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Abstract: As a guideline for the designers, this paper presents a study of collection efficiency of the electrostatic scrubber for
different values of the collector radius keeping all other values constant. Here we know that two most affecting parameters,
Coulomb number and Stokes number depends upon the radius of the collector. Thus the variation of collector efficiency is
studied about a minimum efficiency point. Here first quarter shows the dominance of electrostatic field around the collector
while the second quarter shows the increase in collection efficiency due to increased surface area of the collector droplet.
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1. INTRODUCTION

Electrostatic force is one of the mechanisms used for the
collection of dust particles from the exhaust stream of
polluted air. This force can be used as force of attraction by
charging the dust particle and the collector droplet with
opposite polarity charges [1]. Thus the system using this
force is known as electrostatic scrubber. The collector in
most cases is a charged water droplet which is removed from
the system after it collects the dust particles and
simultaneously fresh droplets are introduced [2]. This
electrostatic system shows far better performance as
compared to other conventional scrubbers [3]. Thus several
authors have simulated the performance and collection
efficiency of the system using finite element method [4].

2. PROBLEM DEFINITION

Collector efficiency is an important parameter of an
electrostatic scrubber which needs to be studied using
Runge-Kutta method. Thus for this we need to calculate and
optimize the dependence of collector efficiency on one of
the many variable parameters. The droplets of different sizes
can be charged with same charge value to study the
dependence of efficiency only on the radius of the droplet.
Hence, we will study the collector radius as one such
parameter which can be varied by altering the size of the
spray nozzle to achieve high collection efficiency of a
scrubber.

3. METHOD

As stated in earlier studies the charged collector droplet
collects the dust particle of opposite polarity [5]. Out of all
the forces affecting the motion of a single dust particle some
are considered for studies such as Stokes drag force,
gravitational force and Coulombs force [6]. The differential
equations for the collector droplet are calculated as per the

method used by the authors in their previous research work
wherein particle trajectories have been plotted and collection
efficiency is studied with respect to the radius of the collector
droplet. The normalized differential equation for the dust
particle can be written as following:
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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 (far from
the droplet), and non-dimensional time was defined as
t–=tu0\Rc. The particle trajectories are affected by only three
non-dimensional parameters. The importance of the electric
forces is expressed by 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. The non-dimensional gravity
force can be calculated from [7]:
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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 [7].
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Collection efficiency: The number of particles which are
collected by the collector droplet varies with the radius of
the collector droplet keeping all other values constant. 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 calculates the number of particle
depositing on the collector thus collection efficiency is now
studied for different collector radius values.

4. RESULT AND DISCUSSION

The primary objective of designing electrostatic scrubber
is to achieve high collection efficiency. The simulated results
pictorially represent the variation of collection efficiency
with respect to radius of the charged collector droplet as in
Figure 1. This figure may be interpreted in simple words as
following:

(i) Collection efficiency depends upon the electrostatic
field around the charge and as the radius of the
charged particle increases, the field for the given
distance from the surface of charged collector
droplet decreases. Thus, as the radius of charged
collector droplet increases the collection efficiency
decreases. This is depicted in the first quarter of
the curve.

(ii) The collection efficiency is also supposed to
increase with the increase in surface area of the
charged collector particle. And this is depicted in
the later quarter of the graph.

5. CONCLUSION

These two trends are opposing in nature, for the smaller
radii the first trend dominates while for larger radii second
trend dominates. Therefore a trade off takes place at a
crossover point wherein the collection efficiency is
minimum. Designers thus are to stay away from this
minimum point preferably on the lower side of the radius
since the gain in collection efficiency after the minimum
point is not as steep as in moving on the opposite side. This
work reports variation of collection efficiency with respect
to radius for constant Stokes number. The future work may
be directed towards studying the variation of collection
efficiency with respect to keeping radius as constant. This
point of minima is different for different Stokes number and
may not be visible for many practical situations.
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