
Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No.3/2020  

77 

 

 

 

 

 

 

ELECTROSTATIC PRECIPITATOR PHYSICAL MECHANISMS – DEUTSCH 

MODEL 
 

LUCICA ANGHELESCU, University “Constantin Brâncuși” of Tg-Jiu 

MIHAI CRUCERU, University “Constantin Brâncuși” of Tg-Jiu 

BOGDAN DIACONU, University “Constantin Brâncuși” of Tg-Jiu 
 

 

ABSTRACT:  The physical processes that take place inside an ELECTROSATIC PRECIPITATOR are particularly 

complex. The difficulties of understanding them come, for the most part, from the fact that in an electrostatic filter there is 

a complex interaction of several phenomena: corona discharges, gas flow, electric charge of particles, etc. A deep 

understanding of these phenomena and the interdependencies between them requires, first of all, a good knowledge of the 

concerns that take place in this field. Outstanding results can be obtained in such a cutting-edge field only after complex 

studies combining experimental and theoretical modeling. 
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INTRODUCTION 

The most important problem of the modern age 

is air pollution, an extremely complex 

phenomenon that has become the object of 

interest of many international organizations. 

In general, we can speak of a regional pollution, 

which consists in the contamination of the 

atmosphere by liquid, solid or gaseous waste or 

by-products that endanger the health of people, 

plants and animals or can attack materials, 

reduce visibility or cause unpleasant odours. On 

a global scale, the elimination or accumulation 

in the atmosphere of certain products, lead to 

irreparable consequences on the natural balance 

of the planet: the destruction of the ozone layer 

and global warming of the atmosphere. The 

results are already visible: on the one hand, the 

Earth's surface is constantly subjected to 

ultraviolet radiation that is no longer 

sufficiently filtered by the ozone layer and 

which is extremely harmful to life, and on the 

other hand, global warming causes significant 

climate change. Under these conditions, most 

industrialized countries have issued certain laws 

in recent decades on maximum permissible 

levels of air pollution. Thus, there is a very 

intense concern for improving the existing 

means of filtration or for finding new, more 

efficient and less expensive solutions. 

Energy systems have an important share of 

pollutant emission sources (especially thermal 

power plants). Among the filtration techniques 

most often used to retain particles in gases 

resulting from various industrial activities, an 

important place is occupied by electrostatic 

precipitators (also called electrostatic filters). or 

electrostatic precipitator). These filtration 

systems are based on the principle of operation 

of electrically charging the particles so that they 

are retained. Under the action of the electric 

field, the collected particles are deposited on the 

surfaces of some collection electrodes [1]. From 

the point of view of the mass of the collected 

particles, the electrostatic precipitators ensure a 

filtration efficiency higher than 99%. Another 

great advantage of these filters is the fact that 

they can treat very high gas flows, while 

producing very small pressure losses in their 

exhaust systems. Although the filtration 

efficiency of electrostatic precipitators is very 

high, recent studies have shown that the yield of 

particles with diameters between 0.1 and 1μm is 



 

very low. Interest in improving the operation of 

these facilities has increased considerably as a 

result of research that has shown that fine 

particles are the most harmful to health [2]. In 

Romania there are over 500 electrostatic 

precipitators of different generations, as 

follows: 

- generation I of electrostatic precipitators, 

designed and built between 1970 and 1980 with 

an efficiency of 99% (dust emissions between 

300 and 800 mg / Nm3); 

- the second generation of electrostatic 

precipitators, designed and built between 1980 

and 1990 with an efficiency of 99.5% (dust 

emissions between 150 and 300 mg / Nm3); 

- the third generation of electrostatic 

precipitators, designed and built after 1990 with 

an efficiency of 99.9% or even better, 

installations that must meet the requirements of 

the legislation in force regarding the values of 

dust emissions into the atmosphere [3]. 

 

1. DEUTSCH MODEL 

In industrial electrostatic precipitators, the gas 

flow in the interelectrode space is always a 

turbulent flow. The turbulence is given in part 

by the main flow, but mainly due to the ionic 

wind phenomenon. The motion of particles is 

largely determined by the simultaneous 

presence of existing eddies in the gas flow and 

electric forces exerted on them. Thus, the 

trajectories of particles are extremely 

complicated and, in general, cannot be 

determined by simple analytical expressions 

[3]. In 1919, Anderson noted (after a series of 

experiments) that the percentage of uncollected 

particles (escaped from the precipitation 

process) decreases exponentially with the value 

of the length of the precipitator. Three years 

later, Deutsch conducts a theoretical analysis in 

which he argues for this behaviour. In 1950, 

White found a formula identical to Deutsch's, 

based on the probability of collecting particles 

of the same diameter (mono-dispersion) [4]. 

In the case of its model, Deutsch considers the 

existence of two areas [5]: 

• the middle area or "heart" of the precipitator in 

which the particle concentration is considered 

uniform in cross section. The average flow rate 

is considered constant. 

• portion of laminar flow with a very small 

thickness, close to the collector plate (figure 1). 

The hypothesis of the existence of a uniform 

concentration of particles in the entire cross 

section of the filter is equivalent to considering 

a perfect mixture of the gas-particle suspension. 

This actually involves turbulence of infinite 

intensity in the middle of the precipitator. A 

particle can only be collected if it is in the 

laminar layer located near each collector plate, 

where Coulomb's force is dominant [6]. 

 
 

Figure 1. Schematic representation of the 

laminar layers and the mass balance of the 

particles on an elementary length dx. 

In the laminar area the electric field is assumed 

to be uniform and the velocity of the particles in 

the direction perpendicular to the plates is 

assumed to be constant and has the value 

calculated by the following expression: 
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We consider two cross sections located at a 

distance dx from each other, in the direction of 

gas flow. 

In the volume dhdx  where h represents the 

height of the plates, we distinguish: 

• )( dhUc g 


– the flow of particles entering 

through the section on the abscissa x, 

• dhUdcc g −


)( - the flow of uncollected 

particles exiting through the section located on 

the abscissa x + dx, 
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• )( dxhwc E  -the flow of particles captured at 

a distance dx, 

The following relation is found: 

dxhwcdUhdccdhUc Egg −−=


)(  

Integrating along the entire length L of the filter, 

the dependence between the concentration of 

particles at the inlet and outlet of the precipitator 

is obtained: 
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expression leading to the Deutsch-Anderson 

formula: 
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where: A is the total area of the collector 

electrodes and V is the volume flow of the gas. 

Even today, this model is used as a first step in 

the sizing calculations of new filters. 

The most discussed Deutsch model hypothesis 

is that of the particle concentration which is 

assumed to be constant in the cross section of 

the filter. Some studies show that this is far from 

uniform: the structure of the gas flow and the 

phenomenon of electrophoresis remove 

particles from the central area by directing them 

to the collector plates. In general, the velocity of 

particles perpendicular to the plate is considered 

equal to the theoretical migration rate [7], [8]. 

This model ignores all the phenomena that can 

diminish the collection efficiency, such as: the 

re-entrainment of the collected particles by the 

gas flow, the influence of the free particle 

charge on the corona discharge, etc. 

Considering the ratio f = A/V the specific 

deposition surface, then it can be calculated 

with the relation: 
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The physical processes that take place inside an 

electrofilter are particularly complex. The 

difficulties of understanding them come, for the 

most part, from the fact that in an electrostatic 

filter there is a complex interaction of several 

phenomena: corona discharges, gas flow, 

electric charge of particles, etc. A deep 

understanding of these phenomena and the 

interdependencies between them requires, first 

of all, a good knowledge of the concerns that 

take place in this field. Outstanding results can 

be obtained in such a top field only after 

complex studies that combine experimental 

modelling with theoretical [9], [10]. 

 

CONCLUSIONS 
Following the bibliographic study performed in 

the field of electrostatic precipitation, it was 

found that there are still a number of problems 

related to particle filtration. 

In order to understand the complexity of the 

phenomena that take place in the electrostatic 

filters, it is necessary to study the different 

problems that lead to the decrease of the 

collection efficiency; their importance as well 

as ways of limiting them must be analysed. The 

basic conclusion was that, depending on the 

geometric shape of the electrodes and 

depending on the applied electric potential, the 

electrical conditions change. The collection is 

generally influenced by the average gas velocity 

and the intensity of the turbulence. Depending 

on these parameters, several models of 

electrostatic precipitators must be made to allow 

the knowledge of the evolution in time of the 

electric charge of the particles by the 

experimental determination of their trajectories. 

To understand how particles, accumulate charge 

to be captured, the main charging mechanisms 

must be analysed: field and diffusion. It is 

known that the particles present in a gas are 

carriers of accumulated electric charge due to 

friction phenomena, either by thermal effect or 

due to natural terrestrial radiation. The size of 

the electric charges accumulated by a particle 

depends on its intrinsic properties, but also on 

the electric field existing in the considered 

space. These loads are too small for an 

externally applied electric field to change the 

trajectories of these particles. An efficient 

action of an electric field requires that the 

particles have an electric charge as high as 

possible. 

Combining electrostatic filtration with wet flue 

gas desulphurisation plants is the most effective 
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method of limiting dust emissions, but 

desulphurisation plants are complex and require 

high investment. 
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