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ABSTRACT
Particulate matter emission is one of the major air pollution problems of processing industries. The fine particles are considered potentially hazardous to health because of their high probability of deposition in deeper parts
of the respiratory tract. Electrostatic precipitators are most common, effective and reliable particulate control
devices, which handles large gas volumes with a wide range of inlet temperatures, pressures, dust volumes and
acid gas conditions. Its performance is significantly affected by its complex flow distribution. Here the scope
of the project is flow performance improvement of ESP for the existing model and improving settling efficiency of industrial ESP system using CFD. Generally in ESP, the collection efficiency is governed by the following reasons. High velocity regions, recirculation region, particulate reentertainment (due to swirling, mixing
with already deposited particles). In this project, a novel approach is tried to avoid the above stated problems.
This may be tried out, by introduction of porous plates in the ESP model. Also baffles and porous plates are used
for the design modifications of the industrial ESP system. In the modern day design process CFD is found to be
reliable as good as experimental studies. It provides a good way to increase the insight and foresight of any
industrial problems. Here CFD is used as a tool to improve the performance of ESP.
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INTRODUCTION

from the collecting surface to the hopper,
Particle Removal - Conveying the particles from
the hopper to a disposal point. The fundamental
principle of operation of an ESP is that the
particles are passed through an electrical field
where they receive an electrical charge. Charged
particles are then deflected across the field and
collected on a grounded plate.
In many industrial plants, particulate matter created in the industrial process is carried as dust in
the hot exhaust gases. These dust-laden gases
pass through an electrostatic precipitator that collects most of the dust. Cleaned gas then passes
out of the precipitator and through a stack to the
atmosphere. Precipitators typically collect 99.9%
or more of the dust from the gas stream.
Precipitators function by electro statically charg-

An electrostatic precipitator is a large, industrial
emission-control unit. It is designed to trap and
remove dust particles from the exhaust gas
stream of an industrial process and removes
particles from the exhaust gas stream of an
industrial process. Six activities typically take
place: Ionization - Charging of particles,
Migration - Transporting the charged particles to
the collecting surfaces, Collection - Precipitation
of the charged particles onto the collecting surfaces, Charge Dissipation - Neutralizing the
charged particles on the collecting surfaces,
Particle Dislodging - Removing the particles
*Author for correspondence
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ing the dust particles in the gas stream. The
charged particles are then attracted to and
deposited on plates or other collection devices.
When enough dust has accumulated, the
collectors are shaken to dislodge the dust, causing it
to fall with the force of gravity to hoppers below.
The dust is then removed by a conveyor system
for disposal or recycling. Depending upon dust
characteristics and the gas volume to be treated,
there are many different sizes, types and designs
of electrostatic precipitators. Very large power
plants may actually have multiple precipitators
for each unit. Plate-type electrostatic precipitators
can treat high gas flows obtained from various
burning processes, but their price is high. These
costs depend mostly on the number of fields. An
analysis was performed using experimental data
collected from different plate-type electrostatic
precipitators in a thermo electric plant. The high
frequency sources can be used for supplying the
ESPs inlet fields1. the avoidance of the reentrainment phenomena, when shaken the fields
and minimizing there verse Corona effect during
the fields voltage supply and the influence of the
atmospheric relative humidity level (RH) on the
collection efficiency of a wire-to-plane electrostatic precipitator2. The experiments were
performed with incense smoke particles having a
mean size of about 0.28 m. An aerosol spectrometer was employed for characterizing the
size distribution of these particles at case of positive and negative polarities have been under consideration. For given atmospheric conditions, the
results obtained with the aerosol spectrometer
show that the performances of the ESP increases
with the applied voltage (range: 10 to 40 kV) and
the particle diameter (range: 0.2 to 0.7?m). The
collection efficiency is higher at increased RH.
The collection efficiencies have been shown to be
higher with negative corona discharge and when
the RH is increased. However, the difference
between the two polarities becomes minor at high
RH. The performances of the ESP are improved
at elevated humidity probably due to the
enhancement of the particle more effective than
the positive one. However, the difference
between the two polarities becomes minor at high
RH. Charging in the inter-electrode gap on one
hand and the particle cohesively on the collecting
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electrodes on the other hand. More investigations
are necessary to understand the effect of RH on
particle charging in the presence of the diffusion
mechanism. At present, particle velocity fields
inside the ESP are under investigation using
Particle Image Velocimetry (PIV). The main
objective of this ongoing study is to analyze the
effect of RH on the ionic wind generated inside
the ESP and the consequences on the particles
trajectories. Cheaper flexible polypropylene fiber
and Terylene fabrics as substitutes for typical collection electrodes to save energy and structural
materials and to solve the adverse impacts caused
by wet flue gas desulfurization (WFGD) and
selective catalytic reduction (SCR) systems at the
same time3. The characteristic of flexible collection electrodes used in this work, an experimental setup and a pilot scale unit had been illustrated. And then, contrastive distribution of non-uniform air velocity zones was investigated by a
CFD model. Finally, the removals of coal-fired
pollutants including acid aerosol, ammonia
aerosol, slurry droplets, PM10 were performed in
new wet ESPs with different assembled modes,
as well as to quantify the key properties of flexible collection electrodes. The results show that the
new wet ESPs were consistent with the conventional behavior of typical ESP using a thimble
full of water penetrating flexible collection electrodes via capillary flow. Performance of flexible
collection electrodes were measured to exceed
that of fiberglass reinforced plastics (FRP), the
discharge characteristic of barbed wires was
superior to that of diamond-shaped corona wires.
The new wet ESP device acts in synergy with
WFGD and SCR systems for controlling coalfired pollutants emissions. In the study, the
removal of several coal-fired pollutants by wet
electrostatic precipitators with flexible collection
electrodes was analyzed. The primarily results are
as follows: The new ESP was consistent with the
behavior of typical ESP at lower water addition
rate. The primary air flow distribution becomes
more
uniformly and non uniformity reduces
obviously via deflectors. The collection efficiencies by flexible collection electrodes reached
96.6%, 86.72%, 94.2% and 96% for controlling
acid aerosol, ammonia aerosol, slurry droplets
and PM10 emissions under certain conditions
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which is superior to the FRP, and the discharge
characteristic of barbed wires was measured to
exceed that by diamond-shaped corona wires.
Electrostatic-bag precipitator which was
outfitted with large-scale thermal power units in
coal fired power plant4. Analysis the technological
economical and environmental benefit of dust
collection efficiency, resistance, technology
maturity, investment, operating maintenance cost
and so on, which provided reference evidence for
power plant adopting electrostatic-bag precipitator. Electrostatic-bag precipitator has good suitability in mechanics. It is mature and feasible in
technique complementing with large-scale thermal power units. Recommend coal-fired power
plant using electrostatic-bag precipitator whose
economical efficiency is fitting and environmental benefit is improved and collection of low
resistive particulate matter (PM) generated from
marine and automobile diesel engines have been
known to be difficult by conventional electrostatic precipitators5. The collection efficiency for
three types ESPs, namely, the conventional dcenergized ESP, the trapezoidal waveform-energized ESP (TW ESP), and the electro hydro
dynamically assisted ESP (EHD ESP) were
investigated. Low resistive PMs are detached
from the collection plate by the electrostatic
repulsion force caused by induction charge
resulting in particle reentrainment. The EHD ESP
utilizes ionic wind combined with an electrostatic force to transport the charged particles into the
zero electric field zone (pocket zone) attached to
the collection plate effectively. The conventional
dc-energized ESP showed good collection efficiency for particle sizes less than 300 nm where
adhesion force was dominated over electrostatic
repulsion force but showed a severe re entrainment for particle sizes greater than 1000 nm,
while the TWESP suppressed the particle re
entrainment for larger particles but still showed
negative collection efficiency. On the other hand,
the EHD ESP showed an excellent collection
efficiency for particle sizes up to 1000 nm and a
significant reentrainment suppression was
observed even for particle sizes greater than 2000
nm. Wet electrostatic precipitator for control of
fine aerosol from humid effluent gases6. It operates on the principle of unipolar particle charging
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in a dc corona discharge in a high-velocity (> 20
m/s) ionizing stage and aerosol precipitation in
the low-velocity (< 3 m/s) collection stage under
the field of the particle's own space charge. The
high gas velocity in the ionizing section diminishes the corona suppression at high particle
number concentrations of H 2SO4 and HCl
aerosol7, Effective CO2 absorption technologies
require high efficiency gas cleaning technologies
to remove impurities in the flue gas upstream of
the CO2 absorption stage. In addition, demands
are increasing for capture of respirable submicron particulate, mercury and sulfuric acid
mist from power generation plants. Wet electrostatic precipitator (WESP) technology was originally developed for fine particulate and sulfuric
acid mist capture. A demonstration-scale WESP
can be used to obtain design data such that a fullscale unit can be designed for a particular CO2
absorption reagent with a high degree of accuracy8.
A variety of technologies exists for the removal of
particulate and gaseous contaminants from
process exhaust gases. Focused research and
development has produced particulate and acid
gas emissions control technologies that are capable of meeting the most stringent control requirements. This paper will discuss several emission
control technologies in use today, and present case
studies relevant to these applications. This precipitator is a dramatic departure from the tried and
true convention of using dry precipitators in this
industry. This unit has shown that it is capable of
operating below modern emission standards and
coupled with the fact that it handles wet flue gas
rather than dry gas, it is capable of removing additional water-soluble materials along with particulate. The initial problem of haze resulting in an
unacceptable number of public complaints has
been rectified. The boiler is now operating at full
loads without additional auxiliary fuel to control
discharge opacity. Salt content of the waste wood
fuel is not a concern. Flow Distribution inside an
Electrostatic Precipitator: Effects of Uniform
and Variable Porosity of Perforated Plate, a
numerical flow model to a 3D geometry of an
electrostatic precipitator (ESP). The flow simulation is performed by using the computational
fluid dynamics (CFD) code FLUENT 9.
Realizable k- model for turbulence condition
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inside the ESP is applied. In the simulation, the
perforated plates are modeled as thin porous media
of finite thickness with directional permeability.
Perforated plates with both uniform porosity and
variable porosity are considered for simulation.
The results of the simulation are discussed and
compared with on-site measured data supplied by
the local power plant. The study shows that the
variable porosity of perforated plate is effective
to achieve uniform flow distribution inside the
ESP. Study of such three dimensional flow gives
a good prediction on the effects of flow distribution on the particle residence time inside the ESP.
This model can be useful in identifying options
on operation and maintenance improvement
activities by ESP tuning, optimizing flow distribution, field charging and rapping cycles and
necessary plant modifications, various particulate
emission control strategies that can be employed
for Municipal Solid Waste (MSW), Municipal
Sewage Sludge, and Industrial Waste Incineration
facilities10. An example will be given of a particulate control installation that successfully cleans
off-gases from an incinerator at a large photographic products plant. Data supporting a theoretical model of Wet Electrostatic Precipitator
(WESP) performance at a reduced flow will be
presented. It is proposed this model could be used
in adjusting EPA reporting parameters for
reduced plant operation for wide range of
Reynolds and Electrohydro dynamic numbers,
and their influence on the dust particle collection
efficiency, the Particle Image Velocimetry measurements of the flow velocity fields in a wireplate type electrostatic precipitator (ESP) with a
single negatively polarized wire were analyzed
The results show that the dust particle collection
was influenced by Electrohydro dynamic (EHD)
which is an integrated multi pollutant control
process that achieves major reductions in emissions of sulfur dioxide (SO2), nitrogen oxides
(NOx), fine particulate matter (PM2.5), and mercury (Hg). The unit has demonstrated ECO's performance, reliability, and economics in a commercial configuration. Fertilizer co-product from
the process has been sold commercially, exhaust
gas from diesel cars has caused serious air pollution in urban areas. In this study, electrostatic
precipitator (ESP) was investigated, with atten-
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tion to suppress abnormal reentrainment for conductive diesel particles11. A dust pocket has been
developed, consisting of a metal mesh backed
with a barrier discharge electrode. It was installed
downstream of the collecting electrode.
Conductive particles touching to the mesh of the
dust pocket are pulled into the high electric field
region, and are oxidized by the barrier discharge.
The experimental results indicated that the deterioration of the collection efficiency due to dust
re entrainment could be suppressed, and the carbon particles were oxidized. The performance of
a wire-plate electrostatic precipitator in the
removal of particles with a wide particle size distribution12. The experimental rig utilized consisted of a set of three precipitators whose dimensions could be varied. It was observed that precipitator performance increased with an increase
in the gap between the collecting plates, which
resulted in a substantial increase in energy consumption per volume of cleaned gas. The experimental results show that an increase in duct width
(2s) resulted in an increase in collection efficiency, but also in a larger consumption of energy.
The basis of the occurrence of a geometrical pattern for the dust layer deposited in an electrostatic
precipitator. The physical phenomena leading to
such a deposit are characterized. The measurement of the current-density distribution on the
collecting plate shows that the dust layer pattern
is strongly correlated with this distribution, leading to two kinds of deposition: zones of dense
packing and zones of dendritic packing. Some
explanations about the observed pattern are proposed. The size distribution of the collected powder is determined for the two zones of collection
and as a function of the distance downstream
from the precipitator entrance. This analysis
reveals the existence of a clear difference in the
size distributions of deposited powder in the two
collection zones. A Deutsch-like model fairly
well accounts for the observed decrease of mean
diameter of the collected particles as a function of
the distance downstream from the precipitator
entrance. This paper describes a proven control
technology for the collection of fume and submicron particulate: the Wet Electrostatic
Precipitator (WESP)13. Wet Electrostatic
Precipitator has been proven effective for control
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of submicron-sized particulate and heavy metals
emissions from waste incinerators and woodfired power boilers. Other submicron emission
sources will also require effective control to be
applied. Benefits of the WESP for particulate
control include smaller physical equipment size
(since the gas stream is saturated), removal of
condensable matter, insensitivity of the WESP to
variations in particulate composition, and the
ability to control acid gas emissions where necessary at relatively low cost. Theoretical model of
electrostatic precipitator performance for collecting polydisperse particles presents a theoretical
model for predicting the collection performance
of an electrostatic precipitator (ESP) for polydisperse particles14 where the cleaning of air is to
increase the visibility index in highway tunnels15.
Particles floating in air in high way tunnels are
mainly carbon. Collection efficiency of a large
particle diameter in an ESP often decreases when
the ESP collects carbon particles which have low
electric resistance. Collection efficiency often
becomes negative in an experimental ESP. The
negative collection efficiency means that the particle concentration flowing downstream is greater
than that upstream in the ESP. This phenomenon
is explained as the re-entrainment of particles. In
this paper, experiments were carried out to investigate the cause of the decrease in efficiency of
particle collection of the ESP. The time characteristic of the collection efficiency and the distribution of particle size on the collection electrodes
were studied. Experimental results showed that
the decrease in the collection efficiency was
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caused by re-entrainment of particles during the
ESP operation. The effect of gas-flow velocity on
the collection efficiency of the ESP was also
investigated to study the cause of re-entrainment
phenomena. The result showed that there-entrainment phenomena depended on the gas-flow
velocity.

MATERIAL AND METHODS
High velocity regions: Flue gases that pass
through the duct will not have the same velocity
in all regions of the duct. This property of flue
gases will affect the settling efficiency of ESP.
So, the inlet and outlet of the duct is to designed
such that the uniform velocity distribution of
flue gases to be formed in all the regions of the
ESP. Improper Settling: The flue gases that pass
through the ESP will not be settled properly. This
problem is solved effectively by the proper
arrangement of collection electrodes inside the
duct. Recirculation Region: The recirculation
region of the flue gases that passes through the
chamber should be proper spaced. For this purpose, the collection plate spacing and the sectionalization of the duct is designed. An electrostatic precipitator is divided into a series of independently energized bus sections or fields (also
called stages) in the direction of the gas flow.
Precipitator performance depends on the number
of individual bus sections, or fields, installed.
Fig. 1. shows an ESP consisting of four fields,
each of which acts as an independent precipitator.
This design feature, called field electrical

Cell
Chamber 2

Field
1

Field
2

Field
3

Field
4

Chamber 1
Fig. 1 : Parallel sectionalization (with two parallel sections, eight cells, and four fields)
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sectionalization, allows greater flexibility for
energizing individual fields to accommodate
different conditions within the precipitator. This
is an important factor in promoting higher
precipitator collection efficiency.
Particulate Re entertainment: This effect is
caused by due to swirling, mixing with already
deposited particles in the collection electrodes.
By these actions of flue gases, the already
deposited particles further mixed with flue gases
and enrich the amount of dust particles in the
flue gases.
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ment to the distorted element to that of normal
element. The skewness of the element should
be within the range of 0 to 1. The former is the
best form of the element and the latter is the
worst element. The cleaned up model is used
for
surface meshing. Here the accuracy of
the cells are calculated. For surface meshing
quality of cells varies from 0 to 0.60 .
Maximum between 0 and 0.60 . For volume
meshing quality of cells varies from 0 to 0.80
. Maximum between 0.30 and 0.4. Then the
efficiency of each model is calculated. Among
the 6 types, "ESP system with different porous
plates in inlet (porous 1605) and Outlet (porous
9600)" gives the best settling efficiency of
97.88 % compared with the base model efficiency of 77.46 %. So, this model is recommended to the SPB LTD when they are doing
their plant modifications to get good settling
efficiency of their ESP systems.
The surface meshed model is used for creation of

RESULTS AND DISCUSSIONS
The surface mesh is created using the ANSA
software. The mesh element type considered
for this analysis is tri surface element. The
term skewness of the element defines the maximum distortion of the element. It can be given
as the difference in the angle of the normal ele-

Fig. 2 : Front View of ESP
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Fig. 3 : Plan of ESP

Fig. 4 : 3-D Model of Electrostatic Precipitator
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the volume mesh and before creation of the
volume mesh, the inlet and the outlet boundary
conditions are extended from the actual surface
for better clarity in setting of the boundary
parameters.The above model is considered for
the volume mesh and the volume mesh is
generated using the ANSA software. The
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tetrahedrons mesh elements are used here since
this is the complex geometry and this element can
produce high quality solutions. After creation of
the volume mesh, the mesh is corrected in the
contoured surfaces so as to avoid overriding of
the mesh elements and hence it affects the
quality of the solution

Fig. 5 : Topside Meshing

Fig. 6 : Meshing Sectional View
809
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Meshing
The suction is very low at the center cone
which is the mandatory condition for any
separator. This suction is the reason for the
separation. Here the lowest pressure at this
region is 1.92e3 Pa as expected shown in figure 5, the pressure drop increases with the gas
velocity, but the expected relation between
precipitator is not apparent for low liquid flow
rates. Generally the total pressure drop is more
sensitive to variations in gas velocity than
those in liquid low rate and that sensitivity
increases with the throat length. This shows
similar behavior. For low gas flow rates, the
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effect of liquid flow is very small, but as the
gas velocity increases the momentum
exchange between phase's increases and the
liquid influence becomes more evident. This
will enhance the separation of dust. The differences between the dust collector pressure
may be due to a higher percentage of liquid is
transported as droplets for a longer period of
time. Due to their contribution to the total
pressure drop, this may account for the difference between the static conditions. Therefore
the trends observed in the pressure drop, may
be related with the droplet formation
mechanisms

Structured Hex Meshing
Tool Name: ICEM-CFD
Face Elements: Hex quad Elements=12,70,648
Volume Elements: Hexahedron Elements=4,15,512

Fig. 7 : Volumetric Meshing shows that the Contours of Velocity Magnitude is decreased and it will
increase the settling efficiency of the ESP system
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Flow analysis
Here for our analysis purpose, boundary condi-
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tions are velocity at inlet =9.07m/sec outlet to
atmosphere.The software used Fluent 6.3.26.

Fig.8 : Dynamic Pressure of ESP shows that the dynamic pressure is high at inlet. At inside the duct
the dynamic pressure is low since at the inside of the duct the velocity is high

Fig. 9 : Static Pressure of ESP the static pressure is high in the inlet, moderate in middle and low in
the outlet. So, this design is better than the previous baffles design. The Turbulence Intensity of
ESP is reduced in the inlet due to introduction of porous plate,which,describes that at each cell the
direction of the movement of the gas flow. Here the curling action is reduced inside the chamfer, it
will increase the settling efficiency of the ESP system
811

Journal of Environmental Research And Development

Vol. 6 No. 3A, Jan-March 2012

Fig. 10 : Contours of Velocity Magnitude of ESP Shows that at each cell the direction of the
movement of the gas. Here we came to know that , recirculation of fluids is in upward
direction and also in downward direction
Velocity of the fluid particles are regular and definite direction of flow inside the scrubber and the
exact flow would be predict in the proposed
model of the wet scrubber as shown in ANSYS
FUENT software. This could be seen clearly
indicating as small arrow direction of flow in the
outline shape of wet scrubber as shown in below
would timely trapped by the springing of water
sprayed by the precipitator. Here at inlet and outlet Prism layer is formed. At inlet 25 layers are
formed and at outlet 20 layers are formed . The
purpose of forming prism elements are to capture
boundary layer with combination of tet mesh.
The total number of particles tracked, the total
no of particles trapped and the total number of
particles escaped are taken as results by using
"DISCRETE PHASE METHOD" (DPM).

Static Pressure of ESP : The static pressure is
low at inlet. At inside the duct the static pressure
is high since the inlet to chamber area acts as a
diffuser. The diffuser function is that its increase
the pressure from low to high. At inside the pressure is increased due to decreasing nature in
velocity.
Turbulence Intensity of ESP : The turbulence
intensity is high at inlet. Here, the air comes
from atmosphere to inlet. Due to swirling the turbulence intensity is high at inlet. So, we have to
make arrangements to avoid the turbulence
intensity inside the ESP.
Velocity vectors of ESP : Velocity vectors show
the direction of the movement of each cell in the
gas flow.
Contours of Velocity Magnitude of ESP : It
shows that high velocity region at inlet and outlet. This is the inverse of diffuser. At the axes of
inlet and outlet the contours of velocity magnitude is moderate and its low for other axis.

CONCLUSION
Dynamic pressure of ESP : The dynamic
pressure is high at inlet. At inside the duct the
dynamic pressure is low since at the inside of the
duct the velocity is high. At outlet the dynamic
pressure is low compared with inlet.
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