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|. Theresearch task and preliminaries
A. Preliminaries

As it is well known, the electrostatics deals with the charges in steady state, with their
properties, attitude and the relation between them. In the international publications those cases
are called electrostatic, which deal with the charges in steady-state, or in constant motion, with
their effects and relations, when they effected from the value or the place of the charges and not
from the motion of the charge.

Using more and more plastic and more homogeneous materias in the all-day-life and in the
industry there were many accidents, fire and explosion, where the origin of the problem could not
be found. With the development of the industry more and more problem appear connected to the
electrostatics. At the beginning of the XX th century there were technological problemsin paper-,
plastic- and textile industry, when the materials sticked together or they became dusty. Later, in
the second half of the century tankers, petrol stations and silo explosions took the interest of the
researchers to electrostatics, and in the beginning of the 80" during the expansion of the
computer and microel ectronic techniques they have many problem with the sparks, effected from
the synthetic clothes, which can be charged up to 10 kV from the motion. This charge can cause
no harm for the human body, because the energy of the spark is very small, but for the
microel ectronic equipments these mA size spark can be a big danger, because if the equipment is
destroyed by a spark then it is not able to direct an automatic system, which can cause big
problems.

The role of the electrostatic became more important even in the protection of the environment,
when the researchers realised that the dust can removed from the air, so the environment can be
protected from the deleterious particles. The equipment doing this protection is the electrostatic
precipitator.

During the planing of the electrostatic precipitator many things have to be taken into account,
which has a great effect on the efficiency of the equipment. During my research | examined the

possibilities of numerical design of the precipitator.



B. Research task

The research task is to examine the possibilities of the numerical field calculation of the
electrical field by the help of the R-functions method, and how can be the different procedures,
like the Method of Characteristics, or the Navier-Stokes equation, which describes the charge
flow, implement in the electrical filed calculation.

My object is to elaborate a procedure, which makes possible to model the field and charge
flow in asimplified electrostatic precipitator model with numerical filed calculation. | would like
to determine the electrical filed, the effect of the changes of the field parameters and to
implement the numerical procedures in the numerical calculation of the global variational
method.

During the calculations | try to determine the 2 and 3 dimensional electrical field in the model
of the electrostatic precipitators, by taking into account the changes of the parameters of the
electrical filed.

| would like to elaborate such an iteration procedure, which makes it possible to determine the
space charges in the geometrical field, which has an effect on the electrical filed

C. During my program | solve the following problems:

(1) My object is to examine the process of the electrical field in a two dimensional model of an
electrostatic precipitator. | would like to elaborate a procedure examining the effects of the
free space charges on the electrical filed and I try to compare my result with other solutions.
| like to show how can be the symmetry taken into account, and what kind of effect it has on
the electrical field using the global variational method and the implemented method of
Characteristics.

(2) Using the above-described procedure | would like to increase the dimensions of the model to
apply a 3 dimensions model. | try to elaborate a procedure to take into account the equations
describing the motion of the charges. After the determination of the 3D model of the
electrostatic precipitator | try to compare the result with measuremental data. | would like to
examine the currents in the cell using different excitations, electrodes and electrode

arrangements.



©)

(1)

(2

©)

| would like to elaborate a procedure describing the electrical filed in an electrostatic
precipitator taken into account the effects of the moving dust particles on the field
parameters. | try to determinate the dust on the wall of a three dimensional electrostatic

precipitator.

METHODSAPPLYED IN THE PROGRAM

Determining the research task | applied the following numerical methods:

The possibilities of the numerical field calculation increasing with the development of the
personal computers. Researchers usualy apply the methods of the integral equations, the
finite differentia, finite elements and boundary elements or the combination of these
methods. To determinate the electrical field of the 2D electrostatic precipitator the R-
functions method was applied implemented in Ritz method. | solved the Poisson equation -
expressed from the Maxwell equations - with the global variational method, in which case
the solution of the differential equation is that value of the scalar potential, where the energy
of the region is minimal. The effect of the free space charges on the electrical field was taken
into account by the implementation of the Method of Characteristics in the numerical field
calculation. By the help of this procedure the changes in the electrical field can be detected.
For the solution of the problem two iteration procedure were elaborated.

During the solution of the three dimensional numerical field calculation the R-functions
method was applied using the global variational method. For the determination of the
electrical field | elaborated a procedure taking into account the equations describing the
motion of the space charges. | elaborated a numerical procedure, which describe the charges
leaving the surface of the high voltage electrodes.

During the solution of the numerical field calculation of the electrical field the dust particles
moving throw the electrostatic precipitator were taken into account. The motions of the
deleterious particles were described by the help of the Navier-Stokes equation, which was
taken into account during the calculation. | elaborated a different version of this equation,
which can applied in the electrostatic precipitator.



[11. NEW SCIENTIFIC RESULT
A. Result

1% Thesis

| elaborate a theoretical procedure to determine the electrical field of a two dimensional
electrode arrangement where | took into account the space charges and their effects. |
implemented the global variational method and the space charge describing method of
Characteristics in the numerical field calculation by the R-functions method. The elaborated

procedure can decrease the memory usage during the cal culation comparing to other methods.

During the elaboration of the theoretical procedure the global variational method was applied,
using the Ritz and R-functions methods. In the procedure the necessary capacity of the computer
memory was decreasing, and this made it possible to use the procedure in smaller computers. To
take into account the effect of the space charges on the electrical field | implemented the method
of Characteristicsin the numerical field calculation, and | determined the electrical parameters on
the surface of the electrodes by the help of two iteration procedures. For the solution of the
iteration procedures | elaborated a convergent method. | made the error estimation of the applied

procedures.

2" Thesis

| elaborate a procedure to determine the motion of the space charges in static electric field in
a predefined model. The simulation procedure was joint to the global variational field
calculation and the R-functions method and the numerical description of the elaborated

simulation of the motions of the space charges and the deleterious particles were merged as well.

(2.1) By the help of the elaborated procedure based on the numerical solution of the
differential equation of the electromagnetic field calculation | determined the electrical field of
the electrostatic precipitator model which working at the Institute fir Elektroenergiesysteme und
Hochspannung Technik on the University of Karlsruhe in Germany. The charges leaving the
surface of the high voltage electrode in the precipitator were also determined with their motion



and the current caused by them. The calculated results were compared with the results of my
measurements on the above-mentioned model. During the solution a three dimensional problem
was taken into account with the help of the R-functions. By the help of the simulation combined
with the Ritz method the results were determined with the correct values on the given surfaces
while the number of the unknowns were kept on very low level, so the solution can be
determined with small computer capacity. The comparation of the results with the measurements

shows small differences.

(2.2) | determined the equation describing the motion of the deleterious particles in the
electrical field and using them in the above-mentioned procedure | determined the three
dimensional electrical field and the motion of the deleterious particles inside of the electrostatic
precipitator model. Taken into account the applied low level voltages in the calculation the back-
corona effect on the inner surface of the grounded electrode of the precipitator model was
neglected.

B. Possihilities of the usage

The research work should be extended to model the real precipitators. The R-functions model
describing the geometrical problems integrated in the elaborated procedure makes it possible to
take into account the changes of the shape of the electrodes with an other program package (e.g.
fractals).

Using the elaborated procedure the sticking of the deleterious particles on the grounded wall
can be taken into account as well, so by the help of this procedure the back-corona effect can be

easily modelled on higher voltages.
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