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Abstract: - The plate-type electrostatic precipitators are use in burning industry applications and can treat
large gas flows. The paper presents the maximum ionization distance, analytic and graphic, near discharge
wires depending on the voltage supply frequency and the discharge wires radius. A problem of this type of
precipitator is difficulty to collection high resistivity fly ash. In the inlet section the fly ash resistivity is
moderate and is necessary to charge dust particles as many is possible. It is useful to use traditional dc
energization. For the middle section and especially for outlet section, where the fly ash resistivity is high, it
is necessary another supply solution for section because the charging particle decrease when is use traditional
dc energization. The paper presents analysis of different types supplies of ESP sections. The intermitent
energization of sections can be a cheap solution to middle and outlet section (without change the power
supply structure, it is necessary the change of the automatic voltage control unit). It is important to know the
current-voltage characteristics to obtain the optimal control of the amplitude, the voltage shape, the input
power and the collection efficiency. With comparative analyze of the measured and computed
characteristics, with different mathematical model of current-voltage characteristics, it can be found which
models estimate the current-voltage characteristics for plate-type electrostatic precipitators.

Key-Words: plate-type electrostatic precipitators, dc energization, intermitent energization, current-voltage
characteristics, mathematical models

1 Introduction

In the most burning applications its used the
plate-type electrostatic precipitators (ESP) because
have following advantages: can be sized for large
gas flow, can operate in a wide range of
temperatures and the collection efficiency is high.

In ESP, the gas particles from the burning
process, are passed through electric field where it
is generating electrical charges (through Corona
effect) attaching to gas particles. The discharge
wires are connected to negative (-) polarity of
power supply, and electric charge of gas particles
is negative. Thus, the gas particles are deflected by
the electric field from the discharge wires to
collecting plates that are connected to earth. The
gas particles are removed to collecting plates into
receiving hoppers by mechanical shocks. The ESPs
are made from a number by 3+4 of series sections,
each of them is energized by its own transformer
rectifier set and has its own hoppers [1,2].
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Corona is the ionization of gas molecules by high
energy electrons in the region of a strong electric
field [2,3,4].

The electrical current is formed by gas ions from
space between electrodes. The velocity of the gas
ions is proportional with electrical field applied and
the constant called electrical mobility of gas ions [1].

The onset corona discharge occurs over a wide
range of voltage. For traditional dc energized ESP
sections (most use method), the corona currents are
relatively small (mA) for high applied voltage (tens
of kV). The current increase nearly proportional
with applied voltage until breakdown occurs [4,5].

The electric field strength between the electrodes
(the discharge wires and the collecting plates)
depends on two factors: the surface charges on the
electrodes (due the applied voltage) and the space
charge component (due the ions from electrode
spacing) [1,6].

A number of numerical methods have been
proposed to solve problems for complex discharge
wire electrode geometries using finite difference,
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finite elements or charge simulations software
[6,7,8]. It has been developed finite difference
method to compute the steady state corona current
distribution in the ESP sections to compute
maximum corona current which can be carried in
different geometric configuration of electrodes
section [7].

Traditional dc energization of ESP sections are
characterised by low current corona and the
ionization processes is very small near the discharge
wires [1,5,9].

The efficiency of ESP may be improves by
electrical or mechanical means. Because a
mechanical upgrade of ESP sections is too
expensive, a solution to improve collection
efficiency is to modify electrical equipment and/or
control unit. The most ESPs are supply by single
phase thyristors high voltage power supplies that
represent considerably lower investments cost for
ESP supplies [10,11].

The collection of dust particles in ESP sections is
determined by migration velocity w (particle
velocity perpendicular to the collecting plates). The
supply voltage and the discharge wires geometry
have an important effect on the migration velocity.
Irregular discharge wires (e.g. barbed plate, barbed
wire and spike band) are useful to corona electrodes
[12].

The main goal of the control unit is to maintain
the voltage from ESP sections near Corona voltage.
For this reason the voltage must be rise until occur
discharges in ESPs. After a discharge, is come the
period of recover voltage that must be shorter after
the discharge. To create an optimal control
algorithm, it is important to know the current-
voltage characteristics for ESPs [1,6,13].

The energization of ESP section is limited by the
following conditions [1,14,15]:

- sparking that limit the peak voltage and is affected
by other parameters. The electrical energy increase
and the dust collection reduced and the power must
be turned off to quench this arc;

- back corona when the dust emission increase due
the production of opposite polarity ions and the
energy consumption increase;

- equipment capacity that depends on peak voltage
and average voltage;

- SO; conditioning through injection SOj; into the gas
(before ESP) will reduce the dust resistivity and
prevent back corona;

- moisten of dust will act to reduce the dust
resisitivity and minimize back corona.
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2 lonization distance from discharge

wires

An important problem is the determination of
spatial charge distance. Let be consider a ion which
has the mobility k; and it is place in alternating field
with frequency f, by electric field strength E, the
field is made by a discharge wires with radius r., that
is connected at high potential that determine Corona
discharge [1,2]:

v=k;-E. (1)

The ion speed may be also compute depending
on the distance by discharge wire r and the time t:

dr
v el (2)

The electric field strength E it is not constant and
depends by discharge wire radius r., the distance r
until place where is calculate the electric field
strength E and by the electric field strength at the
discharge wire surface E.:

r
E=E, Te ) 3)
From (1), (2) and (3) results:
r, dr
kg e 90 4
0 dt @
After integration (4) became:
O S 5)
O kiEerp 2|
1
f==. 6
: ©)
From (5) and (6) can be compute Iy :

rma><:‘ rez"'ki'Efe're : (7)

To compute the maximum ionization distance
I'max let be consider the following example — from
industry [1,5]: k=2 [em?*/(V-s)], E. = 40 [kV/cm],
1.€(0.01-0.2) [cm], and f € (0.05-50) [kHz]. With
these data and with MatLab 5.3 software, are made
two graphics: 1y, depends on discharge wire
radius r. and electric field frequency f, on
frequency domains. In fig.1.a is the frequency
domain 50-500 [Hz] and in fig.1.b is the frequency
domain 0.5-50 [kHz]. To produce large numbers of
charge carriers on surface of discharge wires a
critical field strength has to be overcame when
feed with negative supply. Because of natural
radioactivity some molecules become ionized and
recombine immediately. The electrons will be
accelerated and determine new ionizations through
collision of gas molecules. If electrons did not
attach by gas molecules, then electrons determine
exciting molecules that encourage an easy
ionization at a future collisions. At a bigger
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distance by discharge wire, the electrons have not a
high speed and these will be attach by dust
particles that are lay down on collecting plate (that
are connected to earth). The positive ions that
appear in the collision time move to discharge wire
and determine new electron emissions.

If the discharge wire is positive, the electrons
from space between electrodes will be accelerated,
and will be collision with gas molecules and occur
positive ions that are move through collecting plate
that are connected to earth.

250

200 .

150

100

re [em]

0.05 0
I, [cm]

0.15

0.1
b.
Fig.1. Maximum distance ionization
depending on frequency and discharge wire
radius

The gap between electrodes (discharge wires and
collecting plates) depends on voltage frequency
when the ESP section is supply with alternating
voltage. If the distance between electrodes is small
enough and the ions arrive to opposite polarity
electrode into half period, then the Corona
discharge is the same with negative or positive
supply of discharge wires. If the distance between
electrodes is bigger, the spatial charge carriers keep
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the polarity with the voltage decrease. The ions
guide to electrodes until the discharge wire
potential change the polarity. Thus, appear an
oscillation trajectory of ions [1,6,9].

3 DC and intermitent energization of

ESP sections
The signals used by the control unit are presented
in fig.2.
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Fig.2. Power supply of ESP section

The traditional dc energization is obtained with
power supply presented in fig.2. To obtain dc
energization can be also used high voltage boost
conevertors [10,16]. The line voltage is controlled
by a thyristor controller, and then it is applied to the
primary of high voltage transformer. The high
voltage it is rectified by high voltage rectifier bridge,
and the rectified secondary voltage is applied to the
discharge wires from precipitator section. The
rectified secondary voltage is connected (- to
discharge wires and collecting plates are earthed) to
generate negative corona in the precipitator section.
An inductor is connected in series with thyristors to
increase the short-circuit impedance during the
events from ESP sections (sparking, arcing, or short-
circuit). The high voltage can be also measured with
another type of divider [17]. The firing angle of the
thyristors must be controlled automatically because
most of processes in ESP sections are subject to both
slow and fast changes in the operating conditions.
Some parameters like gas temperature and humidity,
ash resistivity and fuel characteristics are change
frequently [18,19].

The control units are based on microprocessors (or
microcontrollers) and peripheral circuits which offer
powerful performance.

The control corona currents from precipitator
sections are made through using primary and
secondary  values (voltages and currents).
Sometimes, the installation of opacitymeter in the
stack is used to monitoring the dust emission and
has two functions [1,10]:
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- to optimizing the operation of ESP sections;
- to save the energy under easy conditions.
The rms and the mean current through ESP section

Through dust resisitivity measure, the energization
controller automatically detects the high resisitivity
ash and provides the optimum ESP performance

are: under different dust resistivity conditions [15].
1T,
lorms = 1/?.[0 ig (t)dt , ® TR Set Limit 84.0 kV_
Voea = 61.7 kV
1T Vi =56.5KkV
lomean = ?L "0 (t )‘dt ' ©) Von = 464KV

Another important quantity are, the peak factor kp
and the form factor kg of the precipitator section:

|

Kp = —2Peak (10)
IOmean

ke = -Lorms (11)
IOmean

Identically, can be determine these quantities for
precipitator section voltage.

TR Set Limit 84.0 kV

Vag =58.5kV

Viin =42.9kV
Peak/Average = 1.04

Fig.3. Voltage shape in ESP section for traditional
dc energization

Intermitent energization is a method to saving
energy and improving the collection efficiency for
high resisitivity dust. It is used the same electrical
equipment employed in traditional dc energization.
The control unit suppres a number of even half-
cycle of primary current.

The degree of intermittence (D) is defined as a
number of current pulses in one energization duty
cycle diveded by the number of half cycles included
the energization cycle.

The current for intermitent energization (Iig)
depending on current for traditional dc energization
(Inc), a parameter k (1+1.5), and degree of
intermittence D [1]:

|

D>3 (odd, up to 25), that demonstrate low current
for intermitent energization and power consumption
of ESP is reduced.
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Peak/Average = 1.09

Fig.4. Voltage shape in ESP section for intermitent
energization (D=1:3)

If it is noted with q; [g/m’] the inlet electrostatic
precipitators dust concentration and with q, [g/m’]
the outlet electrostatic  precipitators  dust
concentration, the ESP collection efficiency n[-] is:

n:qi_q°=l—q—°, (13)
a; i
a:S—C, (14)
Q

a [m*/m’/s] is specific collecting area, S, [m’] is
electrostatic precipitator collecting plates area, and
Q[m’/s] is the gas volume flow. The Deutsch
equation for electrostatic precipitator collection
efficiency is [1,2,20]:

e, (15)
w[m/s] is migration velocity of dust particles
towards collecting plates.

n=1-e

4 Analysis of different types supplies

for ESP sections

The power consumption of industrial ESP are be
in the range of hundred of kW [19].

At the inlet section (first section), the distribution
of particles is very inhomogeneous and the
concentration is very high. The dust resistivity is
low to moderate (<10' [Q-cm]) and is necessary to
charge particles as many is possible through high
corona currents. The back corona rarely occurs in
the inlet section.

In the middle section the distribution of particles
becomes homogeneous and the concentration of dust
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particles is lower. The dust resisitivity increase and
the back corona occurs more frequent and it is
necessary other time of energization (intermitent or
pulse energization). The average diameter of dust
particles is less than in the first section.

In the outlet section (last section) the
concentration of dust particles is low, but the dust
particles is smaller and the dust resisitivity is high
(>10"" [Q-cm]). Back corona often happens in the
outlet section. For high resisitivity is necessary
intermitent or pulse energization.

The ESPVI 4.0.a software is an ESP performance
prediction model, is sponsored by the United States
Environmental Agency. This software has a lot of
parameters of ESP [21]:

a. the general electrostatic precipitator parameters;
b. the electrical parameters for every section;

c. the gas parameters;

d. the dust parameters.

It is mentioned that this software automatic
executes adapting of parameters for respect of the
connection among parameters. For each parameter
are physic limitations.

Table
The general parameters of the dust and the gas

Gabriel Nicolae Popa

The simulations are made for ESPs from a
thermal power plant, that have the maximum gas
flow Q=650000 [m’/h], the apparent power S=166
[kVA]. The ESPs have four identical sections. The
main constructive data for one section are: plate area
Spiatearea=4868.5 [mz]; the distance between the
collecting plates and the discharge wires s = 0.175
[m]; length L = 4.32 [m]; height h = 12 [m]; width 1
=16.1 [m] [2,22,23].

The discharge wires are disposing in ducts and are
equidistances. First discharge wire is place at 9 [cm]
from the duct inlet, and the distance among the
discharge wires is by 14 [cm].

(7]

100 —

1

Resistivity | Gas flow Velocity Tempera-
[Q-cm] [m?/s] of gas ture [°C]
[m/s]
2:10" 114.4 0.592 145
Pressure The inlet Dynamic
[atm] dust viscousity
concen- [kg/(m/s)]
tration
[mg/m’]
1 24.61 2.6:10°
Table 2

The electrical parameters of the plate-type
electrostatic precipitators

Section Voltage Current Peak voltages
[kV] density [kV]
[nA/cm?]
1 47 16 92
2 43 11 92
3 39 12.9 92
4 44 36.9 92
Section Peak Type of energization
currents [A]
1 1.8 traditional dc energization
2 1.8 traditional dc energization
3 1.8 traditional dc energization
4 1.8 traditional dc energization
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Fig.5. Gas particles masses distributions depending
on gas particles average diameter

From fig.5 it is observe that in volume unity of
residual gas, the gas particles with diameter between
I[um] and 60 [um] have bigger masses. Although
the gas particles masses with diameter under 1[pum]
have less value that the other particles masses, its
number is bigger. The ESP collect more difficult the
particles with diameter under 10 [um] [18].

The collection efficiencies of ESP from a thermal
power plant were measured [22] and simulated for
ten technological situations, for two ESP noted with
ESP1A and ESP1B, are different each other through
inlet dust concentrations, that are noted in table 4
from I to V. The relative errors of collection
efficiency are very small that demonstrate the
performance of the ESPVI 4.0.a software on
conditions that are using the real technological (from
industry) and electrical parameters.

The migration velocity and collection efficiency
are small for dust particles with mean diameters
under 5[um], and are big for dust particles with
mean diameters over 10[um]. Thus, at traditional
energization, the collecting of dust particles with
diameter very small (under 5[um]) is lower.
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Fig.6. Migration velocity (a) and collection
efficiency (b) depending on particles average
diameter for traditional dc energization for all ESP
section

It was simulated the collection efficiency (fig.6)
for ESP depending on discharge wires, when the

Fig.7. Collection efficiency depending on discharge
wires in the duct

It was simulated the collection efficiency (fig.7)
for ESP depending on distance between the
collecting plates and the discharge wires, when the
other geometrical dimensions are the same (it was
modify only the distance between the discharge
wires and collecting plates).

Table 4
The collection efficiency for the types of energizations presented in table 3
Inlet dust Outlet dust Collection efficiency Relative error
concentration | concentration | Measured Simulated n; [%] 175 = 17m| 100 [%]
Cases qi [g/m’] Qolg/m’] Nm [%] (6) | Casea Case b P
(table 3) | (table 3)
ESP 1A casel 24.27 0.059 99.76 99.78 - 0.02
ESP 1B casell 22.235 0.06 99.73 99.78 - 0.05
ESP 1A caselll 24.61 0.056 99.77 99.79 - 0.02
ESP 1B case [V 20.84 0.053 99.75 99.79 - 0.04
ESP 1A caseV 26.915 0.083 99.69 99.8 - 0.11
ESP 1B case VI 28.795 0.085 99.7 99.78 - 0.08
ESP 1A case VII 26.915 0.08 99.7 - 99.83 0.13
ESP 1B case VIII 28.795 0.092 99.68 - 99.83 0.15
ESP 1A caseIX 26.915 0.061 99.77 - 99.83 0.06
ESP 1B case X 28.795 0.087 99.7 - 99.83 0.13
ISSN: 1109-2734 848 Issue 8, Volume 7, August 2008



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS
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Fig.8. Collection efficiency depending on distance
between electrodes (discharge wires and collecting
plates)

Increasing the distance between electrodes
resulted in decreased collection area. Through
increasing sectionalization, the inlet section is used
for low resisitivity fly ash and the middle and the
outlet section are used for high resisitivity fly ash.

It is possible to addition a precharge field provides
significant improvments in collection (especially for
submicron dust particles) [18].

Wide plate spacing between electrodes, without an
increase in overall ESP size and voltage supplies,
will not increase the collection efficiency.

When high resisitivity fly ash is processed a wide
plate spacing is necessary (usually, 0.2 [m]). The
back corona is limited by increasing electrode
spacing [20].

Then, it was simulated the collection efficiency
(fig.8) for ESP depending on types of sections
energizations for ESP with four sections. In fig.8
was noted wih DC — energize of sections with
continuous voltage (ideal); 1:01 energize with
traditional dc energization; 1:02 energize with
monowave rectifing voltage (with only one diode);
1:03 intermitent energization with order 3 (D=3),
SO on.

99.88 |

99.84

99.8

99.76 /
/

V

Collection efficiency[%)]

99.72
DC 1.01 1.02 1.03

Fig.9. Collection efficiency depending on types of
sections energizations

ISSN: 1109-2734

105 1.07  1.09 G=2.73.%0 A. 1+B-\/£ .
Supply type d? d

Gabriel Nicolae Popa

The growing up of discharge wires number from
electrostatic precipitator sections ducts has a positive
effect on electrostatic precipitator performances,
however involves a supplementary price. A bigger
value of distance between the discharge wires and
collecting plate causes increase of collecting
efficiency, but involves more performance electrical
isolations and power supplies with bigger voltages.
Increasing of intermitence of electrostatic
precipitator  sections power supplies causes
increasing of collection efficiency (especially for
high resistivity fly ash).

5 Mathematical models for current-

voltage characteristics

The current-voltage characteristics are very
important to estimate the collection efficiency, the
control and the sections power of the ESPs. The
analytic current-voltage characteristics made with
electric field strength E, particle charge density ps,
current density j, ion mobility k;, with differential
equations [4,6,7]:

VE=Ls (16)
€
Vj=0, (17)
E=-VV, (18)
j=ps -k E. (19)
The mathematical models have, in general, the
following equation for current-voltage

characteristics [13]:

Il =k;-G-U-(U-Uy,), (20)
I[A/m] is the specific current, U [V] is the voltage
between the electrodes, Uy [V] is the initial Corona
voltage and  G[s/(m>Q)] is a coefficient that
depends by used method.

Method 1 (Deutsch - the distance d[m] between the
discharge wires will be neglect)
8-m- g

G= 5 , (21)
[4 . s] [ 4-s j
— "1 .In
I T,
s[m] is the distance between the discharge wire and

the collecting plate, r.[m] is the equivalent radius for
the discharge wire.

Method 2 (Deutsch - the distance d[m] between the
discharge wires is not be neglect)

(22)
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0.017
3 0585
d
and if 0.5<s/d<0.8 then A=0515-056-2:B-35.
S

If 0.8<s/d<2.3 then A= -0.007 ;B=1.75,

Method 3 (Cooperman)

G:4-TC2'€O.L, (23)
S z
In—
re

TS
7-9 g0 (24)
2.
In a ESP, each section supplies separate:
|tot:|tot'ki'G‘U'(U _Uo)a (25)

Ly is total current through ESP section, liy is the
total length of the discharge wire from a ESP
section. The initial Corona voltage for a section of
ESP may be compute with [1,6]:
Uy =Ey-r, - In2, (26)
re

E is a initial electric field strength (27). If s/d<0.3

then  m=2.s, if  03<s/d<] then

s
S S

296 d
m=0.18-d-e 9, if 1<s/d then m:2—-e d,
=TT

Peek proposed a semiempirical relation to find
the initial electric field strength Eq [1,13]:

EO:A-8+B~\/E, (27)
re

g=Pe.lu (28)
pp T

O[-] is the relative density of gas, A[V/m] is a
constant that depends of gas and B[V/m®’] is a
constant that depends the Corona polarity, p,=10°
[N/m?] is the pressure at temperature T,=273 [K],
and p, [N/m’] is the pressure at temperature T,. For
the ESP, when it is negative Corona, the constants
have the value: A=3.2-10° [V/m] and B=9-10"
[V/m®?].

6 Comparative analyze of the
measurement and compute

characteristics

For an ESP with four section from a thermal
power plant where made graphics currents
depending on voltages measurated [22] and
computed with three methods (methods 1,2,3)
using equations (21)-(25). Each of the ESP section
has the following characteristics: s=0.175[m],
d=0.14[m] (s/d=1.25), r=0.75[mm], 1;,—=8280[m].
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At power plant, a generating set (with maximum
200MW) has two ESPs (noted with A and B).
Were measurated the currents and the voltages, for
each sections of an ESP, for a minimum load
(electrical power of generating set 145-150 MW,
tgas= 142.5 °C) and for a maximum load (electrical
power of generating set 175-190 MW, t,,, = 150
°C) [2,24,25].

The measured and computed current-voltage
characteristics are present in fig.10-17 for a
minimum and maximum load, for every section.

14 287.56
[ |
12 ] 246.48 —
h E
z ! = 2054 <
< [ ] & =
I: L =
0.8 A A1 16432
Wl
0.6 e - 123.24 ¢ Measured
[ ] *
il =
0.4 = . 21 W Method 1
5 o Method 2
0.2 - 41.08
i x Method 3
0. 0
30 35 40 45 50
U [kV]
a.
L4 287.56
| |
12 m 246.48 _
wl b E
<! S 2054 ¢
08 s = 16432 —
. — 1 '
06 = : L :‘ - 123.24 @ Measured
L ML 16 W Method 1
: ] IR ) .
* Method 2
02 {n—% 4108 A VO
# x Method 3
0 0
30 35 40 45 50
U [kV]
b.

Fig. 10. Current-voltage characteristics for
ESP 1A at minimum (a) and maximum (b)
load: section 1
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Fig. 11. Current-voltage characteristics for
ESP 1A at minimum (a) and maximum (b)
load: section 2
0.7 143.78
0.6 _* 12324 o
* =
205 - e
— 04 L. 18216 -
& =
0.3 = = : 61.62 ¢ Measured
0.2 - : 41.08 m Method 1
0.1 d = 20.54 o Method 2
0 0 x  Method 3
25 30 35 40
U [kV]
a.
1.6 328.54
+
1.4 5 287.56 o
Zl2 2 124648 2
= = =
— 1 s 2054~
*m A
0.8 : .l‘x 164.32 ¢ Measured
F
0.6 Sra b 123.24m Method 1
ki
0.4 - ‘-ix 82.16 a Method 2
0.2 = i ;* 41.08 x Method 3
0 1 lo
20 30 40 50
U [kV]
b.

Fig. 12. Current-voltage characteristics for
ESP 1A at minimum (a) and maximum (b)
load: section 3
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Fig. 13. Current-voltage characteristics for
ESP 1A at minimum (a) and maximum (b)
load: section 4
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Fig. 14. Current-voltage characteristics for ESP 1B
at minimum (a) and maximum (b) load: section 1
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Fig. 15. Current-voltage characteristics for ESP 1B
at minimum (a) and maximum (b) load: section 2
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Fig. 16. Current-voltage characteristics for ESP 1B
at minimum (a) and maximum (b) load: section 3
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Fig. 17. Current-voltage characteristics for ESP 1B
at minimum (a) and maximum (b) load: section 4

After the study of current-voltage characteristics
from fig.10-17 for minimum and maximum load, the
best compute current-voltage characteristics are for
sections 2 and 3. It can not be specify that methods
(1 or 2 or 3) are better. For minimum and maximum
load, for a specify method, the results of compute
characteristics are close. The on set Corona voltages
have big values at the input sections and have
smaller values at the output sections of ESP. At the
same time with gas cleaning, the onset Corona
voltage in a clean gas (towards output sections) has
small values. The discharge voltages in the ESP
sections are bigger in the input sections comparative
with output sections.

For the same sections, the breakdown voltages, in
general increase with dust concentration (at section 1
and 2). The smaller values of breakdown voltages
from sections (3 and 4) are present because fault
control of voltages from section or unproper
alignment of discharge wires.
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7 Conclusion

It was determine the maximum distance until the
ions are move, with (7). If alternating field
frequency decrease, the maximum distance increase
(fig.1). The ESP supply is not efficient only with
alternative voltage because occurs an oscillation
trajectory of electric charge dust particles. If
overtakes a limit of voltage frequency, the
oscillation amplitude of charge dust particles is
lower than the distance between electrodes.

Were analysis ten cases for industrial ESP
operating in a thermal power station, the relative
errors of collection efficiency, compare with real
measurements, are very small (table 4). These errors
show the model performances used by ESPVI 4.0.a
software.

The migration velocity and the collection
efficiency (fig.6) have small values for particles with
diameter under 5 [pum] and have big values for
particles with diameter over 10 [um], when the
supplies of ESPs sections were made with traditional
energization.

To improve the collecting performances of ESP,
from the analysis solutions (table 4), a useful method
is to use special devices to achives an intermitent
power supplies (intermitent energization) for middle
and outlet section where is high resistivity fly ash.
With this method the collection efficiency increase
and the electric energy consumption decrease. This
solution is valid when is collecting dust with high
resistivity (> 10" [Q-cm]).

The growing up of discharge wires number from
the sections ducts (fig.7) determines a little increase
of collection efficiency, but the cost, mount and
maintenance prices increase.

The increasing of distance between the discharge
wires and the collecting plates (fig.8), causes a light
increasing of collection efficiency, but must upgrade
ESP sections, replaced the electrical isolations and
power supplies (to obtain a higher voltage).

Through different types of ESP power supplies
sections can considerably improve the collection
efficiency of ESPs. Depending on the dust and gas
properties for each ESP section, by choosing the
right combination of power supplies and process
control the ESP efficiency can be improved.

For an ESP from industry (a thermal power plant)
for a minimum and a maximum load (for two power
of no.l generating set) was made comparision
between measured and computed (with (20)-(25))
current-voltage characteristics. The best modelling
of current-voltage characteristics are for sections 2,3
(middle section) for ESP 1A and ESP 1B. For
sections 1,4 (inlet and outlet section) the
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mathematical modeling of characteristics is
unsatisfactory because the ESP works in industrial
conditions (unproper alignment of discharge wires,
the absence of some discharge wires from sections,
some semisections are not supplies, fault control of
Corona power at discharge wires) and some
parameters used in models were approximate (Eo,
Uo, ki, I‘e).

It is important to predict the current-voltage
characteristics for ESP sections because can be use
to control corona power, to optimization the spark
rate, to optimization the rapping sequences and to
control the energy management system. To compute
realistic current-voltage characteristics is necessary
to estimate the corona current injected in ionization
region as a function of applied amplitude and shape
voltage and depending on configuration of discharge
wires. Also, it is necessary to use a comprehensive
negative corona model that involved various
phenomena like: glow corona, Trichel pulses,
sparking, breakdown streamers, etc.
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