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MODELLING AND STUDY THE EFFECT OF SELECTED DESIGN FEATURES FORTHE
OPERATING PARAMETERS OF INDUSTRIAL ELECTROSTATIC PRECIPITATORS

MODELOWANIE | BADANIA WPLYWU WYBRANYCH CECH KONSTRUKCYJNYCH
NA PARAMETRY EKSPLOATACYJNE ELEKTROFILTROW PRZEMYSLOWYCH*

Electrostatic precipitators are currently most commonly used in industrial processes equipment to reduce dust emissions into the
atmosphere. A significant impact on the process of extraction of two-phase gas/dust medium has the shape and configuration of
the discharge electrodes, affecting the shape of the electric field in the chamber electrostatic precipitator. Geometric parameters
of discharge electrodes and their arrangement in the chamber electrostatic should provide uniform current density distribution at
the surface of the collecting electrodes. The article presents an analysis of the impact of geometry and configuration of industrial
- blade type discharge electrodes on the distribution of current density on the collecting electrode. On the basis of the measure-
ment results mathematical model was worked out which allows simulation of the current density distribution depending on the
shape of the electrodes. The model allows to specify the most appropriate parameters of distance between the emission elements
of discharge electrode and the distance between the electrodes. Preferred geometric parameters and configuration of discharge
electrodes was determined by analyzing power spectral density magnitude (PSD) and the mean square value (RMS) of current
density. The results indicate the possibility of reducing the number of elements of emission corona electrodes without worsening of
the operating parameters of electrostatic precipitator.
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Elektrofiltry sq obecnie najczesciej stosowanymi, w procesach przemystowych, urzqdzeniami do redukcji emisji pytow do atmos-
fery. Znaczqcy wplyw na przebieg procesu odpylania osrodka dwufazowego gaz/pyt ma ksztalt oraz konfiguracja elektrod emisyj-
nych, wplywajgce na uksztattowanie pola elektrycznego w komorze elektrofiltru. Parametry geometryczne elektrod ulotowych oraz
ich rozmieszczenie w komorze elektrofiltru powinny zapewniac rownomierny rozktad gestosci prgdu na powierzchni jego elektrod
zbiorczych. W artykule przedstawiono analize wphywu geometrii oraz konfiguracji przemystowych elektrod ulotowych typu ostrzo-
wego na rozktad gestosci prqdu na elektrodzie zbiorczej. Na podstawie wynikow pomiarow opracowano model matematyczny
umozliwiajqcy symulacje rozktadu gestosci tego prgdu w zaleznosci od ksztattu elektrod. Model umozliwia okreslenie korzystnych
wartosci odlegtosci pomiedzy elementami emisyjnymi elektrody ulotowej oraz odlegtosci pomiedzy tymi elektrodami. Korzystne
parametry geometryczne i konfiguracje elektrod ulotowych okreslano na podstawie analizy magnitud gestosci widmowej mocy
(PSD) oraz wartosci sredniokwadratowej (RMS) gestosci prgdu. Uzyskane wyniki wskazujq na mozliwos¢ zmniejszenia ilosci
elementow emisyjnych elektrod ulotowych bez pogorszenia parametrow eksploatacyjnych elektrofiltru.

Stowa kluczowe: elektrofiltr, eksploatacja, elektrody ulotowe, modelowanie, symulacja, funkcja sigmoidalna.

1. Introduction

Electrostatic method of purifying of exhaust gases is widely used
in heating energy, metallurgy, chemical, cement and paper industry
[20]. However the main sector of the economy, which use of electro-
static dust removal equipment, is energy production industry using
electrostatic processes for cleaning gases generated by the combus-
tion of different types of fuels [17]. Combustion gases contain signifi-
cant amounts of dust. In power industry, the only reasonable solution
from the economic point of view is to use precipitators with horizontal
plate structure due to the amount of exhaust gases generated during
energy production.

Electrostatic precipitators are structures suitable for use in the
well-defined power plant installation. Selection of precipitator design,
type of corona and collecting electrodes used [1, 2] and power supply

system are determined by the type of boiler and type of boiler fuel
burned in it, and consequently by the properties of dusts which will
be separated. At the stage of design the base exploitation parameters
are defined i.e. guaranteed parameters and limiting parameters values
defined by:
— fuel (including elemental composition, sulfur content, calorific
value, ash content)
— combustion gases (minimum and maximum flow rate, humid-
ity, temperature, dew point temperature, the content of CO, and
0,),
— dust (nominal and maximum concentration, the maximum con-
tent of flammable particles).

The main task of electrostatic precipitator is separation dust phase
from the combustion gases, therefore the most important parameter is

(*) Tekst artykutu w polskiej wersji jezykowej dostepny w elektronicznym wydaniu kwartalnika na stronie www.ein.org.pl
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the value of the dust emission at its output. For newly constructed fa-
cilities, depending on the fuel, concentration level of pollutants at the
output of an electrostatic precipitator do not exceeds: for coal or lig-
nite 5+15 mg/m?, and for biomass and peat 5 to 20 mg/m? of dry com-
bustion gases in the contractual conditions (content of water vapor is
not larger than 5 g/kg of combustion gas in the reference conditions of
0O, = 6%). This means, that for example, the concentration of dust in
the exhaust gases from the combustion of coal d= 26 g/m? dust col-
lection efficiency of the electrostatic precipitator must be 99.96%.

Fuel characteristics, exhaust gas properties and the amount of dust
in them determine the choice of construction solution of electrostatic
precipitator:

— size, number of sections and zones of extraction, the active
height and length of the electric field, the number of power sup-
plies and independently powered electrostatic fields, etc.,

— the nominal gas flow rate (approx. 1 m/s),

— adecrease in temperature and pressure of the gas in the electro-
static precipitator (respectively: 5+10 °C, 120+150 Pa),

— the layout, type and number of discharge and collecting elec-
trodes,

— type and number of employed rappers of collecting and corona
electrodes.

During the operation in the stable condition the basic operating
parameters of electrostatic precipitator are electrical parameters re-
sulting from the type of the high-voltage power supplies, i.e. voltage
and nominal current. Currently are in use power supplies with the fol-
lowing output parameters; current / voltage, 400+2000 mA, 80+135
kV, respectively. The significant influence to meet the requirements
on the dust emissions output of electrostatic precipitator have:

— voltage supply of corona electrodes,

— tuning of the high voltage supply control unit (operation

mode),

— the frequency of the shake off the dust being deposited on the

collecting and corona electrodes.

Significant impact on the course of the dust deposition process on
collecting electrodes has the shape and configuration of the discharge
electrodes affecting the shape of the density distribution of the elec-
tric field in the chamber electrostatic precipitator. The current den-
sity on the surface of the collecting electrode affects the mechanical
properties of the deposited dust layer on the surface of the collecting
electrode. The value of current density at the surface of the collect-
ing electrode is affected by the emissivity of the electrode and the
conductance two-phase medium present in the interelectrode space in
case of particular electrode configuration. In the operating process of
an electrostatic precipitator, both of these parameters are determined
by the selection of the supply voltage of the corona electrodes and
operation parameters of high voltage power suppliers, at a level that
prevents the phenomenon of migration of dust grains detached from
the surface of collecting electrode further into the electrostatic pre-
cipitator.

In the past 20 years there have been significant changes in the
structure of the discharge electrodes of electrostatic precipitators. Due
to the low durability wire and tape electrode were abandoned. An im-
portant advantage of this type of electrode was uniform and relatively
easy to calculate distribution an electrostatic field produced by them.
Currently, there are mast type electrodes equipped with point emis-
sion elements in the form of spikes. Complex distribution of electric
field around such electrodes prevents the use in theoretical analysis,
mathematical models developed for the wire electrodes.

The development of information technology has enabled the use
of numerical methods for modeling the phenomena occurring in the
interelectrode space of electrostatic precipitator [3, 4, 5, 9, 11, 12, 23].
The next step in the development of computer simulation of the dust
separation process in the electrostatic precipitators were attempts to

develop alternative models of discharge electrodes [7, 21]. Of great
importance for the quantitative determination of the phenomena oc-
curring during the discharge in the environment of gases (the degree
of ionization to be calculated from the functions of the energy distri-
bution of electrons) and the speed of propagation of the corona are the
results of work in the field of plasma physics [10]. Computer simula-
tion of the electric field parameters and its impact on the process of
dust separation, is facing difficulties due to the complex geometry
of the currently used corona electrodes. There are still experimental
research conducted, on the basis of which it can be concluded about
the process of two-phase medium dedusting, which are the combus-
tion gases [13, 14].

This paper presents the results of research carried out on industrial
spike type corona electrode. An example of construction of this type
electrode is shown in Fig. 1.

@40

]

P

Soe

Fig. 1. Mast type spike corona electrode

Mast spike electrode consists of a carrier mast having a diameter
of about 40 mm and the emission elements, which are steel bars with
a diameter of 4 mm and length 100 mm, welded to the mast at the
opposite sides at appropriate intervals. Emission elements are termi-
nated with cone tip.

2. Research Methodology

Measurements of the electrical parameters of discharge electrodes
was performed on the test stand shown in Figure 2 [16]. Depending
on the configuration, current-voltage characteristics of the electrodes
and the current density on the surface of the collecting electrode can
be determined. High of the active part of the collecting electrodes is
h = 1.0 m and maximum division of the collecting electrodes is H, =
0.6m so the measuring stand allows industrial research corona elec-
trode of a length of 0.8 m to be tested. It consists of a support frame
(1), to which the collecting electrodes with a total area of 4 m? (2) are
fixed. The tested discharge electrode is attached to the insulated inner
carrier frame (3) and supplied with a DC high voltage power sup-
ply. Measurement signals from the sensors (4) are transmitted through
the connector (5) to the measurement and data acquisition systems.
Measurement of the current density distribution at the surface of the
collecting electrode is performed using sixteen measuring fields (4)
equally distributed along the length of the collecting electrode. The
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currents flowing between each of the measurement fields and the
ground are sequentially selected by the 1 of 16 multiplexer and send
to one of the measuring amplifier. Data acquisition and multiplexer
control are made using specially prepared software based on LabView
package. Registered voltage value is obtained by averaging the 2000
samples for each of the measurement fields. Data are recorded five
times in the cycle, which means that the measured value of the current
corresponding to the value of the current flowing through each of the
measurement fields, is the mean value of 10 000 measurements.

5

P

ﬁggﬁg 1 of 16 multiplexer

Precision NI-USB 6039
Instrumentation Data acquisition

Amplifier card

Fig. 2. The measuring stand used to determine the parameters of the corona
electrode 1 — supporting frame, 2 — colecting electrodes, 3 — corona
electrode support frame, 4 — sensors, 5 — electrical connectors

The analysis of measured electric parameters of the electrodes
was carried out using tools developed for time series analysis. The
use of statistical methods of time series analysis simplifies the analy-

sis of the results obtained in the measurement of electrical parameters
of studied electrodes. It also provides information about the tested
object, which cannot be obtained by other methods. For the analysis
of the current distribution on the surface of the collecting electrode
research methodology based on the formalism of statistical time series
model was applied [6]. Analysis of the current density distribution on
the surface of the collecting electrode was performed using developed
for this purpose software with advanced statistical functions, serving
for time series analysis 7S4 (Time Series Analysis), a component of
LabView software [24]. This program, after initial processing of the
measured data allows their smoothing and calculation of the follow-
ing parameters:

— the average value after elimination of extreme values,

— the mean square value RMS (Root Mean Square),

— magnitude of the power spectrum PS (Power Spectrum) to be
calculated using the algorithm of fast Fourier transform FFT
(Fast Fourier Transform) of the current density on the surface
of the collecting electrode in the form of the squares of the
RMS values,

— power spectral density PSD (Power Spectrum Density) FFT
of the time series X7 (in the form of squares of the RMS values
per unit of the x-axis of collecting electrode).

For the calculation of the power spectrum and power spectral
density the procedures contained in the libraries of functions built in
LabView program were used.

The simplified algorithm of the program to analyze the measured
data with the LabView procedures is shown in Figure 3.
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Fig. 3. Algorithm of the program to analyze the current density distribution
measurements on the surface of the collecting electrode

Research on the dust separation process using industrial corona
electrodes and electrodes with modified geometry was carried out in
the laboratory electrostatic precipitator (Fig. 4) with the following pa-
rameters:

— the active length of the chamber: 2 m,

— the height of chamber: 1 m,
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Fig. 4. View of laboratory electrostatic precipitator with removed collecting
electrode. 1 — the dust feed system, 2 — diffuser, 3 — frame of discharge
electrodes, 4 — discharge electrode, 5 — confusor, 6 — collecting elec-
trode

— the inter-pitch: 400 mm or 500 mm,

— collecting electrodes: flat,

— corona electrodes: replaceable, matched to spe
cific measurements,

— gas flow rate: 0.1 m/s to 0.8 m/s,

— asource of dust: fluidized bed chamber fed from
a source of compressed air,

— administration of dust: a system of nozzles ar
ranged vertically in the area of the inlet of the
electrostatic precipitator.

Electrostatic corona electrodes are powered by a DC power sup-
ply with high voltage enables a smooth adjustment of the voltage from
0to 75 kV.

The air flow through the electrostatic precipitator chamber was
obtained through the use of suction fan powered by a frequency con-
verter. The motor speed changes influence the performance of the fan,
and thus the speed of air flow through the chamber electrostatic pre-
cipitator.

3. Results

3.1. The results of measurements of the electrical param-
eters of discharge electrodes

Studies of electrical parameters of discharge electrodes are made
under the following conditions: temperature ¢ =21 °C, the relative air
humidity a;, = 52%, barometric pressure p = 991.9 hPa.

Examples of current density distribution at the surface of collect-
ing electrode for assembly of two spike electrodes for the variable
distance between electrodes H is shown in Figure 5.

Figure 6 shows the cumulative results of the relationship be-
tween magnitude of power spectral density PSD and the RMS value
as a function of distance between charging electrodes H and spike
distance dI.

The results showed that increase the distance between the emis-
sion elements of the electrode, increases the current density J. Maximum
value of the current occurs at a df =250 mm. At the same time increase,
the distance between the corona electrodes causes a decrease in the
value of the current density on the surface of the collecting electrode.

Analysis magnitude of power spectral density PSD and of RMS
value as a function of the distance between corona electrodes /4 and

2 electrodes - df = 50 mm
H = 340 mm

— H=330mm
—— H=440mm
——— H=430mm

H = 540 mm

current density J [mAm?)

50 100 150 200 250 300 350 400 450 500 550 600
L [mm]

Fig. 5. Current density distribution of on the surface of the collecting elec-
trode as a function of corona electrode space H. The distance between
spikes dI = 50 mm and distance between collecting electrodes Hz =
400 mm
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Fig. 6. The magnitude of power spectral density PSD and the RMS value of

the current density J as a function of distance between charging elec-
trodes H and spike distance dI.

emission elements of the charging electrode d! indicate that both the
increase in the distance between corona electrode and the distance
between the emission electrodes result in an increase both the power
spectral density and the RMS current density for the tested electrodes.
Areas with the highest values of the PSD and RMS indicate in blue
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color — Fig.6. The results indicate that with increasing distance be-
tween the corona electrodes maximum PSD value of the current den-
sity distribution at the surface of the charging electrode corresponds
to the =490 mm.

3.2. Mathematical formula describing the distribution of
the electric field in the space between electrodes in the
electrostatic precipitator

Based on the measurement results a mathematical model of the
current density distribution on the surface of the collecting electrode
was developed. The measurement data of the current density distri-
bution at the surface of collecting electrode J, depending on the H
parameter and d/ parameter (d! is the distance between emission ele-
ments) were preliminary processed. The results of the measurements
were subjected to statistical analysis to eliminate the extreme values
and smoothing. To negative values of the current density J zero value
was assigned as zero value has no physical meaning. Then analyzed
data J were converted, depending on the geometric coordinates of L,
ie. position along the collecting electrode, in such a way as to be sym-
metrical with respect to y axis. If the chart does not exhibit symmetry,
the right site was replaced with the mirror image of the left. Figure 7
shows the result of the transformation of data in accordance with the
accepted method of statistical analysis.

0.5 — T I N |

| DATA I
measured
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current density J [mA/m?]
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coordinates of L

Fig. 7. Distribution of current density on the surface of collecting electrode.
a) the data obtained from measurements, b) data after processing

The curve shown in Fig. 7 is the sum of two peaks with a distinct
asymmetry. This pattern can be described by adding at least four sym-
metrical peaks with variable ratio Gauss/Lorentz [15]. However, for a
general description of each peak number of parameters, such as half-
width, amplitude ratio H/L need to be introduced and jet linking them
to the spatial distribution of the electrodes is essential. The number
of parameters can be limited by using sigmoid function [19] for the
description of the outlined curve. Therefore, to approximate the cur-
rent density distribution at the surface of the collecting electrode com-
position of asymmetric sigmoid function was applied, resulting in an
ability to model asymmetric waveform. The sigmoidal form of the
equation is (1):

Y=y AT+ exp(=cre/n)] (1
where:

A — amplitude,

w, xc — function parameters,

vo  —shift of the function value on the y axis.

Changing of w parameter changes the slope of the curve, while the
parameter xc designate a point of inflection of the curve and allows to
move the curve along the x axis.

Superposition of two sigmoidal functions allow asymmetric spec-
tra to be obtain if the w2 and w3 parameters will have different values.
The superposition of the two sigmoidal function can be written (2):

Y=y AL U(rexp((=cbie—wi/2)w2))] - [1-1/(1+exp((=ctie—wl2yw3))] (2)

where:
xc, wi, w2, w3, xc — function parameters.

Parameter w/ modifies the value of the parameter xc and allows to
change the half-width of the peak.
In case of two corona electrode assembly, the distribution of
current density J on the surface of collecting electrode (Fig. 7), can be
described by the sum of two asymmetric functions (3):

T AIT(exp((=eel-wiIRYw2D))] - [1-1(1—exp(Cxcxe-wIRYw3 )] +
+ A2 (1 expl(=rtue2-wI22)w22))] - [1-1/(1—exp((=ctxc2-w122)yw32))]
©)

where:
Al, A2 — amplitude,
wll, wi2, w21, w22, w31, w32, — parameters of the function,
xcl,xc2 - position of the peak’s maximum on the x-axis,

xcl parameter defines the position of the maximum of the first
peak on the x axis and can be selected arbitrarily.

As corona electrodes have, the same geometric design features so
the two peaks of the spectra should be symmetrical with respect to an
axis passing through the center of the curve (Fig. 7.). Any variations
in the current density distribution at the collecting electrode are due to
inaccuracies of electrode manufacturing. On the basis of experimental
data analysis and the symmetry condition it was assumed that the coef-
ficients A1 = A2=A,y,=0, Wil = WI2=wl, w2l = w32 and w3l =
w22. These factors are functions of the following parameters: distance
between the corona electrodes /, and the distance between the emis-
sion elements d/.

The assumption of fixed numerical values for the wi, w2/, and
w22 coefficients, gives rise to slight discrepancies between the actual
values obtained from the measurements and the values calculated us-
ing a mathematical model but this leads to a significant simplification
of the model and reduce the number of variables.

Analysis of the measured data showed that in the case of H, =400
mm, the influence of the d/ distance and corona electrodes distance A
on the parameters: w21 and w22 are small and neglectable. In order to
reduce the number of coefficients, the following simplifying assump-
tions have been made: w2/ = w32 =w31 =1.5 and at w22 =2.6.

After substituting these values to the function (3) it simplifies to
the form (4):

JooH D = A[1/(1+exp(—xctaeI-(wi/2) 1.5))] - [1-1/1+exp(—xctac I<(wl/2)/2.6))] +
+ A [1/(1+exp(—xt+xc2—(w1/2)/2.6))] - [1-1/(1+exp(—x+xc2—(w1/2)/1.5))]

4)

As aresult of adopted assumptions, to describe the distribution of
current density J at the surface of the collecting electrode three vari-
ables depending on the scale parameter H and the scale, dI i.e. func-
tion coefficients (4): 4, xc2, and wil must be determine.

According to equation (3) changing xc/ parameter affects the
position of the curve with respect to the x axis. The value xc/ was
assumed arbitrarily xc/ = 20. This allows a comparison of the cur-
rent density distribution J on the surface of the collecting electrode
obtained from measurements with the results determined according to
the mathematical model.

Figure 8 shows a measured data of current density distribution J
approximated with the function (4) in case of spike-type electrode.
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Fig. 8. Approximation using function (4) measured data of current density J
for the spike corona type electrodes

Table 1 shows the coefficients of the function describing the cur-
rent density distribution J on the collecting electrode.

Table 1. Function coefficients J = f(x,H,dl) for the spike electrodes

The assessment of coincidence of the model with measured data,
was performed by comparing the mean square value RMS, the value /
of the area (5) delimited by the current density J distribution curve of
and the x-axis, of the data derived from measurements with the cur-
rent density distribution J values obtained by simulation.

L
Iar = [T ar(®dx )
0
0<L<70.

The calculations were performed using the procedure of integra-
tion and calculation of the RMS values using mathematical procedures
from the libraries of National Instruments LabView software. Com-
parison of the current density distribution J on the surface of the col-
lecting electrode obtained by simulation using a mathematical model
with the measurement data obtained in the laboratory showed that the
differences between the measured data and simulated one for most of
the analyzed geometry and configuration are less than 10% (table 2).

Table 2. Comparision of measured data with simulated one

1 alue .
Function coefficient Value/Function H. dl values (ri:izga\;urljed Iy g value Differences

w21 15 (mm) data) (simulation) (%)

w31 2.6 H=340. dI=150 6.227 5.961 4.46

xc2 xc1-10.634+0.0565-H+0.0073—dl-4.2857e-5—d/I H=340, dI=200 6.650 6.494 240

A -0.717+0.00485-H—5.0655e—6-H*+1.21e—3-dI H=390, dI=150 7.082 6.986 1.39

wi 14.0434-0.0415-H+0.003-d/-2.0e-5-dI? H=390, dI=200 7.817 7.541 3.66

The mathematical model that describes the distribution of current H=440, dI=150 7.715 8.054 4.20

density J at the collecting electrode was verified by comparing the H=440, d1=200 8.470 8.665 225

rpeasur.ement. results with the results obta.med b}{ theoretical §1mula- H=490, dI=150 8.676 9136 504
tion. Simulations were performed assuming variable coefficients of

function (4) shown in Table 1. The simulated spectra of the current H=490, dI=200 9.710 9.839 1.31

density and the recorded spectra were analyzed seeking to establish H=540, dI=150 9.287 10.129 831

their convergence. This allowed to say what impact have simplifying H=540, dI=200 0993 10.960 8.82

assumptions in the model adopted on the real physical phenomena
occurring in the space of electrostatic precipitator.

Figure 9 shows an example of a comparison of the distribu-

tion of measured current density J at the collecting electrode with the
simulated one.
Black curve shows the measurement results obtained by means of
approximation of the measured data using the least-squares Mar-
quardt-Levenbergera algorithm [18]. The curve marked red shows the
progress generated by the simulation using the model described by
equation (4), for the assembly of spike corona electrodes at the two
extremes of the H scales.
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Assessing the compatibility of the mathematical model with the
measurement results one should have in mind that the measurements
were carried out on industrial corona electrodes. Some of these elec-
trodes have a geometry errors resulting from the production technol-
ogy. Taking into account that the developed mathematical model is
used to assist in the designing of industrial electrostatic precipitators,
where the geometry errors of corona electrode are quite high (manu-
facturing and/or assembly) the differences between the measurement
results and obtained due to simulation are acceptable.

4. Results

Conducted laboratory studies have shown
that the most important geometric parameter
determining the electric field intensity produced
by the spike corona electrode is the distance be-
tween emission elements (spikes) dI. Another
important parameter is the distance between the
emission electrodes H.

o
-

H = 540 mm, di = 150 mm
J measurad
J predicted

The current density distribution at the col-
lecting electrode in case of mast type electrodes

0 100 200 300 400 500 0 100 200
coordinates of L [mm)

Fig. 9. Comparison of measured current density distribution data at the electrode with the spectra pre-

dicted by mathematical model

300 400 500 600
coordinates of L [mm]

is depends on the value of spike distance dI and
collecting electrode distance H. Most optimal
ranges of these scales are determined by calcu-
lating the spectral density PS changes as a func-
tion of dI and H. Based on measurements and
simulation studies, it was found that the range

HES BN
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of the preferred spike distances dI and collecting electrode distance H
in case of spike discharge electrodes are 200250 mm and 440+550
mm respectively. Predicted values are higher than those currently
used in industrial electrostatic precipitators.

Worked out model of current density distribution on the surface
of collecting electrode enables rapid determination of the electrical
parameters of the spike type electrode. The results of simulation stud-
ies and carried out measurements of parameters of industrial spike
electrodes showed that their geometry does not provide achievable
current density. By changing the distance between the emission elec-
trodes currently used (with spike distance d/ = 200 mm) it is possible
to obtain increase in the magnitude of power spectral density PSD of
the current on the surface of the collecting electrode by 10%.

Study of the electrodes with modified geometry was carried out in
the laboratory for the electrostatic precipitator using fly ash from coal
combustion at concentrations of 3.4 g/m* and 7.2 g/m*. Measurements
carried out have shown that for the supply voltage Ug= 65 kV average
corona current value was /5 = 0.46 mA. Comparison of the electrostat-
ic precipitator performance equipped with currently used industrial
electrodes, with the electrodes of the revised geometry showed no
significant differences (in each case dusting efficiency approx. 99%).
The reason for this are both a small length and height of active part
of laboratory precipitator. It should be recognized, however, that the
increase in current density on the surface of collecting electrode pro-
viding an increase in the intensity of the electric field in the chamber
electrostatic will result in the improvement in the dust separation. This
means that for the corresponding parameters of power supply elimina-
tion of re-detachment of dust deposited on the collecting electrode due
to loss of electrical charge or reduction the impact of this phenomenon
on the process of extraction will take place. One may also believe that

the above-described phenomena will allow to shorten the length of
the electrostatic precipitator while maintaining the required removal
efficiency.

The introduction of the proposed changes to the geometry of the
discharge electrodes will not increase the efficiency of extraction of
dust with diameter less than 2.5 microns (PM, ). Effective separation
in the electrostatic precipitator of this grain fractions requires special
technologies (agglomerators) [8, 22].

Summary

The results of measurements of the electrical parameters of dis-
charge electrodes and a computer simulation of the current density
distribution at the collecting electrode in case of electrostatic precipi-
tator with flat system of collecting electrode showed that:

— Increasing the pitch (distance between electrodes): the inter-
row H and inter-blades dI of discharge electrodes, compared
to the currently applied pitch, increases the amplitude of the
current density,

— In the case of mast type electrodes one can obtained electric
field, required for optimum extraction process, reducing the
number of emission elements (blades) of the corona electrode,

— Increasing inter-row scale / leads to reduction of the number
of corona electrodes mounted in the chamber of electrostatic
precipitator,

— The use of specified geometry and configuration of discharge
electrodes will result in lower investment and operating costs of
electrostatic precipitator in the range of energy consumption of
the electrostatic precipitator.
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