
 

 

  
Abstract— The performance of Electrostatic precipitator (ESP) is 

significantly affected by its complex flow distribution arising as a 
result of its complex inside geometry. In the present study the gas 
flow through a lab-scale ESP is modelled numerically using 
computational fluid dynamics (CFD) technique to optimize the flow 
distribution 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 realizable K-ε turbulence model equations. In the 
simulation the perforated plates, used inside the ESP, are modelled as 
thin porous media of finite thickness with directional permeability. 
The results of the simulation are discussed and compared with 
laboratory measured data. The model was used to simulate an 
optimized flow inside the ESP. The model developed could be used 
as a novel tool to predict the effect of possible modifications made to 
the ESP design on the flow pattern.  
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I. 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) regulations. Industrial pollution can be 
controlled by energy recovery and conservation [1], replacing 
conventional industrial processes with continuous and energy 
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efficient systems [2], or performance optimization of the 
emission control devices [3]. Electrostatic precipitators (ESP) 
are the most widely used devices which are capable of 
reducing particle emission effectively from power plants and 
other process industries. The flow distribution within the ESP 
has been reported to have varying effects on its dust collection 
performance depending on the arrangements of major 
geometrical features inside an ESP.  It is difficult to carry out 
detailed and reliable measurements of fluid flow inside an 
ESP as the geometry is very complex. CFD provides an 
alternative method, which is reliable and less expensive to 
study the flow behaviour inside the ESP. An accurate CFD 
model plays an important role in predicting the flow field 
characteristics inside the ESP and optimizing flow 
distributions within the ESP by simulating proposed 
modifications. This ensures that the desired flow profiles are 
achieved, thus substantially reducing the outage time.  
However, only a limited number of research could be found in 
the literature for the prediction of turbulent flow behavior 
inside the ESP. Dumont and Mudry [4] made a comparative 
study on flow simulation results obtained from different 
precipitator CFD models. Other researchers are focused on 2D 
ESP models based on simplified geometrical arrangements 
and ignored the effect of sudden expansion in geometrical 
configuration of an ESP. Zhao et al. [5] developed a simple 
2D model which consists of a single discharge wire and two 
parallel plates. The 2D model developed by Skodras et al. [6] 
consists of three wires and two parallel plates arrangements. 
Nikas et al. [7] simulated a 3D flow inside a laboratory scale 
precipitator of three-wire and two-plate arrangements. 
Varonos et al. [8] 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 model. The numerical flow model of an ESP developed 
by Schwab and Johnson [9] replaced all the collection plates 
inside the ESP with equivalent resistance. Gallimberti [10] 
also used local loss coefficients in the governing equations to 
model the different wall profiles and other structures inside 
the ESP. 

The above studies were found to simulate fluid flow inside 
the ESP with either simplified models or simplified 
geometries. 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 develop a new 3D fluid flow model 
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