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 The article deals with the application of the method for mathematical 

modeling and simulation at solving some issues in the area of electrostatic 

technology. It focuses on the processes in electrostatic separation and 

precipitation. Computer simulation is highly required for equipment design 

and for their diagnostics in critical operating states using theoretical 

calculations and experimental data evaluation. The presented computer 

models may be applied both by project and design engineers using the most 

advanced computer-aided design of electrostatic technologies. 
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1. INTRODUCTION 

Up to present, in the study of electric separation and sorting process, as well as in the development 

of relevant equipment, the attention has been primarily directed towards constructional and operational 

aspects with empirical knowledge being the main and practically the sole source of information. 

Notwithstanding that ballistics of a particle (knowledge of the equation of motion and its solutions) is a 

keystone of the theoretical analysis of the electric separation and sorting, any comprehensive solution of the 

examined subject has not hitherto been found. A few attempts, trying to elucidate the issue by means of 

approximate methods, achieved only limited success. They could unravel the issue at the kinematic level, 

albeit only under conditions of not taking full account of all the factors affecting the ballistics of motion. The 

use of numerical methods for structuring the ballistics of particles was unfeasible, principally due to the 

absence of any appropriate possibilities for calculation. 

The primary goal of the current research is to contribute to some extent to build a theoretical basis, 

inevitable for a further study of the electrostatic technology processes. The intention is not to disclose the 

essence of the investigated phenomena, but to identify the potential application areas for the research 

findings. The secondary, but not marginal goal of the research is to explore the effects of the direct and 

alternating (hereinafter DC and AC) electric fields on the transport of electrically charged particles. Marton 

[1-3] and Dţmura [4-6] focused on a particular shape, given by the geometry of a particle. In their 

calculations, they did not take full account of all the factors affecting the motion of particles in the electric 
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field created by high voltage. The most comprehensive experiments have been conducted by [7-14]. The 

research method of mathematical modelling and computer simulation has proven to become a powerful 

approach for understanding the complexity of a physical, biological, chemical system [15-18]. It enables to 

examine the system based on virtual prototyping. 

 

 

2. COMPUTER MODEL OF OF ELECTRIC SEPARATOR OF CYLINDRICAL TYPE  

2.1. Description of the Physical Model 

The charged (e.g. by corona charging) macroscopic particles in the separator inflow jet area are 

carried by the flowing gas into the separation space (Figure 1). 

The separation space is created by a set of coaxial cylindrical electrodes (a thin bar or a piece of 

wire may serve as the internal electrode) among which the direct (hereinafter DC) or the alternating (herein 

after AC) electric field is generated depending on the type of electrode charging. The force interaction of the 

electric field and the charged particles causes the separation and the sorting of these particles from the air 

mass to the external electrode wall. The use of inhomogeneous electric field separators or sorters (as it is in 

the studied case) unlike the homogeneous electric field equipment requires to take account of gradient force 

and its coeffects (together with some other factors) on the dynamics of a macroscopic particle. The choice of 

the coordinate system and the kinematic scheme is shown in Figure 1. According to Figure 1, the system of 

forces affects the motion of particles as shown in Figure 2. 

 

 

 
 

 

Figure 1. Kinematic scheme 

 

Figure 2. System of forces 

 

 

2.2. Abstract Synthesis of the Mathematical model 

Newton’s kinematic equation (the mathematical model) for the motion of a macroscopic particle in 

the separator space (shown in Figure 1) charged by DC voltage takes the following form: 
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If the separator is charged by AC voltage, the equations take the forms:
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Cauchy initial conditions for the solution of the system of differential equations (constructed by us) 

for the chosen coordinate system the following form: 

 

r(0) = r0 ; vr(0) = vr0 ; y(0) = y0 ; vy(0) = vy0      (5) 

 

The following relation (6) was taken from [19] where it had the form FgradGVr 
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Note: The derivation of the relation results by the fact that the particle in the electric field is also 

charged by q0. The particle is affected by the vector sum of forces, the gradient force affecting the dipole 

moment according to (7) and the force affecting the charge generated in the charging process (8). 
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To simplify it, it is considered that the vector E has only the direction x. Then the resulting force is 

as follows: 
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The research method of mathematical modelling and computer simulation has proven to become a 

powerful approach for understanding the complexity of a physical, biological, chemical system. It enables to 

examine the systems based on virtual prototyping. An original physical system is replaced by its computer-

based virtual prototype to be used for various computer experiments whose results are then applied to the 

original physical system. 

 

2.3. Synthesis of the Computer Model and Simulation 

Based on the model of the separator (synthetized above), this work simulates the separation and 

sorting of the particles with varying size and weight, but with identical material parameters. In order to 

reflect the real technological conditions we selected the parameters of the particle 1 and the particle 2 were 

selected in accordance with the measurements carried out in [19], [20]. 

The constructed systems of the differential equations are systems of non-linear differential equations 

(due to the nonlinear differential Equations (1) and (3)). Since the analytical solution of such equations has 

not been possible, the approximation of the methods is the only way of solving the given set of equations. 

The Runge-Kutta 3 method in the Matlab software were used to carry out the execution of the tasks. The 

system of the differential equations of motion (the mathematical model) was solved numerically in the 

Matlab computational environment with the following values: 

a. particle 1: q = 0,5∙10
-8 

C; m = 1∙10
-3

 kg;  εr = 3,5 ;   R = 2,5∙10
-3 

m ; 
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b. particle 1: q = 0,4232∙10
-8 

C; m = 0,807∙10
-3 

kg;  εr = 3,5;  R = 2,3∙10
-3 

m; 

Moreover, Matlab offers an opportunity for the computational modelling of all the relations among 

the state values of the modelled system. In the present research, it assists to solve the following tasks: 

a. kinematics of the particle motion in the modelled  physical system, 

b. dynamics of the particle motion in the modelled  hysical system, and, 

c. values characterizing the electric field. 

These values are presented in following graphs of Figure 3 to Figure 10 

 

 

  
 

Figure 3. Graphical representation of the motion 

trajectory of particle 1 (red) and particle 2 (blue) 

moving in the space of the separator charged by DC 

voltage 

 

Figure 4. Graphical representation of comparison of 

forces affecting particle 1 in the relation F = f (r), (DC 

voltage), Fgrad - red, FSr – dark blue, FE - green, FG - 

light blue 

 

 

  
 

Figure 5. Graphical representation of motion 

trajectory of particle 1 (red) and particle 2 (blue) 

moving in the space of the separator charged by AC 

voltage 

 

Figure 6. Graphical representation of comparison of 

forces affecting particle 1 in the relation F = f (r), 

(AC voltage), Fgrad - red, FSr - dark blue, FE - green, 

FG - light blue 

 

 

2.3. Analysis and Discussion on the Simulation Results 

A proper control over the separation technological process is guaranteed by achieving a high degree 

of control over the kinematics and dynamics of the particles motion in the separator space. This is not 

workable without recognizing and identifying the effects of the individual quality and quantity factors on this 

motion. This is exactly what the current research is aimed at. The key finding that resulted from the present 

computer simulation may be drawn as follows: when analyzing dynamics of the charged macroscopic particle 

motion in the separator, it is necessary that also gradient force will be taken into account because gradient 

force is comparable with the other force interactions (see Figure 4 and Figure 6). 

Another important accomplishment is the revealing of the possible occurrence of critical operating 

states of the separator provided that it is charged by AC voltage (see Figure 8.). The blue curve in Figure 8 

illustrates the relation vr (t) for t = (0;0,01s) provided that φ0= 0°. The red curve in Figure 8 illustrates the 
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same relation provided that φ0 = 180°. The conducted investigation showed that under the condition of φ0 

= 180°, the operation of the separator may become critical. If this is the case, the velocity of the motion vr (t) 

takes the opposite direction in comparison to the one stated as the positive one. If the velocity of the motion 

reached a negative value during the time t close to zero, the particles would adhere to the wall of the 

separator. It would then depend upon nothing but the value vr (0) and the adhesive conditions. It is essential 

that this observation will be taken into consideration in the process of designing and constructing an AC 

voltage separator. 

 

 

  
 

Figure 7. Dependence Er = f (r) on the trajectory of 

the particle motion in the space of the separator 

charged by DC voltage 

 

 

Figure 8. Graphical representation of velocity of 

particle 1 motion in the space of the separator 

(shown in Figure 1) charged by AC voltage. The 

relation vr = f(t)) in the case of ϕ0 = 0° (blue), 

in the case of ϕ0 = 180° (red) 

 

 

  
 

Figure 9. Graphical representation of the motion 

trajectory of a particle moving in the inter-

electrode space specified according to Figure 1 

(dependency y = f(r)). (Red color represents the 

trajectory in the case of motion in the field of 

space charge, blue color is used for the non-

existence of space charge) 

 

Figure 10. Graphical representation of the intensity 

course of the electric field (dependency Er = f(r) - red) 

in the interelectrode space according Figure 1. (Blue 

color shows the course in the case of non-existence of 

space charge, green is for “deformation contribution”) 

 

 

 

The most important research contributions are: 

a. The improvement of the existing research methods in the technology of separation and sorting (the 

emphasis has been so far put on constructional and operational aspects with empirical knowledge being 

the main and practically the sole source of information), 

b. The parallel solution of the aspects of the kinematics, the dynamics, and of the electric field of a moving 
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macroscopic particles (in the real environment of electrostatic technologies). 

Unlike the past, the proposed method offers a more complex solution to the issue. It solves the issue 

not only from the viewpoint of kinematics but also from the viewpoint of dynamics and of the theory of the 

electromagnetic field taking into account all the major factors affecting the ballistics of a particle. According 

to it, the then used empirical methods were capable of solving only the kinematics of a particle but not its 

dynamics, therefore the method proposed seems to be at the moment the only complex solution. The overall 

result of the present computer simulation is the knowledge that the operation of the examined type of a 

separator is also basically possible when it is charged by AC voltage (it is necessary to consider the possible 

occurrence of critical operating states). 

Analogically, it is possible to synthetize a computer model of the separator with the electric field of 

spatial charge distribution (the model is even more identical to the real model) and to use it for the simulation 

of particle separation and sorting (including programming equipment as well as programming technology). 

This problem is dealt with in details in [19], where the following issue was selected and discussed: The 

motion of a particle of macroscopic size in the electric field of a space charge (the density of the space charge 

is ρ = k/r) as shown in the Figure 1. 

The solution of the electric field are: 
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For boundary conditions: 
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Equations of motion (mathematical model) are: 

 

 
dt

dr
R6)r(E.q

dt

rd
m r2

2


       (15) 

 

 dt

dy
R6mg

dt

yd
m

2

2


        (16)

 

 

The solution is for the values: 

p.p : r(0) = 0,005 m ; vr (0) = 15 m/s ;   y(0) = 0 m ;    vy (0) particle: q = 1.10
-8

C ;   m = 5,5.10
-8

 kg; 

R = 0,5.10
-3

 m r : U = 15000 V;  rl = 0,005 m ; r2 = 0,5 m, k = 6.10 -5 ; Cl = 1.105 ; s0 = 8,854.10-12 F/m 

dynamic viscosity of the environment: ƞ = 18,1.10-6 kg/ms. 

 

 

3. COMPUTER MODEL OF OF ELECTRIC SEPARATOR OF CYLINDRICAL 

Macroscopic particles diffused in the surroundings of coronary electrode, which is connected to 

alternating high voltage, are not charged by hypothesis. For this reason it is necessary to create an electro-

physical condition for the creation of monopolar electrical charges in the area of feeder embouchure. One 

possibility is to utilize the physical phenomena in metal-dielectric-gas boundary. During the conducted 
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experiments a coaxial precipitator with four various coronary electrodes has been constructed. The PVC tube 

serving as collecting electrode is the basic part of precipitator. 

Thin aluminum electrode is attached on the outside of the tube and it creates the ground electrode. 

Within the tube there is fixed a thin cooper wire serving as coronary electrode. The experiment used four 

types of coronary electrode. One of them is a linear electrode and the others are spiral electrodes with various 

rises (Figure 11). The function of coronary electrode is the creation of strong inhomogeneous electric field. 

This field can be created by electrodes with a small radius of bend. If the coronary electrode is positive, the 

new electrons are created as consequence of bombing a point by electrons. If the coronary electrode is 

negative, it is analogical, but the difference is that the avalanches emitted by the negative point are moved to 

more homogeneous field, and as a consequence the mobility and ability to ionize decrease. 

In the electrical precipitator supplied by alternating voltage by using the metal coronary electrode 

the insulating barrier is used as a collecting electrode. For maximal efficiency it is necessary to choose 

insulating materials with great value of resistance and permittivity. The choice of materials depends on 

another non electrical quantity as for example the temperature of flying gas, enough mechanical solidity and 

etc. Insulating barriers must not change their mechanical and dielectric attributes under the influence of 

temperature. 

For finding the efficiency of precipitator model three types of dust from thermal power plant with 

different values of resistance were used. The model of precipitator with length 30cm has an efficiency in the 

range of 60 % to 97 % for each of the dust type. Provide a statement that what is expected, as stated in the 

"Introduction" chapter can ultimately result in "Results and Discussion" chapter, so there is compatibility. 

Moreover, it can also be added the prospect of the development of research results and application prospects 

of further studies into the next (based on result and discussion). 

 

 

 
 

Figure 11. Sections configuration of cascade tubular precipitator supplied by alternating high voltage 

 

 

Table I. Average values of efficiency for each of sections of cascade tube-type precipitator supplied by 

alternating voltage 
 Efficiency [%] 

Dust with 
ρe = 3 Ω∙m 

Dust With 
ρe = 13 Ω∙m 

Dust with 
ρe = 800 Ω∙m 

Linear electrode 77.77 58.77 98.51 

2,5 cm spiral electrode 87.10 65.42 90.99 
4 cm spiral electrode 75.21 61.06 93.07 

7 cm spiral electrode 72.20 58.79 94.32 

 

 

4. CONCLUSION 

Computer simulation is becoming a useful tool in the implementation of the research findings into a 

manufacturing process. It can assist in the process of designing and constructing a new type of an AC 

separator. It can also help to get it into practice and thus move research findings into the real conditions. The 

presented computer models may be applied both by project and design engineers using more advanced 

computer-aided design of electrostatic technologies, e.g. in the areas where computer simulation is highly 

required such as prognosing and diagnosing critical operating states. In conclusion, it is important to draw 

attention to the following: in the case of the existence of a great number of the particles (the more identical 

model to the real model) and their interactions (due to which they influence each other) it is recommended to 
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use a statistical approach and stochastic computer modelling of the above-mentioned processes (the creation 

of the stochastic computer model is described in the dissertation thesis [19], [20]). 

 

 

ACKNOWLEDGEMENTS 

This work was supported by the scientific Grant Agency of the ministry of Education of the Slovak 

Republic projects: KEGA No. 02UMB-4/2015 The creation modern textbooks and workbooks for technical 

subjects in lower secondary education. 

 

 

REFERENCES  
[1] Parker K. R. (1997): “Applied Electrostatic Recipitation. Blackie Academic and Professional,” London 1997, ISBN 

0-7514-0266-4 . 

[2] Marton K., Dţmura J.: "Motion of macroscopic particles in direct and alternating high voltage electric field", In. 

Symposium on High Voltage Eng., Graz, VOl. 8 p. 8377-1-4 ISBN 0-7514-0266-4. 

[3] Timko, M., Marton, K., Tomčo, L., Kiraly, J., Molčan, M., Rajňak, M., Kopčanský, P.,  Cimbala, R., Stoian, F., 

Holotescu, S., Taculescu, A.: “Magneto-dielectric properties of transformer oil based magnetic fluids in the 

frequency range up to 2 MHz / - 2012”, In: Magnetohydrodynamics. Vol. 48, no. 2 (2012), p. 427-434. - ISSN 

0024-998X. 

[4] Dţmura J., Petráš J., Balogh J., Cimbala R.: "Unconventional Precipitator Supplied by AC", in Electrotechnika, 

Electronika, Automatica, vol. 57 (2009) (no.2) p. 21-24, ISSN 1582-5175. 

[5] Zakaria Al-Omari, A. Hamzeh, Sadeq A. Hamed, A. Sandouk, G. Aldahim (2015) : “A Mathematical Model for 

Minimizing Add-On Operational Cost in Electrical Power Systems Using Design of Experiments Approach,” in 

International Journal of Electrical and Computer Engineering (IJECE) Vol 5, No 5, (2015),ISSN: 2088-8708. 

[6] Dzmura, J.: “Nabíjateľnosť a transport častíc makroskopickej veľkosti v silne nehomogénnom elektrickom poli,” 

Dizertačná práca, Košice 2003. 

[7] L. Lisoň, I. Kolcunová, J. Zbojovský, M. Kmec: “Research of electrophysical properties of oil-paper insulation,” 

In: EPE 2014 : proccedings of the 2014 15th International Scientific Conference on Electric Power Engineering : 

Brno, 12. - 14.5.2014. - Brno : University of Technology, 2014 P. 403-406. - ISBN 978-1-4799-3806-3. 

[8] Podliňski, J., Niewulis, A., Shapoval, V., Mizeraczyk, J.: "Electrohydrodynamic Secondary Flow and Perticle 

Collection Efficiency in a One-sider Spike-plate Type Electrostatic Precipitator". in IEEE Transactions on 

Dielectrics and Electrical Insulation. ; vol. 18 (no 5 october 2011) : p. 1401-1407, ISSN: 1070-9878. 

[9] Ali Mahdavi Hormat, Karim Faez, Zeynab Shokoohi, Mohammad Zaher Karimi (2012): “The new method of 

Extraction and Analysis of Non-linear Features for face recognition,” in International Journal of Electrical and 

Computer Engineering (IJECE) Vol 2, No 6, (2012), ISSN: 2088-8708.  

[10] Uma D (2017) : “Modeling and Simulation of VSI Fed Induction Motor Drive In Matlab/Simulink,” in International 

Journal of Electrical and Computer Engineering (IJECE) Vol 7, No 2, (2017), ISSN: 2088-8708  

[11] Farnoosh N., Adamiak K., Castle P.: "Numerical Calculations of Submicron Particle Removal in a Spike-plate 

Electrostatic Precipitator", in IEEE Transactions on Dielectrics and Electrical Insulation. ; vol. 18 (no 5) october 

2011 : p. 1439-1452, ISSN: 1070-9878.  

[12] Dumitran L.M., Blejan 0., Notingher P.V. Samuila A. Dascalesku L.: "Particle charging in combined Corona-

electrostatic fields,” in IEEE Transactions on Industry Applications, vol 44, no 5. september/october, 2008, pp. 

1385-1390 ISSN 0093-9994.  (1997)  

[13] Mokhtari, G., Nourbakhsh, G., Jendrusik, M., Gajewski, J. B., Šwierczok, A. J.: "Effect of the particle diameter and 

corona electrode geometry on the particle migration velocity in electrostatic precipitators,” in Journal of 

electrostatics, no 51-52, 2001, pp. 245-251. ISSN 0304-3886.  

[14] Grass N., Hartmann W., Klockner M.: "Application of different types of high-voltage supplies on industrial 

electrostatic precipitators,” IEEE Transactions on Industry Applications, vol 40, no 6. november/december, 2004, 

pp. 1513-1520. ISSN: 0093-9994. 

[15] Baginsky, I, (2013) : “Modelling and Simulation of MEMS Electret Vibration-Driven Energy Harvesters,” in 

International Review on Modelling and Simulations (I.RE.MO.S.), Vol 6, No 1 (2013).  

[16] Cimbala, R.: "The Computation of Equivalent model Parameters for Dielectric Materials", in Journal of Electrical 

Engineering, Volume 48, Number 3-4, Bratislava 1997, p 75-78. ISSN 1335-3632. 

[17] M. Kosterec, J. Kurimsky, M. Folta, S. Bucko, a Z. Conka, "Investigation of effects of non-ionizing electromagnetic 

fields interacting with biological systems,” Proceedings of the 8th International Scientific Symposium on Electrical 

Power Engineering (Elektroenergetika 2015), s. 564-567, 2015.  

[18] Kurimský, J.: "Model of the cavity in the solid insu-lation at different temperatures", In Proceedings of Scientific 

Colloqium on High Voltage Enginnering, Technical University of Košice, June 11-12, 2002. ISBN 80-89061-54-0.  

[19] Bernát M.: “Dynamics of space charges in highly non-homogheneous DC and AC fields,” PhD thesis, FEI TU 

Košice 2000. 

[20] Bernat, M.: “Dynamika priestorových nábojov v silne neho-mogénnych poliach vytvorených jedno-smerným a 

striedavým napätím,” 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

Mathematical Modelling and Computer Simulation Assist in Designing Non-traditional …. (Milan Bernát) 

449 

[21]  Písomná práca k dizertačnej skúške, Košice 1997X. S. Li, et al., "Analysis and Simplification of Three-

Dimensional Space Vector PWM for Three-Phase Four-Leg Inverters," IEEE Transactions on Industrial 

Electronics, vol. 58, pp. 450-464, Feb 2011. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Doc.Ing. Milan Bernát, PhD. was born in Košice, Slovakia, in 1959. He was awarded the Ing 

(MSc) degree in electrical engineering by the Faculty of Electrical Engineering and Informatics, 

Technical University of Košice, in 1983. He gained the PhD. in the scientific branch 26-34-9 

Electrical Engineering and Informatics at the Faculty of Electrical Engineering and Informatics, 

Technical University of Košice, in 2001 (thesis [1]) and the PhD. degree in the scientific branch 

75-02-9 Theory of technical vocational subjects teaching at the Faculty of Education, Constantine 

the Philosopher University in Nitra, in 2005 (thesis [2]). 

  

 

Ing. Jaroslav Džmura, PhD. was born in Bardejov (Slovakia), on April 28, 1972. He graduated 

the Technical University of Košice, Faculty of Electrical Engineering and Informatics in Košice 

(Slovakia), in 1995. He received the PhD degree in electrical engineering from the Technical 

University of Košice (Slovakia), in 2002. He is Assistant Professor at the Technical University of 

Košice, in Košice (Slovakia). His research interests concern: high voltage engineering, 

electrostatics and smart electric installation. 
 

  

 

PaedDr. Ľubomír Ţáčok, PhD. was born in Stará Ľubovňa, Slovakia, in 1975. He graduated 1998, 

teaching general subjects at Prešov, University in Prešov. In 2006, he successfully and was 

awarded PhD degree in a scientific discipline theory of teaching technical vocational subjects. 

Ľubomír Ţáčok works as an assistant professor at the Department of Technics and Technology 

FPV UMB in Banská Bystrica. He is focused to the field named as implementation of 

informational and communicational technologies into the process of education in the technical 

subjects. He is an author of two scientific monographies and one of them was published in 

Ukraine, Poland and Lithuania. Professional and scientific publications were published in the 

Slovak, but also in the international journals. 

  

 

Ing. Jan Pavlovkin, PhD. was born in Krupina (Slovak republic), on May 25, 1955. He graduated 

the Slovak Technical University in Bratislava, Faculty of Electrical Engineering and Computer 

Science in Bratislava (Slovak Republic), in 1981 – Technical Cybernetics – Automation 

Technology. He received the Ph.D. degree in Automation and Control from the Slovak Technical 

University in Bratislava, Faculty of Electrical Engineering and Computer Science in Bratislava 

(Slovak Republic), in 2005. He is Assistant Professor at the Department of Technology and 

technologies at the Faculty of Natural Sciences, Matej Bel University (Slovak Republic). His 

research interests concern: of Electrical Engineering and its applications to the Theory of Control 

systems and technical vocational subjects teaching. 

  

 

Doc. RNDr. Renáta Bernátová, PhD. was born in Krupina (Slovak republic), on May 25, 1955. 

He graduated the Slovak Technical University in Bratislava, Faculty of Electrical Engineering and 

Computer Science in Bratislava (Slovak Republic), in 1981 – Technical Cybernetics – Automation 

Technology. He received the Ph.D. degree in Automation and Control from the Slovak Technical 

University in Bratislava, Faculty of Electrical Engineering and Computer Science in Bratislava 

(Slovak Republic), in 2005. He is Assistant Professor at the Department of Technology and 

technologies at the Faculty of Natural Sciences, Matej Bel University (Slovak Republic). His 

research interests concern: of Electrical Engineering and its applications to the Theory of Control 

systems and technical vocational subjects teaching. 

 


