly, by taking section along 

different planes along the ESP and then by taking line graphs on different 

parts of those section planes. Sections have been obtained from three 

positions: 

a. Upstream First Screen 

b. Upstream Second Screen 

c. Downstream Second Screen 

The result for the velocity profile is shown in Fig 8, Fig 9 and Fig 10. 

 

 

 

 

 

Figure 8. Velocity Upstream Screen One 
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It can be seen that upstream screen one, the velocity profile is different 

between the two simulations. As the flow passes through the first screen and 

upstream screen two, the velocity profile has a slight resemblance, but it is 

slightly higher in certain areas for the simulation without the lower guide 

vanes. Finally, after passing through the second screen the differences are 

further reduced but the difference in peak velocity is greater for the 

simulation without the lower guide vanes.  

To further understand the result, a line is drawn in the left region for three 

section planes and a graph is plotted with Height Y vs Velocity/Average 

Velocity. The line graph for the left, center and right region of the three 

section planes respectively is shown in Fig 11, Fig 12 and Fig 13. 

For Fig 11, it is observed that upstream screen one, two regions which share 

similar velocity profile and two regions with different profiles. Upstream 

screen two, the values in upper region vary from one another and these 

variations are reduced in the lower region. Downstream screen two, the 

differences are minimized throughout the region. 

Figure 9. Velocity Upstream Screen Two 

Figure 10. Velocity Downstream Screen Two 
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Figure 11. Left Region Velocity Graph 

Figure 12. Center Region Velocity Graph 
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In Fig 12. Upstream screen one and screen two, the pattern resembles one 

another but the fluctuations vary. Downstream screen two, the pattern still 

resembles but the fluctuations between the results is reduced. In fig 13. 

while going through the ESP, the velocity profile in the right region 

resembles one another. 

 

The result for particle distribution for the two simulations is compared by 

taking sections along the plane i.e. upstream plane one, upstream plane two 

and downstream plane two. These results can be seen in Fig 14, Fig 15 and 

Fig 16. Before passing through the first screen, the particle distribution is 

spread around all regions in the first simulation whereas in the second 

simulation, it is mostly concentrated in the lower region. After passing 

through the first screen, the particle distribution is more evenly spread for 

the first simulation where as it is still concentrated in the lower region for 

the second simulation. After passing through the second screen, particles 

distribution can be seen more on the center and around the sides of plane in 

the first simulation where its concentration has increased in the lower region 

for the second simulation. 

 

Figure 13. Right Region Velocity Graph 
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Figure 14. Particle Distribution Upstream Screen One 

Figure 15. Particle Distribution Upstream Screen Two 

Figure 16. Particle Distribution Downstream Screen Two 
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The temperature has been measured in rather simple way. Temperature 

gradient values had been obtained throughout the ESP to visualize how the 

distribution varies for both the simulations along the ESP. As shown in 

Figure 17, the temperature value at the inlet is similar for both the 

simulations as its value has been defined in the boundary condition. While 

going through the ESP, there are only slight differences in the temperature 

gradient until downstream screen two but the differences slight increases at 

the ESP outlet. 

 

 

 

 

 

 

 

 

 

Figure 17. Temperature Gradient for two Simulations 
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5. Discussion and Conclusion 

The most important part was to assess what is the effect of the flow devices 

on velocity, temperature and particle distribution in an ESP as it can be used 

as a tool to design an efficient ESP which would not only result in cost 

reduction but would also be a more efficient ESP.  

The velocity profile has been studied in detail along the ESP and it was 

observed that if we do not introduce the lower guide vanes, there are some 

regions in which the velocity profile is slightly higher. This is usually not 

desirable as it can influence the particle distribution as a higher velocity 

would not charge some of the particles and it would take these dust particles 

along with it and will release it into the atmosphere, hence a lower efficiency 

of the ESP. 

The temperature gradient for the two simulations is rather similar and has 

minor changes as it passes through the ESP which implies that the flow 

devices i.e. the screens have very little effect on the temperature variation. A 

higher temperature gradient can influence the particle distribution but since 

the flow devices has a minor effect on the temperature gradient, it doesn’t 

affect the particle distribution with respect to temperature. 

The particle distribution is the most important factor as the ESP efficiency is 

defined by how well the particles are distributed and how much of these 

particles are trapped and removed by the ESP. It was clearly observed that 

by the introduction of lower guide vanes, the particles were more evenly 

distributed along the section planes hence implying that it plays an important 

role in particle distribution. 

All these results, however, showed a common factor that after passing 

through the ESP screens, the differences between the two simulations was 

reduced. Hence it can be concluded that well designed ESP screens can 

reduce the requirement for flow devices upstream and it could lead to higher 

cost reduction and efficiency of the ESP.  
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Appendix A 
 

Mesh 

 

Object Name Mesh 

State Solved 

Display 

Display Style Use Geometry Setting 

Defaults 

Physics Preference CFD 

Solver Preference CFX 

Element Order Linear 

Element Size Default (3,2741 m) 

Sizing 

Use Adaptive Sizing No 

Growth Rate Default (1,2) 

Max Size Default (6,5482 m) 

Mesh Defeaturing Yes 

Defeature Size Default (1,6371e-002 m) 

Capture Curvature Yes 

Curvature Min Size Default (3,2471e-0002 m) 

Curvature Normal Angle Default (18, °) 

Capture Proximity No 

Bounding Box Diagonal 65,482 m 

Average Surface Area 0,61853 m2 

Minimum Edge Length 2,6953e-002 m 

Quality 

Check Mesh Quality Yes 

Target Skewness Default (0.9000000) 

Smoothing Medium 

Mesh Metric None 

Inflation 

Use Automatic Inflation None 

Inflation Option Smooth Transition 

Transition Ratio 0,77 

Maximum Layers 5 

Growth Rate 1,2 

Inflation Algorithm Pre 

View Advanced Option No 

Statistics 

Nodes 3761538 

Elements 10061635 
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Mesh Controls 

 

Object Name Body Sizing Face Sizing 

State Fully Defined 

Scope 

Scoping Method Geometry Selection Named Section 

Geometry 6 Bodies  

Named Section  Perforations 

Definition 

Suppressed No 

Type Element Size 

Element Size 0,1 m 8, e-002 m 

Advanced 

Defeature Size Default (1,6371e-002 m) 

Behavior Soft 

Growth Rate Default (1,2) 

Capture Curvature No 

Capture Proximity No 

 


