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ABSTRACT

Electrostatic force field application is one of the most
promising methods for spraying protective liquid sprays onto
the biological surfaces of crops, orchards, vineyards and trees,
because electrostatic space charge and image deposition
forces enhance the uniformity of spray on the target surface
and increases the transfer efficiency, mass transfer and
adhesion. The study has been carried out to know the effects
of electrode geometry, deposition target and spray cloud
through  computational  modeling using COMSOL
Multiphysics. In this work, four different shaped targets, four
different geometry of electrodes and four stages of spray
cloud are analyzed to know the effects of resultant electric
field to charge the conductive liquid sprays. Comparative
study of electric field among all the four shaped targets
resulted that elliptical target has the maximum resultant
electric field followed by conical, spherical and cylindrical
target respectively. Similarly in case of electrode geometry,
electric field of square electrode with circular cross-section
found to be optimum followed by circular electrode with
circular cross-section, circular electrode with square cross
section and square electrode with square cross section
respectively. The experimental results are in good agreement
with computational modeling of charging the liquid sprays.
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1. INTRODUCTION

The electrostatic sprayer is a system that electrically charges
the finely divided particulate matter inductively [1-5]. To use
the technology efficiently, it is very important to optimize the
parameters of the spray nozzle. An attraction force of a
charged particle to a plant consists of two reasons i.e. due to
the action of the electrostatic field of the particle itself and the
electric field forces of the spray tip and the cloud upon the
electric field of the drop [6-9]. If electric fields are directed to
the plant, drops will be projected onto its surface. Research
approaches to agricultural spray charging which is based upon
several distinct principles [10-14]. Maski and Durairaj
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showed that a major portion of the electrostatic pesticide
spraying has been in the development of reliable means for
droplet charging [15]. Motion of the charged particle can be
easily controlled by the electric force, which depends on the
charging level. Therefore, it is desirable to charge the finely
divided particulate matter as high as possible and the charged
droplet must be acted upon by an electric field. This electric
field may be self-generated or externally applied. The
technique uses a combination of charge transformation and
surface tension variation by interaction phenomenon of
compressed air supply, liquid flow and electrostatic field to
generate uniformly charged spray droplets. Effective surface
tension variation by electrostatic force applied to fluid jet and
air jet, imparted perturbation to fluid jet results in charged
droplet formation [16, 17]. The performance parameters of
electrostatic spray nozzle i.e. charge-to-mass ratio is a result
of complex interactions of input parameters i.e. compressed
air supply, liquid flow and electrostatic field within the
designed nozzle.

Despite of available literature, it is obvious that very little
research work has been carried out on the optimization of
electrostatic nozzle parameters using COMSOL Multiphysics
Environment. The wuse of COMSOL Multiphysics
environment will have a great impact on such applications i.e.
electrostatic liquid spraying, yet to be explored significantly
[18]. So far, no statistical techniques are reported for flow
processes in electrostatic liquid spraying [19, 20]. Recently, a
study has been published by Murtadha and his associates,
showed the application of COMSOL Multiphysics in
agricultural  liquid spraying processes; however the
manuscript lacks the fundamental technical details and
appropriate specifications for the design of experiments [21].
This paper didnot specify the flow rate of the nozzle, exact
geometrical boundaries etc. A computational model has been
developed using COMSOL to understand the effects of the
electrode geometry, deposition target and spray cloud the
induction charging parameters are optimized. The developed
computational model is validated through the experimental
results. The experimental results are in good agreement with
the computational model of electrostatic charging of liquid
sprays.
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2. METHODOLOGY

In electrostatic spraying, it is desirable to charge the particle
as high as possible and the charged droplet must be acted
upon by an electric field. A major portion of the electrostatic
spraying research has been in the development of reliable
means for finely divided particulate charging. The level of
charge onto the droplet depends on charging time constant
and the charging time constant is directly associated with
liquid conductivity. The performance can be defined in terms
of charge to mass ratio, which depends on applied high
voltage, liquid conductivity, electrode material, electrode
geometry, liquid flow rate, supplied air pressure, deposition
target etc. Keeping this view point of optimizing the effects of
electrode geometry of spray charging through induction
charging, deposition target and spray cloud, a computational
model is developed wusing COMSOL Multiphysics
environment version 4.3 and experimental evaluation is
carried out.

By using AC/DC module, concept of electrostatics has been
implemented to analyze the resultant electric field. Finite
Element Model (FEM) as shown in Fig. 1 consists of a
cubical block (1000x1000x1000 mm) with boundary
conditions, a deposition target of different shapes and a
charged spherical droplet of 50 um VVolume Median Diameter
(VMD). The water droplet was charged to a significant level
of surface charge density of 3.05x1073Cm~2 which was
placed inside the block at 100x500x500 mm in x, y and z-axis
respectively. All different shaped targets were of the same
size having radius of 50 mm and height of 100 mm, placed at
850x500x500 mm in x, y and z-axis respectively to align
properly with the charged water droplet.

i <— Grounded

x100.5
Water ———p — TG
Droplet
i L— Boundary Box

Fig 1: Computational model for calculation of electric
field distribution of charged water droplet with respect to
grounded target.

The material provided to cubical block, liquid droplet and
deposition target was air, water and copper respectively. With
the implication of extra fine meshing, results were computed
to analyze the electric field norm. by applying the Poisson
equation of electrostatics and COMSOL FEM model was
solved. Poisson equation originated from Maxwell’s
equations with the definite boundary conditions.

E=-Vv 1)
V.(g0 & E) = pg 2

Where, E is electric field (Vm™1), V is electric potential (V),
V is Del operator, p, is the charge density of liquid
droplet (Cm=2%), g, is permittivity of free space
(8.854x10~2Fm~1) and &, is relative permittivity.
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The electric force per unit droplet mass Fy the droplet can be
expressed as

Fg=E.(q/m)y ®

Where (q/m), is the charge to mass ratio of an individual
droplet.

3. EXPERIMENTS

Laboratory experiments were carried out to observe and
evaluate the electric field distribution of induction charging
and deposition characteristics and hence charge to mass ratio
of an air-assisted electrostatic nozzle designed and developed
at CSIR-CSIO and all rights are reserved. The laboratory
experiments were conducted in open air and at ambient
conditions (T= 288+2 K, RH=50+3%). The experimental set-
up of an air-assisted electrostatic nozzle performance
evaluation is shown in Fig. 2.

Fig 2: Experimental set-up of an air-assisted electrostatic
nozzle for the evaluation of charge to mass ratio.

The liquid droplet was charged to a significant level of charge
by applying high voltage to the induction electrode embedded
in the nozzle using high voltage module (ULTAVOLT +20
kV, 1.5 mA, 30W, for laboratory experiments only). A range
of high voltages (0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, 2.0,
2.25 and 2.5 kV) were applied to the electrostatic nozzle in
the experiments. The liquid flow rate of the electrostatic
nozzle was 110 mlm~1! with a slight variation in flow as the
pressure of air supply changed from 1-3 bars. The compressed
air was provided from the air compressor (Model No:
SAN10101, ELGI Equipment Ltd., CFM 3.89), air regulator
for regulated air supply (Model No: LOE-D-MINI C643,
FESTO) along with air flow meter (Model No: PFM711S-C8-
C-A-WS-X731). The spray current was measured with a
programmable Electrometer (Model No.6514, Keithley)
connected to the target.

4. RESULTS AND DISCUSSION
4.1. Effect of electrode geometry on electric
field distribution

In this case, electrodes were square electrode of square cross
section, circular electrode of square cross section, square
electrode of circular cross-section and circular electrode of
circular cross section of 4.0 and 9.0 mm of inner and outer
diameters respectively. The copper (98% pure) electrodes
were placed at the distance of 2.5 mm from the nozzle tip,
held at an optimized position from the liquid jet film with the
support of holder made up of insulating material. The
maximum electric field norm. of different geometry electrode
is enamurated in Table 1.
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Table 1. Maximum electric field (norm.) of different

geometry electrodes.

square cross-section

S. Electrode Geometry Maximum Electric

No. Field norm. (V/Im)

1. Square electrode with 4.48x10°
circular cross-section

2. Circular electrode with 2.20x10°
circular cross-section

3. Circular electrode with 1.22x10°
square cross-section

4, Square electrode with 1.06x10°
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Fig 3: Effect of electrode geometry on electric field
distribution (a) Square electrode with circular cross-
section (b) Circular electrode with circular cross-section
(c) Circular electrode with square cross-section (d) Square
electrode with square cross-section.

The amount of induced charge may be expressed as q; =
go& | E,dA. For the given construction of nozzle body which
dictates the jet break-up process, this effect must be achieved
by properly selecting the geometry of charging electrode
arrangement. [22-24]. The plot of electric field lines and aero-
volume distribution is shown in Fig. 3, which shows the
maximum electric field distribution of different electrode
geometry.
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Fig 4: Charge to mass variation with the change in
electrode geometries.

Fig. 4 showed that square electrode of circular cross section
performed better in terms of charge-to-mass ratio as compared
to the other electrode geometries. However, due to
geometrical inconvenience, the ring electrode has been
optimized and can be used for further study. One of the key
finding of the experiment was square electrode, more efficient
at charging due to the non-linearity of the electric field which
induces more efficient discharging of ions to the continuum
phase. It is also observed that at higher voltages, the charge to
mass decreases in case of sharp edges electrode, because of
corona discharge and breakdown failure.

4.2. Effect of deposition target on electric

field distribution
In this case, the computational modeling was developed to
observe the effect of deposition target in electrostatic spraying
processes. The electric field distribution of the charged water
droplet-target model for an ellipsoid, conical, spherical and
cylindrical target is shown in the Fig. 5.
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Fig 5: effect on electric field distribution of different
shaped deposition target (a) Elliptical (b) Conical (c)
Spherical (d) Cylindrical.

The maximum electric field achieved, for different deposition
targets were summarized in the Table 2.
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Table 2. Maximum electric field (norm.) of charged liquid
droplet with varying deposition target.

S. No. Shape of the Maximum Electric
Target Field norm. (V/Im)
1. Elliptical 9.76x10°
2. Conical 5.18x10°
3. Spherical 2.98x10°
4, Cylindrical 2.94x10°

Elliptical shaped target generates maximum electric field
(norm.) and a cylindrical target generates the least electric
field. These results will be used in our developed air-assisted
electrostatic sprayer so that amount of pesticide can be
controlled on the basis of the shape and size of targets.
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Fig 6: Charge to mass variation of electrostatic nozzle
spraying with the variation of deposition target.

From the laboratory experiments as shown in Flig. 6, he
relationships between the spray current (WA) and hence
charge to mass ratio and deposition target, water flow rate,
applied voltage are explained.

4.3. Effect of spray cloud on electric field

distribution

In this case, the cylindrical deposition target was given a
negative potential varied from 0 to 2000 volts (0, 500, 1000,
2000 volts). Fig. 7 showed that the spray cloud expands with
increased droplet charge-to-mass ratio due to increased space
charge near the deposition target. This increases the spray
uniformity and deposition but at the same time increases
radial drift. The study of radial drift and deposition efficiency
of electrostatic spraying are carried out through the
experiments. In order to increase the deposition and reduce
the droplet motion to the nearby ground, the droplet charge-
to-mass ratio needs to be carefully selected.
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Fig 7: Effect of spray cloud near the deposition target onto
the electric field distribution with the applied voltage to
the target (a) 0 V (b) -500 V (c) -1000V and (d) -2000V.

When there is no voltage on deposition target, the electric
field lines sweep over the cylinder and some of them may
enter at the front and up and the rest of pass by the target.
When the cylindrical target supplied a negative voltage of -
500 volts, the field lines were distorted in the nature, due to
repulsive nature of negative spray cloud. Simultaneously, in
case of different applied voltage of -1000 and -2000 volts, the
electric field lines were almost trying to distort from the target
to get grounded objects. As the target distance decreased, the
volume of spray cloud decreased which has reduced the space
charge repulsion and thus reduced the radial drift.

5. CONCLUSION

COMSOL FEM model was developed to optimize the electric
field distribution and hence charge to mass ratio of four
different geometry electrodes, four different grounded
deposition targets and spray cloud of different levels for a
fixed charged water droplet. Using the analogy of the Poisson
equation to the scalar transport equations, the electric field
can be solved within COMSOL Multiphysics, and the
electrostatic spraying process can be modeled with various
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parameters and complex geometries. For the air-assisted
electrostatic induction charging spraying process, the
modeling results showed that the spray cloud expands with
increased droplet charge-to-mass ratio due to increased space
charge. This increases the spray uniformity and deposition but
at the same time increases radial drift. They need to be
independently controlled in order to increase the transfer
efficiency and reduce drift. There is good conformity between
the theoretical and practical results. The results obtained in
this work will be used to design and develop an air-assisted
electrostatic nozzle for agricultural applications.
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