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Abstract: Many researchers, in past, have calculated and traced the trajectories by using the stream function using numerical
techniques such as Finite Element Method (FEM), which makes it difficult to understand and calculate the path followed by
the dust particles. In this paper, a simple numerical analysis method is proposed to plot these trajectories without using any
complex numerical techniques.
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1. INTRODUCTION

One major cause of air pollution is the presence of particulate
matter such as dust, mist, smoke, or vapour in the atmosphere
in amounts that may be harmful to human, plant or property.
One of the methods to efficiently collect these particles is the
use of electrostatic scrubbers that use electrostatic force [1].
Particles which are submicron in size tend to remain entrained
in the gas stream. To collect particles of such small size with
high efficiency electrostatic charging of the particles is done.
The electrostatic scrubber uses charged collector droplets to
collect the dust particles of same or opposite polarity.
Following Coulomb’s Law, the small particles are attracted
towards and captured by the water droplets or sheet. This
Coulomb’s force of attraction or repulsion plays the major
role for the deposition of dust on the collector [2,3]. The
interaction of a finely atomized water spray uniformly charged
to one polarity, with an oppositely charged aerosol, creates a
combined spray scrubber and collector apparatus [4]. The
advantages of using an electrostatic scrubber are low water
consumption, low power consumption, low operation cost
and low wear and tear [5].

2. PROBLEM DEFINITION

To study the performance of a given electrostatic scrubber
we need to study the behaviour of the particle as well as the
collector in the charged conditions by plotting the
trajectories of the dust particles with respect to the collector.
Many researchers, in past, have traced the trajectories by
using the stream function and calculated trajectories using
numerical techniques such as Finite Element Method (FEM),
which makes it difficult to understand and calculate the path
followed by the dust particles. Thus we here wish to obtain
an alternate method of plotting these trajectories in a
simplified manner without using any complicated technique
like stream function or FEM.

3. METHOD

When the particle and the droplet are charged to opposite
polarities the dust gets collected on the collector [6]. The
interacting particles and droplet are reduced to a two body
system and both assumed to be spherical in shape without
any distortion during the motion. Also the transfer of
momentum or mass due to deposition of dust on collector
is neglected. A single dust particle is spherical with radius
Rp with charge Qp and in the beginning moves in the
horizontal direction with velocity u0, equal to the velocity
of flowing gas. Its movement is affected by the inertial, air
drag, gravitational, Coulomb, and image, basset,
thermophoretic and diffusiophoretic forces [7]. Thus
following a path depending on these, this can be defined by
numerical equations and can be traced. The droplet is also
assumed spherical with a given radius Rc and is electrically
charged with a charge Qc. It enters the scrubbing channel
with some initial velocity v0, the vertical component.

Particle Trajectories: The trajectory of a particle of
mass mp is given by the following Newton vector differential
equation:
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Where, mp is the particle mass; w is the particle velocity,
AF is the drag;


eF  is the electrical force;


gF  is the gravitational

force. The image forces acting on both particle and collector.
Image forces are assumed zero since they only slightly
participate in the total force as compared to Coulomb force
[8]. The Coulomb’s electrostatic force between two point
charges placed in the particle and the collector centers on
the particle is as follows:
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where Qp  and Qc are the charges on the particle and the
droplet, respectively, Rp and Rc are the radii of the particle
and the droplet, respectively, r is the distance between the
particle and the droplet centers, ε0 is the permittivity of the
free space, and εp, εc are the relative permittivities of the
particle and the collector, respectively [8].
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where, ηg is gas viscosity; Cc is the Cunningham slip

correction factor;

u is the gas velocity in the undisturbed

region, Cd is drag coefficient, Rep is particle’s Reynolds
number. To reduce the number of different parameters
affecting the system all distances have been normalized with
respect to the collector radius Rc, all velocities have been
normalized to the gas velocity u0 in the undisturbed region
and non-dimensional time was defined as 0 /= ct tu R . The
electric forces affect the particle motion according to the
Coulomb number [7]:
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The inertial deposition is proportional to the Stokes
number, given as [7]:
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where ρp is the particle density and G is the non-dimensional
gravity force For the purpose of the numerical solution, the
vector above equation can be rewritten as a system of 2
scalar equations in the system of coordinates:
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Droplet trajectory: Simulation of collector particle flow
can provides much more information on the complex nature
of the scrubbing process. It is assumed that the droplet enters
with some initial velocity having only the vertical
component (vy = vy0,vx = 0). This velocity does not remain
constant as the droplet is accelerated due to the gravity and
also the drag force of the flowing gas. Both components of
the droplet velocity vector can be defined using following
system of differential equations [8]:
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Where, cx is drag coefficient depending on Reynolds number
of the collector; vx and vy are the components of the droplet
velocity (vc); ρc and ρg are collector and gas density,
respectively. For Reynolds numbers Rec ≤ 105 parameter,
cx can be approximated by the Kaskas equation [8].

4. RESULT AND DISCUSSION

The equations (6), (7), (8), (9) have been solved using
Runge-Kutta algorithm. We have considered two main
variables, namely Coulomb number (Kc) and Stokes number
(St), keeping all others as constant. The trajectories are
plotted for different combinations of Kc and St and are
shown in Figure 1. It is evident that these trajectories are
similar to the one plotted by other researchers using complex
techniques such as FEM and stream functions.

Figure 1: Particle Trajectories w.r.t. Oppositely Charged
Collector for Different Conditions of Kc and St

5. CONCLUSION

The two dimensional differential equations of motion for
the dust particle and the collector droplet have been solved
simultaneously using Runge-Kutta algorithm. The
trajectories simulated are similar to those plotted by other
researchers. Neither an intricate variable, such as stream
function nor any complex numerical analysis algorithm,
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such as FEM has been used. Thus from this we can
demonstrate that these trajectories can be plotted using a
much simplified approach using a simple numerical analysis
method. And will help in carrying out further simulation
and studies in a much simpler manner, to understand the
effect on collection efficiency of electrostatic scrubber.
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