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 Abstract 
Electrostatic precipitators (ESPs) are well known particle separation devices used widely in several industries. It is found that 
applications of ESPs for gasification based power plants are not reported and there is no clarity on its performance in this 
environment. The gas output from the biomass gasifiers contains particulates, dust & tar (P&T) at a fairly low concentration 
levels of the order of a few PPM and still can be objectionable to applications and devices where the gas is used over a period of 
time. The current practice of having finer fabric filters work with a demand for higher O&M operations. In this context it is 
essential to bring the P&T to as lower level as possible so that the equipments using this in the downstream do not get affected. 
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1. INTRODUCTION 
Biomass gasification technologies have been developed and 
are in use commercially for since a few decades for 
production of liquid and gaseous fuels. Biomass gasification 
is a thermo-chemical process that converts bio-residues into 
gaseous components into a mixture of combustible gases 
composed of hydrogen and carbon monoxide, small fraction 
of methane and other inert gases and is called in general as 
producer gas. Gasification also is known to generate and 
carry through some quantities of undesirable materials like 
tar, particulates, carbon and ash that could if not removed 
from the producer gas lead to offer constraints in its use in 
some devices or allow for a clean combustion limiting its 
applications including high efficiency power generation, 
domestic and industrial utilities. 
 
A number of experiments were conducted to study the 
collection behavior of the ESP. The other important factor 
of the performance of ESPs was recognized to be having 
flow uniformity throughout the ESP device to see that the 
residence time for the gases are at their best. A simpler 
construction revealed un-uniform performance of the 
electrodes within the device, indicating the flow distribution 
playing a significant role. 
 
2. CFD SIMULATION OF ESP 
ESP geometry is modeled using Ansys 12 tools. The CFD 
package is subdivided into, pre-processor, solver and post-
processor.  

 
 
 

 Figure 1: steps involved in the CFX 
 
A. Pre-Processor 
Geometry: Computational fluid dynamics geometry 
formation and meshing functions add on to ANSYS CFX 
and contains required tools to modify an attached or 
imported model to suit the demands of a desired simulation. 
 
Meshing: Important boundary layer details is accurately 
captured by CFX-mesh. 
 
CFX-Pre: CFX-Pre can read one or more meshes from a 
various sources. Once meshes have been loaded, the user 
also has significantly greater flexibility in assigning meshes 
to domains. 
 
B. Solver 
1. CFX’s advanced Computational fluid dynamics solver 

technology, which uses coupled multigrid  and advanced 
numeric’s to deliver and accurate answers. 

2. The broad range of physical models available to solve 
specific application. 

 
 
 
 
 
 
   
 

 
 
 

Pre-processor 
Geometry 

Meshing 

CFX-pre 

Solver Post-processor 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 
 

_______________________________________________________________________________________ 
Volume: 05 Issue: 06 | Jun-2016, Available @ http://ijret.esatjournals.org                                                                      76 

3. The flexibility of CFX, which makes the    solver  easy 
to customize and integrate within engineering  
environment 

 
C. Post-Processor 
CFX post provides adjustable and exact quantitative post-
processing of CFX results. It enables the full power of the 
CFX execution language within the postprocessor, and  it 
continues with a range of post-processing distinct functions 
such as exact mass flow rate, area, length and volume-based 
integrals and averages of any quantity. Definitions can also 
be used to derive advanced variables for the presentation of 
user specified quantities. 
 
In the ESP model following parts were created  
1. Gas Inlet & Gas Outlet  
2. Inlet duct & Outlet duct 
3. Tubes 
4. Flow separators 
5. Baffle plates 
6. Curves 
 

Figure 2: Model of ESP in ICEM CFD 
 
3. PRE-PROCESSING OF ESP: 
This stage of CFD process involved meshing, solver setup 
and applying the boundary conditions. All the above 3 sub 

stages of pre-processing are explained as sub-articles as 
follows. 
 
A. Meshing 
Due to complexity of the geometry, unstructured mesh was 
considered for meshing. The following mesh parameters 
were considered for meshing 
1. Scale factor = 3 
2. Surface mesh size =3 
3. Curves Mesh size = 2 
4. Total no. of elements generated after meshing = 84 Lakhs  
A very fine mesh of the model was obtained. 
 
Mesh Report Generated by Ansys 
 Table 1 Mesh Information 

Domain  Nodes  Elements  
Default domain 1710047 8452737 

 

Figure 3: Meshed model of ESP in ICEM CFD 
 
B. Solver setup After meshing, the type of solver was selected for further 
numerical calculations. The following solvers were 
considered 
 Output Solver – Ansys CFX 
 Common Structural Solver – Ansys 
 
The solver file was saved for specifying the boundary 
conditions in CFX-Pre 

 
Table 2: Boundary Conditions 

Domain Boundaries 
Default Domain Boundary _Gas inlet 

Type  Inlet  
Location  Gas Inlet  
Settings 
Direction of flow Normal to boundary condition 
Flow region  Subsonic  
Momentum & Mass Mass flow rate 

Turbulence  Medium intensity and eddy viscosity ratio 
Boundary-Gas outlet 
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Type  Outlet  
Location  Gas Outlet  
Settings 
Flow regime  Subsonic  
Momentum & Mass Static pressure 
Relative pressure 0.000e+00[pa] 
   Boundary –default domain default 
Type  Wall  
Location  Inlet-duct, inlet-pipe, outlet duct, outlet-pipe 
Settings 
Momentum & Mass No slip wall 
Wall roughness Smooth wall 
Boundary wall 
Type  Wall  
Location  Baffles , flow-separators, tube 
Settings 
Momentum & Mass No slip wall 
Wall roughness Smooth wall 

 
4. POST PROCESSING 
The converged solution file was then opened using Ansys 
CFX-Post software. Gas flow is achieved through the ESP 
from velocity plots. 
 
From the below figure 4, without Baffle plates and flow 
separators the gas flow is not taking place in all the tubes 
uniformly throughout the length of ESP. 
 

Figure 4: Streamline flow in ESP without baffle & flow 
separators 

 
From the below figure 5, with Baffle plates helped in 
bringing uniform the gas flow in all the tubes throughout the 
length of ESP. 
 

Figure 5: Streamline flow in ESP 
 
A set of CFD simulations that lets to examine the uniformity 
of the flow structure and consequent geometrical fine-tuning 
for the flow paths was made with the required parameters. 
 
5. CONCLUSION 
Computational fluid dynamics gives an insight into flow 
structure that are problematic, costly or impossible to study 
using conventional (experimental) techniques. Flow 
simulation of Electrostatic precipitator has been done using 
the CFD and it can be seen that the flow has maintained 
uniform across the tube bundle. The CFD tool reduced both 
time and cost parameters as there was no need to physically 
fabricate baffle plates of different sizes and at different 
locations on the plate. 
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