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a b s t r a c t

The performance of electrostatic precipitator (ESP) is significantly affected by its complex flow distribu-
tion arising as a result of its complex inside geometry. In the present study the gas flow through an ESP
used at a local thermal power plant is modeled numerically using computational fluid dynamics (CFD)
technique to gain an insight into the flow behavior inside the ESP. CFD code FLUENT is used to carry
out the computations. Numerical calculations for the gas flow are carried out by solving the Reynolds-
averaged Navier–Stokes equations coupled with the k–e turbulence model equations. The results of the
simulation are discussed and compared with on-site measured data supplied by the power plant. The
predicted results show a reasonable agreement with the measured data. The model developed is a novel
tool for the thermal power plant to predict the effect of possible modifications made to the ESP design on
the flow pattern.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Over recent years the particle emissions from process industries
have been attracting more attention due to an anticipation of
upcoming strict environmental protection agency (EPA) regula-
tions. Industrial pollution can be controlled by energy recovery
and conservation [1], replacing conventional industrial processes
with continuous and energy efficient systems [2], or performance
optimization of the emission control devices [3]. Electrostatic pre-
cipitators (ESP) are the most common, effective and reliable partic-
ulate control devices which are capable of handling large gas
volumes with a wide range of inlet temperatures, pressures, dust
volumes and gas conditions.

The performance of ESP is affected by the fluid flow character-
istics inside this device wherein the shape, size and arrangement
of collection electrodes, baffles, deflectors, etc. significantly influ-
ence the flow field. But it is very difficult to carry out detailed
and reliable measurements of fluid flow inside an ESP as the geom-
etry is very complex. CFD provides an alternative method, which is
viable and less expensive to study the flow behavior inside the ESP.
A suitable CFD model plays an important role in predicting the flow
field characteristics and particle trajectories inside the ESP and
optimizing flow distributions within the ESP by simulating pro-
posed modifications. This ensures that the desired flow profiles
are achieved, thus substantially reducing the outage time. How-
ever, only a limited number of research works could be found in
the open literature for the prediction of turbulent flow behavior in-

side the ESP. Most of them are focused on 2D models based on sim-
plified geometrical arrangements and ignored the effect of sudden
expansion in geometrical configuration of an ESP. Zhao et al. [4]
developed a simple 2D model which consists of a single discharge
wire and two parallel plates. The 2D model developed by Skodras
et al. [5] consists of three-wires and two parallel plates arrange-
ments. Nikas et al. [6] simulated a 3D flow inside a laboratory scale
precipitator of three-wire and two-plate arrangements. Varonos
et al. [7] developed a 3D model and introduced smoothing grids
to improve the flow characteristic of an ESP. But they simplified
their model by introducing a porous region instead of creating
any physical collecting plates in their CFD model. The numerical
flow model of an ESP developed by Schwab and Johnson [8] re-
placed all the collection plates inside the ESP with equivalent resis-
tance. Gallimberti [9] also used local loss coefficients in the
governing equations to model the different wall profiles and other
structures inside the ESP. Bottner and Sommerfeld [10] predicted
turbulent flow in a test channel equipped with seven discharge
wires. Dumont and Mudry [11] made a comparative study on flow
simulation results obtained from different precipitator CFD
models.

The above studies were broadly dedicated to simulate fluid flow
inside the ESP with either simplified models or simplified geome-
tries. The accurate aerodynamic characteristics of the flow inside
an ESP in an operation may not be obtained without considering
all of its major physical details. The novelty of this study is to de-
velop a new 3D fluid flow model of a full scale ESP which considers
all of its major physical features. It is to be noted that all the col-
lecting electrodes (CE), baffles, gas deflectors, etc. are taken into ac-
count in this 3D model and have not been replaced by any
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equivalent porous region as other researchers have done in their
studies. A detailed numerical approach and simulation procedure
is presented to predict the flow behavior inside the ESP. The pre-
dicted results are compared with the on-site measured data. The
flow model developed has the potential to better predict the effect
of possible modifications and improvement in ESP design.

2. ESP geometry

The power station in this study has four power generating units
of 350 MW capacity each. Each unit has two single-stage, plate-
type, rigid-frame, cold-side and dry ESPs which are called pass A
and pass B. Each pass has two gas-paths covering four zones as is
shown in Fig. 1. The effective length, width and height of each cas-
ing are 30.36 m, 11 m and 13.1 m, respectively. The width and
height of the CE walls are 5.76 m and 12.5 m, respectively. Each
pass has 54 passages having 400 mm CE wall spacing. Discharge
electrodes (DE) are welded into pipe frames with 2 frames per pas-
sage. The width of DE frame is 5.76 m and the heights are 5 m and
7.5 m. Rapping is the dust removal method for both collection elec-
trodes and discharge electrodes. Three perforated plates with the
thickness of 8 mm, 2 mm and 2 mm are located inside the inlet
evase. The inlet evase is a pyramidal diffuser with large divergence
angle (more than 50�) which is located in front of the rectangular
collection chamber. The outlet evase, which is a convergent duct

and located after the collection chamber, has a 2 mm thick screen
inside it. Due to the symmetry in geometry only one-half of a gas-
path has been modeled in this study.

3. Numerical approach and simulation procedure

Numerical computation of fluid transport includes conservation
of mass, momentum and turbulence model equations. The Fluent
Inc. geometry and mesh generation software ‘‘Gambit” was used as
a preprocessor to create the geometry, discretize the fluid domain
into small cells to form a volume mesh or grid and set up the appro-
priate boundary conditions. The flow properties were then specified
and the problems were solved and analyzed by ‘‘Fluent” solver.

3.1. Governing equations

The air inside the ESP was treated as incompressible Newtonian
fluid due to the small pressure drop (<100 Pa) across the ESP. The
flow was assumed to be steady and can be described by the conser-
vation of mass equation:

~r � ðq~UÞ ¼ 0 ð1Þ

and the momentum equation:

~U � ~r~U ¼ �
~rp
q
þ m~r2~U þ~g ð2Þ

For the turbulent flow inside the ESP, the key to the success of CFD
lies with the accurate description of the turbulent behavior of the
flow. To model the turbulent flow in an ESP, there are a number
of turbulence models available in Fluent. The realizable k—e model
is a relatively recent development and contains a new formulation
for the turbulent viscosity and a new transport equation for the dis-
sipation rate, e which can be written as follows [12]:
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Nomenclature

C0,C1,C3e constants
C2 pressure jump coefficient = pressure loss coefficient per

unit thickness (m�1)
g gravity (m/s2)
Gk generation of turbulence kinetic energy due to the mean

velocity gradients (m2/s2)
Gb generation of turbulence kinetic energy due to buoy-

ancy (m2/s2)
I intensity
k turbulent kinetic energy (m2/s2)
Dm thickness of the perforated plate (m)
p pressure (Pa)
Re Reynolds number
U velocity (m/s)
sk, se user-defined source terms
S modulus of the mean rate of strain tensor
u0 fluctuating velocity (m/s)
uavg average velocity (m/s)

YM contribution of the fluctuating dilatation in compress-
ible turbulence to the overall dissipation rate

Greek symbols
a permeability of the perforated plate (m2)
D differential
e turbulent dissipation rate (m2/s3)
g strain
l dynamic viscosity (N s/m2)
m kinematic viscosity (m2/s)
q density (kg/m3)
rk turbulent Prandtl numbers for k
re turbulent Prandtl numbers for e

Subscript
Dh hydraulic diameter

Fig. 1. Measurement planes for velocity distribution.
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