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Abstract - Electrostatic precipitators (ESPs) are the most prevalent devices used for separating dust, fumes, or fog
from gas. Numerous factors are involved in a filtration process, which requires the optimization and continuous
monitoring of collection efficiency. Resistivity is one of the crucial factors that significantly affect ESP
performance. Resistivity has a particular effect on the performance of a dust layer deposited on a collecting
electrode. Particles (e.g., PVC) that exhibit high resistivity are difficult to charge; however, they do not easily give
up their acquired charge in contact with the ground electrode, which causes an increase in surface potential and
consequently back corona phenomenon. Therefore, to achieve the optimal filtration efficiency, the electric field
intensity must be maximum (close to the breaking voltage) for ensuring an improved loading of the particles
having high resistivity, without forming an electric arc. This study proposed a new practical technique for
controlling a wire-cylinder configuration ESP based on the automatic variation of high voltage by using a
motorized potentiometer (PM) to maintain set-point discharge current. Automatic voltage control varies the power
of a high- voltage power supply in response to signals received from the ESP. The surface potential of a pollution

layer and its equivalent resistivity can be deduced in-situ under electrical discharge for different particle sizes.

Keywords - Back corona; Control; Electrostatic precipitator; measurement; Sparks; Surface potential.

I. INTRODUCTION

Electrostatic precipitation is used to eliminate
solid pollutants, (e.g., dust and ashes) or liquids (e.g.,
oil mist) contained in the gas injected into our
environment. No filtering process is as effective as an
electrostatic process [1]. The scope of this process
currently extends to viable places (e.g., apartments,
offices, and hospitals) and workshops (e.g., machine
rooms) because of low electrical energy consumption
and high filtration efficiency (up to 99.9%) [2].
Although it has high efficiency, ESP performance is
always considerably influenced by physical
parameters related to gas and dust [3, 4]. The
resistivity of the dust layer deposited on electrodes is
a very crucial feature for controlling precipitator
performance [5, 6]. Resistivity is related to the
physicochemical nature of dust. High resistivity
causes back discharge [7, 8], which creates an arc
between the two electrodes. This change in a
discharge regime (from a diffuse corona discharge
regime to an arc regime) significantly reduces

collection efficiency [9]. Therefore, the resistivity of
the particles or a porous layer of particles is a crucial
parameter for the selection of operating voltage and
reference current. Resistivity between 10" and
5.10+8 Q.cm allows the normal functioning of the
ESP [10]. PVC particles with known resistivity
(greater than 10*® Q.cm) are selected, which allows
the abnormal functioning of the filter, thus extensively
using an online control and command system. An
automatic voltage control command is adapted in this
paper by using an Arduino card, which allows the
variation of the power supply voltage, and thus,
sparks in the ESP are timely extinguished [11, 12].

In addition to the control system, this paper aimed
to study the experimental feasibility by which to
calculate the resistance of the PVC powder layer
accumulated over time on the collector electrode
surface of the ESP. Equivalent resistance and its
surface potential can be deduced using the in-situ
measurement of discharge current, which must be
varied around to the set-point current.
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Il. MATERIALS AND METHODS

A) Experimental Device

The realized test bench (Fig. 1) can be divided into
three separate functional entities: the addition of PVC
powder, filtration device, and command and control
of the ESP. The admission of PVC powder (a
majority size of 180 um diameter) is provided by a
vibro-transporter, which introduces the PVC powder
directly into a funnel placed at the entrance of the
ESP, with a fixed mass flow gy = 0.5 g/s. The speed
of powdery flow is controlled by a dust recovery
cyclone (Qairfiow = 50 m3/h), which allows the
recovery of unfiltered powder. The filtration device is
a conventional wire-cylinder ESP, having a length of
140 mm and diameter of 90 mm.
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Fig. 1. Autopilot circuit of high-voltage power supply (Machine-
Machine Interface).

1. Spellman high-voltage power supply, 2.ESP, 3.vibro-
transporter, 4.recovery cyclone, 5. voltage sensors, 6.
computer, 7. arduino + shield motor, 8. motorized
potentiometer, and 9.relay module.

The corona wire with a diameter of 0.25mm is
connected to a negative high-voltage supply (Umax =
40 kV, lnax = 7.5 mA, Model SL-300, Spellman). The
control part of the filter primarily comprises an
Arduino MEGA card, a motorized potentiometer, and
voltage sensors.

The used HV generator (SPELLMAN SL-300)
incorporated several features that allowed a

progressive, manual increase in high voltage until the
predefined operating point. In the local control (front
panel control) of power supply, jumpers were
installed on external interface TB1 (or J5) in the rear
of the chassis between TB1-10 (J5-10) and TB1-11
(J5-11) for voltage control and between TB1-8 (J5—
8) and TB1-9 (J5-9) for current control.

For automatic control, jumpers are eliminated,
and a positive voltage source is applied to appropriate
terminals. By adjusting the voltage source of the low-
power circuit from 0 to 10 V, a voltage is varied for
the high-power circuit (0-40 kV). Pins 5 and 6 on the
back panel were used to monitor current and output
voltage (Fig. 2).

TB1/J5
PS Common
@
Current -
M) :
C Monitor Voltage
+ Monitor
+

Zout=499% ohms +/-0.1

Z out = 4 .99k ohms +/-0.1%

elelelcleIce

Fig. 2. Circuit for sampling current and voltage delivered by
high-voltage generator.

Fig. 3 shows the circuit diagram, indicating that the
following four distinct elements are connected to the
Arduino card. Two voltage sensors, allowing data
transfer (voltage and current), a relay module that
opens or closes the power switch (ON and OFF) and
automatically disables the high-voltage power supply
in case of an arc, a motorized potentiometer for the
automatic adjustment of the low-power circuit voltage
of the power supply, and a shield module for
controlling the potentiometer motor that generates a
pulse width modulation (PWM) signal.

The Arduino (the central element) periodically
collects measurements performed using voltage
sensors. Discharge current delivered by the ESP is
continuously compared with set-point current. |If
current exceeds, the Arduino card automatically
reduces the supply voltage of the source through a
motor shield to decrease potentiometer resistance.



ARDUINO MEGA 2560

Fig. 3. lllustrative diagram of control circuit.

B) Determination of Set-point Current (lspoint)

Before starting the ESP using its automatic control
system, the limit of its normal operation must be
known first without injection of PVC powder. The
limit (For U = 32 kV) is obtained by manually varying
the voltage at the highest level without causing
excessive spark between the two electrodes.

In practice, the filtration is improved when the
applied voltage is close to the breakdown voltage, in
particular when the particles to be filtered have a high
resistivity, similar to that of PVC [13, 14]. Fig. 4
indicates that the set-point current should not exceed
0.91 mA.
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Fig. 4. Determination of operating limit point (U = 32 kV) of
precipitator without powder.

C) Command Protocol

ESP control voltage is programmed after
manually determining the set-point current. The
Arduino MEGA and computer can interact through
serial communications. The program (sketch) can be
easily loaded by connecting the serial port of the
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Arduino to the computer. This process sends data
from the computer to the Arduino, and the Arduino in
turn sends status messages to the computer for
confirming a successful transfer.

The commands sent from the Arduino card
through the shield motor allow the motorized
potentiometer to rotate in both directions at a required
speed for tinarg OF thackwara fOr regulating high voltage,
thereby maintaining fixed discharge current. The
aforementioned method is continuously compared on
a sampling step (tmeasure) With the consigned current.
Fig. 5 shows the block diagram of principle outlining
describing control protocol functionality
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Fig. 5. Block diagram of voltage control and its operation
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I1l. EXPERIMENTAL RESULTS AND DISCUSSION

An automatic voltage control technique allows the
analog value of discharge current and applied voltage
to be recorded using the function analogue Read. The
potentiometer delivers an analog voltage between 0V
(TB1-1) and 10V (maximum value of TB1-7).

Servo control in voltage must be performed
numerically by comparing the applied current and the
set-point current values for the shield motor to
generate appropriate PWM signals that power the
motorized potentiometer. The generation of PWM
must consider the response time of the control system.
Therefore, the rotation time of the potentiometer
trorward @Nd thackwara MUst be controlled by the Arduino
program to limit it within the maximum frequency of
sparks.

A) Performance analysis of ESP

Efficiency of Filtration With or Without Voltage
Control :

In this part of work, the expected goal is not to
reach a vyield close to 100 %, but to make a
comparison between the efficiency obtained without
and with automatic control. In fact, and in order to
show the reliability of our technical control, we
subjected the filter to the most unfavorable conditions
(High suction flow, voltage applied to the breakdown
limit)

Fig. 6 and Table 1 indicate the following:

o Filtration efficiency is approximately doubled for
different operating times of the filter

o Significant reduction in the number of sparks

-“’ithout Control |:| With Control
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Fig. 6. Comparison of ESP performance with and without
automatic control.

Table 1. Comparative results of filtration efficiency

Collected | Number -
Efficiency
mass (g) of %)
Experiments | Time (s) sparks

30 3,2 20 21,33

Without 60 48 >20 16
control 90 5.8 >30 12,89

30 6 1 40
Automatic 60 7,6 1 25,33
control 90 8,6 1 19,11

Fig. 7 illustrates the online variation of discharge
current after the automatic high-voltage control is
triggered, with an ESP operating time of 210 s.

The control system response is approximately
instantaneous because the nominal operating regime is
realized. Current stabilizes when it reaches near the
set-point current of 0.91 mA after passing through an
unstable operating regime (very frequent presence of
sparks).
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Fig. 7. Online variation of discharge current

During filtering, the collected dust layer behaves
as an ascending variable resistance, thereby increasing
its surface potential (Vsy). Fig 8 represents surface
potential measured in real time.

The regulation system reduces the applied voltage
(Fig 9) because the PVC particles deposited on the
collection electrode.

Therefore to maintain a discharge current near of
the set-point current (Isetpoine = 0.91 mMA). The
recorded voltage drop is proportional to PVC layer
resistance because discharge current is maintained
constant. It can be calculated using the following
equation :

UApp — Upns = Vsur = Rpuc (t)'lset—paint (1)
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Where : Upp, - Applied voltage (32 kV),
Uns : Instantaneous voltage applied (kV),
Vg, : Surface potential (kV),
Revc (t): Equivalent resistance of the PVC
layer as a function of time,
I'set-point - Set-point current (0.91 mA).
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Fig. 8. Temporal variation of surface potential of PVC layer.
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Fig. 9. Online regulation of applied voltage.

B) Influence of Particle Size on Surface
Potential

Dust deposited on the collection electrode acts as a
variable resistor in series with the ESP. Fig 10
indicates that surface potential is increasing regardless
of the particle size. This is because the amount of
collected material increases as a function of time,
which increases its resistance.

Resistance of the PVC layer is inversely
proportional to the particle size (Table 2). Moreover,
the inter-particle distance decreases with the size
decreases, which considerably reduces the dissipation
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of electric charges to the ground. Although the
collected mass having a size of 90 um is smaller than
125 pm and 180 um, the value of the recorded
resistance is considerably higher. This is due to the
decrease in inter-particulate air volume which
increases greatly the equivalent resistance value of the
pollution layer.

14.0

] —=—90 (um) —»— 125 (um) —+— 180 (pm)

Surface potential (V)

30 100 150 200
Time (s)

Fig. 10. Variation of surface potential according to size of PVC
particles

Table 2. Relation between mass and equivalent resistance of
collected dust layer.

Particles

diameter 90 125 180

(um).

Ot‘i’;r:t(';g Me (g)] R (MQ)| M; (@) | RMQ)| M (g)| R (MQ)
30 3 12,66 41 12,016 6 10,57
60 4.4 13,5 55 12,75 7,6 11,88
90 53 14 6,5 13,54 8,6 12,62
120 6 14,45 7,3 14 9 12,95
150 6,6 14,8 7,7 14,2 9,6 13,45
180 7 15 8,2 14,54 10,3 14,19
210 6,2 14,67 75 14,29 10,1 14

C) Relationship Between Equivalent Resistance
and Mass of Collected PVC Layer

To establish a relation between the resistance and
mass of the collected PVC powder, mass
measurements have been performed for different
operating times of the ESP. The collected mass
reaches its maximum value at 180s because of the
saturation of the collection electrode and the excessive
increase in the voltage drop.
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From relation (1), the resistance value of the
PVC layer can be calculated as follows :
Rpyc(t) = S (2)
fsetfpoint

The variation in the mass and resistance of the
PVC layer is plotted on the same figure (Fig 11) as a
function of the ESP operating time. The two
variations follow the same pattern, indicating that the
resistance increases as a function of the mass of

collected dust. This variation is quasi-linear (Fig 12).

—a— Collected mass (g} Resistance (M)

14
12 -
10 4
8
& 4
0 I SIU IEIZIU 1%[] EEIIEI 250
Operating time (s)
Fig. 11. Evolution of equivalent resistance and collected mass of
PVC as a function of time
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Fig. 12. Variation of PVC layer equivalent resistance as a function
of collected mass.

D) Modeling of filtration process
1) Online Prediction of Filtration Efficiency

To anticipate filter performance as a function of
time, the collected or outgoing mass must be known.

The variation of the collected mass as function of
equivalent resistance is quasi-linear, thus efficiency
can be expressed as a function of the PVC layer
resistance. The prediction curve in Fig 13 indicates
the efficiency as follows:

_ M U((R)
,u(t) *ﬁ.loo (3)
u(t) = (1,21 .Rpyc(t) — 6,743)

t. Gint (4)

With: M, (R): Mass collected as a function of the
layer equivalent resistance (g),

Qine: Mass flow of PVC particles introduced in
the ESP (0.5¢g/s),

Rowe (t): Equivalent resistance of the PVC layer
(equation 2), t: Filter operating time (s).

Efficiency variation as a function of time
according to the relation (4) is represented using the
following Fig 14:

The efficiency is maximum when the resistance
value of the collected layer is maximum. For the
experimental conditions, the rapping cycle must be
less than 60s to ensure a yield of approximately 40%,
which corresponds to the Rpyc resistance of less than
11.88 MQ.
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Fig. 13. Plot of variation of mass collected as a function of
equivalent resistance
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Fig. 14. Online variation of filtration efficiency.

2) In-situ Measurement of the Equivalent
Resistivity of PVC Layer:

The in-situ principle is used for measuring the
resistivity of the material during an electric discharge.
However, the surface potential Vs,of the material
cannot be precisely determined. According to this
method, the resistivity can be expressed as follows :

V ur
Prpvc = ;7 (5)

Where ppyc, €, and J are electrical equivalent
resistivity, the thickness of the dust layer, and the
surface current density, respectively.

Another relation is available for determining the
dust layer resistivity. The relation is obtained using
the standard IEEE method for depositing a dust layer
on a cell placed between the two parallel electrodes,
and a voltage of a few kilovolts is then applied to the
electrode system. Thus, the resistivity is calculated by
measuring the current flowing through the dust layer.
This relation given as follows :

S.U;
Ppvc = Id.(;!ls (6)

Where S, d, and Id are the surface of the cylindrical
collection electrode, inter-electrode distance, and
instantaneous discharge current, respectively.

Fig. 15 shows an online sampling of equivalent
resistivity (particle size =180 um), each sampling
having a duration tyeswe = 210s calculated using
relation (6). The average value of resistivity is
approximately 2.5.10® Q.cm. Therefore, the
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frequency of sparks is high, without the voltage
control system.
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Fig. 15. Online deduction of the equivalent resistivity of PVC
layer.

IV. CONCLUSION

This study was initially focused on controlling the
ESP voltage by using a motorized potentiometer.
This technique is very practical and has considerably
reduced the frequency of sparks by using an
automatic control for the discharge current produced
by the ESP, which doubles collection efficiency from
its original value. The in-situ deduction of the dust
layer resistivity as a function of time can be
performed when the value of the surface potential is
known. The equivalent resistivity of the dust layer
depends on several factors, such as particle size,
compactness of the deposit, applied electric field
strength, temperature, and humidity. Therefore, the
instantaneous deduction of the pollution layer
resistance provides an online evaluation of filtration
efficiency.
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