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Outline of the presentation ALSTOM

* Introduction

 Holding forces, variations in time

* High voltage measurements

* Resistivity control by means of
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« Summary
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Principal design of Electrostatic Precipitator ALSTOM
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ESP dust collection ALSTOM
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Electrical effects ALSTOM

« Corona quenching
*Particle size distribution, ‘Fine dust’
*Reduced E-field at the emitting electrode
=>[ ess Corona current

» Back Corona
*High resistivity dust
*High E-field in the dust layer, spark-over
=>|njection of positive charges into the gas

* Reentrainment
*Low resistivity dust
Low E-field in the dust layer
=>Reduced holding forces in the dust layer
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Influence of fine particles ALSTOM
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Voltage
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Fine grained dust increases the Space Charge Effect,

l.e. Corona Quenching
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Back-Corona in ESP ALSTOM

I: lon current
density

E: Electric field

R: Dust layer
resistivity

E=jp
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High resistivity

E Field strength, [V/m]
j  Current density, [A/m?]
p Dust layer resistivity, [(QQm]
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Dust emission vs. power consumption ALSTOM

Back corona dust

Non back corona dust
— 4
Power
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Low resistivity dust, reentrainment ALSTOM

o8 Tear off
| Gas flow (drag)
: . Negative Gravity
25 Charge flow
® E: Electric field Holding
R: Dust layer Electrpstatic forcgs
resistivity Chemical (cohesion)

.........

goses — Collecting plate

Reentrainment related to low resistivity
depends on the relation between dust
layer electrostatics and gas flow close to
the collecting electrode.
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Dust emission vs. resistivity ALSTOM
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Dust layer, resistivity

ALSTOM
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Conductive 10%-108 Qcm
Normal 108-1079 Qcm
Moderate 1079-10" Qcm
High 1077-1073 Qcm

[Parker et.al, Applied Electrostatic precipitation, 1997]

Classification 2

Low 107-10° Qcm
Best perf.  10°-10"" Qcm
High 1077-1073 Qcm

[Porle, Francis, Bradburn, ESPs for ind. Applications, 2005]

Classification 3
High >1079Qcm

[White, Industrial Electrostatic Precipitation, 1963]
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Dust resistivity versus moisture and temp.

ALSTOM

Surface
resistivity
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Dust layer, electrostatics

ALSTOM
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Gas flow distribution ALSTOM
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Gas flow distribution, means to minimize
reentrainment ALSTOM

* Minimize high gas velocities
e Uniform flow distribution

* Avoid in-leakage
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Current distribution, general ALSTOM
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ESPs - discharge electrode ALSTOM
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ESP - Spiral current distribution ALSTOM

Current distribution on collecting plates
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ESP - RDE discharge electrode, current
distribution ALSTOM

Current distribution on the collecting plate

' Plzate type Smitter

[/ L/

E |

-
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,

- Large areas with either high or zero current -
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Current distribution, RDE ALSTOM

® Dust pattern similar to
current distribution

® High CV-value in
current distribution

® Poor utilisation of
collecting plate

® Reentrainment
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lonic wind, spiral ALSTOM
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Current distribution ALSTOM

* Influenced by emitting electrode design
* Non uniform current distribution gives:

-Substantial areas of low current densities
-Negative effect from the ionic wind, high current areas
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Voltage ripple vs reentrainment ALSTOM
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Dust layer, Time Constant ALSTOM

. ”\‘
? i

I: Negative
charge flow d

G Collecting plate

P, &

r Time constant , [s] |
A Area, [m?]
d Distance, [m] — T

¢ Dielectric constant, [As/Vm] |
o Resistivity, [QQm]
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Estimation of dust layer time constant ALSTOM

T=R-C=p-¢

P, €
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Estimation of dust layer time constant ALSTOM

T=RC=p¢
£=1-8,85-1072 As/NNm=1-10"" As/Vm

p=1-10"9 Qcm =1-106 Om =>T=1-103s=1ms

P [Qcm] T [ms]
1-108 0,01
1-1070 1
1-1072 100
1-10™4 104(=10 s)
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RC circuit, pulse response ALSTOM
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RC circuit, frequency response ALSTOM
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Circuit modelling

ALSTOM
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Conventional T/R, 1:1 operation

F=2*50 Hz
,=1A
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Conventional T/R, 1:1 operation
T=100 ms (10> Qcm) ALSTOM
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Conventional T/R, 1:1 operation
T=10 ms (10" Qcm) ALSTOM
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Conventional T/R, 1:1 operation
T=1 ms (1019 Qcm) ALSTOM
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Conventional T/R, 1:1 operation
7=0.01 ms (108 Qcm) ALSTOM
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HFPS, continuous current operation
7=0.01 ms (108 Qcm)

ALSTOM
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Time variations of current, spark recovery ALSTOM
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Time variations of holding forces, means
to minimize reentrainment ALSTOM

« Simulations indicate risk of reentrainment
Low and Medium resistivity

 Low Voltage ripple
» Spark over control

*Minimize blocking time
*Optimize voltage recover
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Topics ALSTOM

* Introduction

 Holding forces, variations in time

* High voltage measurements

* Resistivity control by means of
Power Control Rapping

« Summary
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HFPS vs. Conventional T/R

Electrical Performance — Output Voltage ALSTOM

Peak kV
A
VESP é Spark level 6
oltage .
kV .--.....-.-...‘_.'_!_q_..% ...........................................
kV srl |l [ | | 0 :
............................... |
; m :
60 !
o0 A\ VA VAR VAVAVAVAVAVA M| ;
i
\ Vd i
20 :
Conveptional TR / Veglley kV
0 i
1
i
- ESP
S | . . > Current
, > »! mA
I Conventional T/R With SIR
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Test system set-up, Air load

ALSTOM

Supporting insulator

Gas flow

I”lll

3
>
>

Redctifier circuit

2
1

i

Discharge electrodes

"spiral wires" Collecting electrodes

"Plate curtains"

PCUG/Round Table - July 17th 2012, Baltimore

Earthed

Collecting Area:
A =50 m?

Electrode spacing:
D=400 mm

Discharge electrode:
Spiral (30/2,7)

Power Supply:
T/R set (ADOR)
HFPS (SIR)

External voltage sensor:
Wide Bandwidth Volt.Div.
15 MHz (Ross Eng.)

Oscilloscope:
Tektronix, DSO
500 MHz, 4 ch
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HFPS vs. Conventional T/R
Comparison — Output Voltage ALSTOM
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External sensor, set-up

ALSTOM

(1

RGS59 Coax

Source

= (2)

Oscilloscope

;

(C))

VMA Adapter
(if applicable)

(Extract from manual)
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Conventional T/R, 1:1 operation
=50 mA, 25 mA, external sensors ALSTOM

50 mA (1 mA/m?) 25 mA (0,5mA/m? )
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Conventional T/R, 1:1, 1:3

T/R signal vs External sensor

ALSTOM
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HFPS vs. Conventional T/R
Same peak voltage ALSTOM

[kv]

Conventional T/R: 25 mA Conventional T/R: 50 mA

HFPS: 75 mA HFPS: 150 mA
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HFPS vs. Conventional T/R
Same current (average), 50 mA ALSTOM

Conventional T/R: 80 kV g

HFPS: 90 Ve
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HFPS vs. Conventional T/R
Comparison — Spark recovery

ALSTOM

Conventional T/R

V]

HFPS

20 kV/div, 10 ms/div
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High voltage measurements ALSTOM

* For precise measurement use
Wide Bandwidth Voltage Dividers

* Peak voltage may be higher than expected
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Topics ALSTOM

* Introduction

 Holding forces, variations in time

* High voltage measurements

* Resistivity control by means of
Power Control Rapping

« Summary
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Dust layer, electrostatics

ALSTOM

Q

Negative
charge flow

. Electric field

..........

: Dust layer
resistivity

PSS Collecting plate
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F=QE
E=jp

=>F=Qjp

F Force, [N]

Q Charge, [C, (As)]

E Field strength, [V/m]

j  Current density, [A/m?]

p Dust layer resistivity, [(QQm]
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Strategy ALSTOM

Power Control Rapping

Reduces electrical holding forces

Important at back-corona situations where accumulation of high
resistivity dust over time increases the dust difficulty

Normally PCR is not necessary every cycle. Often every 5
(difficult) or less frequent is enough

Preferably do exit field PCR at night when ambient temperature
impact is low and boiler load is low

If the control system is upgraded for more power, the need for
PCR will be more likely, i.e. SIR.
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Power Control Rapping ALSTOM

m&

Current

| 4 Time

*Red is secondary current. Green is rapper operation. mA drop is PCR

o
Rapper
operation
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Tuning Rappers-PCR

ALSTOM

100.00

50.00

4.00
6000
40.00

3.20

0.0

30.00

240

4000

20.00
1.60

2300

10.00
0.860
i
0.00
0.00
30.00

= SecCurrAve
= SecVolthve
= TstDigin11

= SecVoltAve

u
1
1
1
[}

(mA)
(kv)

(glp)
(Kw)

-
[}
]
1
]

W‘T" e ooy
L

-

T

E

Unit14
Unit14
Unit 14

Current: 31/08/00 12:03:59
Trend: 31/05/00 09:00:00

S W ———

5--1
3
e
£

p—y
—_
n
(]
=

(hrs)

*Note the drop in kV after PCR every two hours. This is a second field and this drop is a good

*Sign of working Power Control Rapping
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PCR Rapping sequence
bpIng sequ ALSTOM

J N
Fie Format  Options | Help
< > | >3] Fouwr 124 [09324 [0614 [2914 [23]24 [00.24 [00

= AuxAve Unit 52 Current: 09-06-29 16.12.14
= Current/10 (mA)  Unit52 Trend: 09-03-31 23.00.00
= SecCurrAve Unit 51

200.00
RO QN s gorssesemsiust st e e g
2500.00 : : ; i : :

160.00 : : i i : !
PON0I0G o=rnrmrrorrmeammamnee .' ............................ ', ............................ ‘ ............................ ..: ............................. .' ............................ ;
2000.00 : i : : : H

120.00 : i :
s O —— e s e frrmemssssssnesersn R —-
1500.00 : = = = : =

§0.00
1000.00 7
1000.00

40.00
500.00 T
500.00

0.00 : : ; ; ] :

0.00 i i i i i i

pop O 10 20 30 40 50 60
{min)
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PCR Rapping sequence
PPINg Se9 ALSTOM

ProMo- Il History Trend - 09033100.DAQ, PER.TRH

N
I;t:
=

File Format Options
[ > 1 [>>] Fowr 124 [0924 [7534 [2924  [1a4 [004 [o0

- AuxAve Unit 52 Current: 09-06-29 16.07.44
= Current/10 (mA)  Unit51 Trend: 09-03-31 14.00.00
= SecVoltPeak Unit 51

200.00 ™= SecVoltvalley Unit 51

1200.00 _

1000.00

1000.00

160.00
960.00 |
§i00.00
@i00.00

120.00
720.00 |
600.00
600.00

60.00
460.00 |
400.00
400.00

40.00
240.00
200.00
200.00

0.00 U §
0.00 : : : — : s
0.00 g 10 20 30 40 50 60
0.00 (min)
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PCR Rappi
apping sequence -

ProMo-Il History Trend - 09040300.DAQ, PER.TRH |74 N
File Format Options | Help

<kl (> B3] Fowr 124 [9934 [7o024 [2524 [17724 [00z4 [oo
- AuxAve Unit52 Current: 09-06-29 155917
= Current/10 {mA)  Unit51 Trend: 09-04-03 17.00.00
= SecVoltPeak Unit 51
200,00 ™= SecVoltValley Unit 51
1000.00 : : : : i
1000.00

168.00
20000.00
600.00
600.00

136.00
15000.00
600.00
600.00

...............

104.00
10000.00
400.00
400.00

72.00
5000.00
200.00
200.00

................

oo0 | L : ; : : —- :

0.00 g 10 20 30 40 50 60
0.00 (min)
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PCR with EPOQ optimization  aALsteM

Secondary
voltage

' V 1 e \Secondary

. current
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Topics ALSTOM

* Introduction

 Holding forces, variations in time

* High voltage measurements

* Resistivity control by means of
Power Control Rapping

« Summary
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Summary ALSTOM

* Low resistivity calls for higher current, F=Qj-p

* Time variation of Corona current
Risk of reentrainment for
Low and Medium resistivity ash

» Use external voltage sensors for
precise measurements

« Back Corona is influenced by rapping sequence
Improved operation at high resistivity with PCR
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ALSTOM

Thanks for your attention !
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