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Abstract: Design of electrostatic scrubber is done with the objective of having maximum possible collection efficiency. This
paper reports the variation of collection efficiency with respect to the Coulomb number keeping all other parameters constant
for a fixed collector radius. This is plotted using Runge-Kutta method. Thus it is observed that collection efficiency increases
as the square root of the Coulomb number.
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1. INTRODUCTION

One of the mechanisms used to remove dust from exhaust
air is the electrostatic force [1]. The system designed was
known as electrostatic scrubber which used charged
collector droplets to collect the oppositely charged dust
particles from the exhaust stream. Following Coulomb’s
Law, the small particles get attracted towards the water
droplets or sheet [2,3]. These collector droplets, after the
deposition of the dust particles, are removed from the
apparatus and simultaneously fresh droplets enter the
system. The contact between the liquid spray and the aerosol
containing gas stream is generally carried out in a large open
container [4]. The main 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 optimize the performance of a given electrostatic
scrubber under given set of conditions, we need to plot the
trajectories of both the dust particles and the collector
simultaneously. Many researchers, in past studied the
collection efficiency using complex methods such as Finite
Element Method (FEM). To study the collector efficiency
of a scrubber we here wish to get an alternate method of
calculating the dust collection efficiency with respect to a
given parameter such as Coulomb number and analyze its
dependence on the given parameter in a simplified manner.

3. METHOD

The dust gets collected, due to opposite polarity charges on
the particle and the droplet [6]. A single dust particle is
spherical and its movement is affected by the air drag,
gravitational, Coulomb, and image forces [7]. The differential
equations both for the dust particle and the collector droplet
are calculated as per the method used by the authors in their

previous research work wherein we have described plotting
of trajectories. The trajectory of a particle is given by the
following Newton vector differential equation. Equation can
now be written in a non-dimensional form as [8]:
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Where Rp is the particle radius with charge Qp, u0 is the initial
velocity, Rc is the collector radius with charge Qc, r is the
distance between particle and collector, Cd is the drag
coefficient, Rep is particle Reynolds number. The
importance of the electric forces is expressed by the
Coulomb number [9]:
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Where is gas viscosity, Cc is the Cunningham slip correction
factor [7]. 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. Similarly the
differential equations for the collector droplet provide
information on the complex nature of the scrubbing process
and allow determination of the particles being captured.

Collection efficiency: The number of particles whose
trajectories end on the collector surface varies with the
Coulomb number keeping all other values constant such as
Stokes number equal to 0.1 and radius of the collector equal
to 0.1mm. Thus we can calculate the collection efficiency
by taking the ratio of the number of particles collected by
the droplet to the number of particles entering the
system. The differential equations have been solved using
Runge-Kutta algorithm. The numerical algorithm traces
simultaneously the mutual movement of two objects: a dust
particle and a droplet at two values of Coulomb number
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Kc = -10 and Kc = -100, here negative sign represents that
the particle and the collector are oppositely charged.
Collection efficiency is now calculated at different values
of Coulomb number in the range -10 to -330.

4. RESULT AND DISCUSSION

The trajectories are plotted for Kc = -10 and Kc = -100 are
shown in Figure 1. It is clear from the figure that for small
Coulomb number, the number of particles falling on the
collector is much less as compared to those for a higher
value of Coulomb number. The collection efficiency with
variation of Coulomb number keeping St = 0.1 and
Rc= 0.1mm is as plotted in Figure 2. This variation can be
studied better by plotting Coulomb number with square of
collection efficiency. Figure 3 shown linear variations, thus
proving that collection efficiency varies linearly with the
square root of the Coulomb number.

5. CONCLUSION

It is clear from the above results that the collection efficiency
of a scrubber system increases as the square root of the
Coulomb number. We know that Coulomb number is
directly proportional to the charge on the droplet and
inversely proportional to the distance between the
particle and collector. Thus the distance up to which the
particles are collected increases as the square root of the
charge on the droplet. Hence we can say that with the
increase in charge, the Coulomb number increases which
increases the distance to which the particles can be collected
by the droplet thus increasing the collection efficiency of
the system.
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Figure 1: Particle Trajectories with Oppositely Charged
Collector for Two Different Conditions of Kc

Figure 2: Coulomb Number (Kc) Vs Collection Efficiency

Figure 3: Coulomb Number (Kc) Vs Square of Collection
Efficiency




