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Abstract: Electrostatic precipitators are designed for highly efficient cleaning of process gases and aspiration air from solid or liqu id 

particles released during technological processes in various industries. To improve the design of the plate electrostatic precipitator and 

eliminate its lack of insufficient intensity of shaking of the electrostatic precipitator plates, a design of the system for cleaning electrodes of 

the electrostatic precipitator based on the prototype was chosen, which provides multilevel shaking (top, bottom, side of the plates) in the 

process of continuous operation of the plate electrostatic precipitator and increases the intensity of shaking dust from the plates of the 

electrostatic precipitator. 
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1. Introduction

Electrostatic precipitators are used in the energy, metallurgy, 

building materials industry, chemical and petrochemical industries, 
etc. Therefore, the dust cleaning stage should be considered an 

integral part of the effective operation of industrial enterprises, 
which ensures compliance with the permissible sanitary and 

hygienic standards for dusty emissions into the environment. The 
task of efficient cleaning of combustion products is performed, as a 

rule, by electrostatic precipitators of various designs, in which one 
of the most important is the system for cleaning the electrodes from 

dust. 

2. Problem discussion

Cleaning systems refer to systems for the release of settled dust 
from the plates of electrostatic precipitators, carrying out beating, 

vibrating, shaking off or ultrasonic processes for cleaning the 

collecting electrodes. Electrode cleaning systems for electrostatic 
precipitators are designed to continuously or periodically free the 

electrodes from dust deposited on them, and operate in areas of high 
electrical voltage. Such systems are essential for the efficient 

operation of electrostatic precipitators. 
Continuous cleaning systems are used to continuously clean the 

precipitation electrodes of an electrostatic precipitator. The 

regulation of the degree of cleaning of the electrodes is carried out 
by the constructive placement of the cleaning systems, their 

selection of a relatively selected electrostatic precipitator, and the 
determination of the forces by which they interact with the 

electrodes. More efficient cleaning is carried out due to the 
interaction of cleaning systems possible with a larger area of the 

collecting electrode. Thus, by increasing the area and forces of 
interaction of the cleaning systems with the collecting electrode, it 

is possible to increase the level of their cleaning.  

The disadvantages of plate-type electrostatic precipitators are 
the relatively high cost of the apparatus and increased safety 

requirements during operation. Also in plate-type electrostatic 
precipitators there is a difficulty in removing the settled dust on the 

plates. 
Of the listed disadvantages of plate-type electrostatic 

precipitators, this work will consider the problem of increasing the 
efficiency of the system for cleaning the electrodes from dust in 

order to increase the intensity of the stripping of the plates. 

3. On the design features of electrostatic

precipitators for choosing a method for improving the 

electrode cleaning system 

Electrostatic precipitators are designed to capture dust with a 
particle size of up to 0.1 microns from air and gases of various 

chemical composition, humidity and temperature [1]. 

By design, the electrostatic precipitators are similar to the 
electric separators with corona electrodes. The precipitation 

electrodes of electrostatic precipitators are made in the form of 

grounded metal vertical pipes or plates, and the corona electrodes 
are in the form of metal rods installed inside the pipes or between 

the plates. Corona and collecting electrodes are installed in sealed 
chambers, through which a gas-dust mixture passes from bottom to 

top or from left to right between the electrodes. 
According to the method of regeneration of collecting and 

corona electrodes, electrostatic precipitators are dry and wet. In wet 
electrostatic precipitators, the electrodes are rinsed with the required 

amount of liquid to remove dust. In dry electrostatic precipitators, 

vibration, magnetic-pulse, shock-hammer and shock-spring shaking 
systems are used to remove deposited dust [2]. 

In a plate electrostatic precipitator, collecting electrodes are 
made in the form of parallel smooth metal sheets or nets stretched 

on a frame, between which corona electrodes are suspended in the 
form of nichrome or fechral wires. To clean hot gases, collecting 

electrodes in the form of corrugated sheets or rods are used to avoid 
warping. 

There are vertical plate electrostatic precipitators (with gas flow 

from bottom to top) and horizontal (with horizontal gas flow). To 
improve the cleaning of gases, multisection electrostatic 

precipitators are used with a series connection of sections [1]. 
The residence time of gases in the electrostatic precipitator 

greatly affects the quality of cleaning. Many years of experience 
have shown that the velocity of gases in electrostatic precipitators is 

low (within the range from 0.5 to 2 m / s), and the residence time in 

the filter is significant (from 2 to 9 s). Therefore, electrostatic 
precipitators are rather cumbersome. But their hydraulic resistance 

is low (from 50 to 200 Pa). The cleaning factor, especially with fine 
dust, is high (95-99%). They are good at capturing particles smaller 

than 10 microns. Energy consumption for cleaning is insignificant 
and amounts to 0.10-0.15 kWh per 1000 m3 of gas to be cleaned. 

The main disadvantages of electrostatic precipitators: high cost and 
the need for highly qualified service personnel [2]. 

The process of collecting dust entering the electrostatic 

precipitator with flue gases can be roughly divided into four stages: 
1) charging ash particles with ions formed in the ion discharge

zone; 
2) the movement of charged ash particles in the interelectrode

space towards the collecting electrode under the action of electrical 
and aerodynamic forces; 

3) deposition and retention of ash particles on the surface of the

collecting electrodes; 
4) removal of dust settled on the electrodes into the hopper.

It is the improvement of the cleaning system due to the choice
of more intensive stripping of the electrodes in the plate-type 

electrostatic precipitator that will be given attention in this work. 
Horizontal multi-field electrostatic precipitators are continuous 

devices. Dust is removed from the electrodes by shaking them 
without disconnecting the electrostatic precipitator from the power 

source and the flue gas flow. In this case, part of the dust will 
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inevitably enter the gas stream. This process is called re-
entrainment and is the main reason for the reduced efficiency of dry 

electrostatic precipitators in comparison with wet ones, in which the 
deposition of particles occurs on a water or oil film and there is no 

re-entrainment. The amount of re-entrainment is in direct proportion 
to the interval between shaking of the collecting electrode and the 

intensity of dust blowing off. 

In domestic electrostatic precipitators, each collecting electrode 
is shaken after 3 minutes, regardless of the dust content of gases, 

cleaning efficiency, gas velocity, etc. 
Known serial electrostatic precipitators (analogue) of the UG, 

EGA type, in which the shaking of the collecting electrodes is 
carried out in the lower part from the side, and the discharge 

electrodes are shaken from the side in the middle part [2, 3]. 
There is also known an electrostatic precipitator, in which the 

shaking beam is located in the middle of the height of the collecting 

electrode. 
The main disadvantage of analogs and the prototype is the fact 

that the shaking pulse is applied to the electrode in any one place. In 
this case, the shaking impulse decreases from the impact site to the 

periphery. In this case, shaking the electrodes with a height of 14 ÷ 
25 m will be insufficient. Gentle shaking of the electrodes will lead 

to the deposition of dust on the electrodes and a decrease in the 

degree of gas purification. 
The gas to be cleaned enters the active zone of the electrostatic 

precipitator, where the deposition of dust particles from the gas 
takes place. Most of the dust is deposited on the collecting 

electrodes, part of the dust is deposited on the corona electrodes. To 
capture dust with the design efficiency, it is necessary to ensure the 

required cleanliness of the deposition surface. For this purpose, 
shaking mechanisms are used. However, with an increase in the 

height of the electrode system, the existing design of electrostatic 

precipitators does not provide the required dust removal. The 
formed non-shake-off layers of dust reduce the electric power 

supply mode of the electrostatic precipitator, which leads to a 
decrease in the degree of gas purification by the electrostatic 

precipitator. 
Therefore, as a result of a literature and patent search for 

options [1-4] for improving the system for cleaning electrodes from 

dust of a plate electrostatic precipitator, a prototype with a 
multilevel system of stripping (top, side and bottom) [4] was chosen 

to ensure a greater intensity of stripping of electrodes from dust. 

 

4.  Results and discussion of the improved cleaning 

system of electrodes of a plate-type electrostatic 

precipitator 

 
In the chosen version of the improvement of the electrodes 

cleaning system of the plate electrostatic precipitator, the 
disadvantage when a shaking pulse is applied to the electrode in any 

one place is excluded due to the fact that the collecting and corona 
electrodes with a height of 14 ÷ 25 m are shaken in two levels, 

while the collecting parts horizontally or vertically directed blows, 
and from below by horizontal blows at the level from the bottom of 

the electrode 0.001 ÷ 0.01 of the height of the collecting electrode 
each; the corona electrodes are shaken from above with vertically 

directed shocks and from the side with horizontally directed shocks 

at a level from the bottom of the electrode 0.1 ÷ 0.5 of the height of 
the corona electrode each. This arrangement of the mechanisms for 

shaking the corona and collecting electrodes makes it possible to 
provide the required acceleration values over the entire area of the 

electrodes with a height of 14 ÷ 25 m. Due to this, there will be no 
unshakeable areas on the electrodes, which excludes a decrease in 

the efficiency of the electrostatic precipitator [4]. 
The proposed design of a multilevel system for cleaning 

electrodes from dust of a plate-type electrostatic precipitator is 

shown in Fig. 1.  
The presented design of a plate electrostatic precipitator with an 

improved system for cleaning electrodes is shown in Fig. 1 contains 
a shaking hammer of the discharge electrode from above and from 

the side 1, anvils 2 and 3, a suspension beam of a collecting 
electrode 4, elements of a collecting electrode 5, a frame of a corona 

electrode 6, hammers for shaking the collecting electrodes from 
above and below 7 and 8, an element of a corona electrode 9, an 

anvil of shaking collecting electrodes 10, collecting electrode 11, 
corona electrode 12, drive for shaking the collecting electrodes from 

the bottom 13, drive for shaking the collecting electrodes from 

above 14, a drive for shaking the discharge electrodes from above 
15, a mechanism for shaking the discharge electrode.  

Polluted air enters from one end of the horizontal plate 
electrostatic precipitator, passing through the rows of plates, ionized 

particles settle on the 11 collecting and 12 corona electrodes, while 
tapping off by mechanisms 1, 7, 8, 16 occurs, while the corona 

electrode and two adjacent collecting electrodes are not shaken off 
at the same time [4]. 

 

 

 

Fig. 1 The design of a plate-type electrostatic precipitator with an 
improved multi-level electrode cleaning system. 

 

Fig. 2, 3, 4 shows the designs of a multilevel impact-hammer 

system for crushing a plate electrostatic precipitator in an improved 
system for cleaning electrodes from dust: from above (Fig. 2), from 

below (Fig. 3) and from the side (Fig. 4). 

 

Fig. 2 General view of the hammer-impact system for stripping 
electrodes from above in an improved plate electrostatic precipitator  

 

 

Fig. 3 General view of the hammer-impact system for stripping 
electrodes from below in an improved plate electrostatic precipitator   
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Fig. 4 General view of the hammer-impact system for stripping 
electrodes from the side in an improved plate electrostatic precipitator   

 
The activation of the shaking mechanisms in the upper and 

lower parts can be carried out in two ways: 
- separate inclusion; 

- simultaneous inclusion. 

With the simultaneous activation of the shaking mechanisms, 
oscillations are superimposed. The beats arising from the 

superposition of vibrations from two sources contribute to a more 
thorough shaking off of dust from the electrodes, since the 

amplitudes of the oscillations double, which leads to a twofold 
increase in the magnitude of the accelerations shaking off the dust 

[4]. 

5.  Conclusions 

The proposed improved multilevel system for cleaning the 

electrodes of the plate electrostatic precipitator (top, bottom and 
side) allows for more intensive dusting from the electrodes. 

Namely, to exclude the presence of an unbroken layer of dust, to 
ensure the required degree of cleanliness of the collecting and 

corona electrodes and, accordingly, to achieve the standard degree 
of gas purification, namely, to ensure the necessary dust emissions 

at a level of up to 50 mg / m³. 
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