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Principal design of Electrostatic Precipitator =~ ALSTOM

Supporting insulator Rectifier circuit

il

Charging

Gas flow

L Earthed

Collecting electrodes
"Plate curtains”

Discharge electrodes
"spiral wires"
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ESP dust collection ALSTOM

Discharge electrodes # Collected dust

Clean gas

1
W@

Dust-laden
gas

Collecting electrodes

PCUG/Round Table - July 12th 2011, Cleveland - P 5

© ALSTOM 2011. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any

particular project. This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without
express written authority, is strictly prohibited.



Electrical effects ALSTOM

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

« Back Corona
*High resistivity dust
*High E-field in the dust layer
Injects positive charges into the gas

* Reentrainment
sLow 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

Poor Power Input

Voltage
A
e Spark over voltage @
Us
E
E‘
— Coarse dust /
— Fine grained dust g1 ;vils-l-:gharge
Uc / electrode
collecting
y > plate

i1 Current density iz

Fine grained dust increases the Space Charge Effect
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Back-Corona in ESP ALSTOM

I: lon current
density

The resistivity
challenge

E: Electric field

R: Dust layer
resistivity

E=Rx| ® 4

Back corona

&
©

High resistivity

[z}--'r
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Dust cake formation inside ESP ALSTOM
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ESP kV/mA characteristics ALSTOM

Curve forms for different operating conditions
kV

no back-corona

some back-corona

severe back-corona

mA

Best efficiency with reduced power when back-corona
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Dust emission vs. power consumption ALSTOM

Emission

Back corona dust

Non back corona dust

—
Power
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Low resistivity dust, reentrainment ALSTOM

:-,::-,:':': Tear off
| Gas flow (drag)
S I Negative Gravity
e charge flow
OfF = E: Electric field Holding
T Electrostatic forces

R: Dust layer _ _
resistivity Chemical (cohesion)

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

Collection

efficiency
A

Reentrainment Back-corona

>

Resistivity
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Dust layer, resistivity ALSTOM
Classification 1

Conductive 104-108 Qcm
R Normal 108-1019Qcm

Moderate 1010-1011 Qcm
:  Negative High 10111013 Qcm

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

E: Electric field Classification 2
. Low 107-10° Qcm
R: Pel;?étﬁ?{er Best perf.  109-1011 Qcm
y .
High 1011-1013 Qcm

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

Classification 3
High >1019Qcm

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

ALSTOM

Volume
resistivity

R=F(T)

Surface
resistivity

Dry air

Moist gas

100
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300 500 °F
150 250 oc

Coll. plate

Volume

resistivity
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Dust layer, electrostatics ALSTOM

Q
SEy F:Q E

Negative E=jp
S charge flow
Of = . Electric field =>F=Q]|p
R: Dust layer
resistivity F Force, [N]
2 ™ Collecting plate Q Charge’ [C’ (AS)]
E Field strength, [V/m]
j  Current density, [A/m?]
© Dust layer resistivity, [(QQm]
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Gas flow distribution ALSTOM
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Gas flow distribution, means to minimize
reentrainment ALSTOM

« Minimize high gas velocities
« 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

Spiral Emitter
CiL Spiral N
=7, L/
E C
E
2
i
[ [
G- Bt 280pA/m? average
CV.=70%

- Best available and proven discharge electrode -
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ESP - RDE discharge electrode, current
distribution ALSTOM

Current distribution on the collecting plate

Plate type =mitter

&

e

C/L Plate type O
amitter

[)

226pA/me average
C.V. =107 %

- 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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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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Dust layer, Time Constant

ALSTOM

I Negative
charge flow

O = E: Electric field

.....
1111111

R: Dust layer
resistivity

paies — Collecting plate

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

¢ Dielectric constant, [As/Vm]

P Resistivity, [QQm]
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Estimation of dust layer time constant ALSTOM

Capacitor, plate

’x

Resistor, block

’i
| } R=p
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Estimation of dust layer time constant ALSTOM

>

7 t=R-C=p-¢
%

P, €
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Estimation of dust layer time constant ALSTOM

T=RC=p¢
e=1-8,85 1012 As/Vm=1-1011 As/Vm

0=1-1010 Ocm =1-1080Om =>T=1-103s

P [Qcm] T [ms]
1-108 0,01
1-1010 1
1-10%2 100
1-10%4 104(=10 s)
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Voltage ripple ALSTOM

Socondary voltage

If the time constant of
the dust layer Is short
compared to the
variations of the ESP
— voltage then the current

ﬂi i N ” ﬂ ﬂ/ in the dust layer follows
' ' ! the corona current.

Conduction pencsd

=>Keep corona current
constant
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Voltage ripple vs reentrainment

ALSTOM
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Time variations of current, spark recovery ~ALSTOM

' | | 1 : | w ® HFPS may have a shorter
. " blocking time, no 50/60 Hz
dependency

nEEEEEE P;JTJ—E:::%?; ® Superior bandwith of the
LEL ~ 10 ms/div control loop (faster)

- enables improved spark

KL W recovery.

{ LR

i M ”n"l

S
- {
g U\l l.||
| | 50 ms/div
PCUG/Round Table - July 12th 2011, Clevelan d P 36
© ALSTOM 2011. All rights r ved. Informatio ned in this document is d ative only. No representation o war nty is giv should be Id thtt complete o t r will apply to al
p articular project. This WIIdp d n the techni I dcommerC|aIC|rcumt s. Itis p vided without liability and is subject to h g e without n t Rp oduction, use or d|s| e to third parti swlh ut

express written authority, is stric tlyp ohibited.



Time variations of current, means to
minimize reentrainment ALSTOM

* Reduce voltage ripple

e Spark over control
*Minimize blocking time
*Optimize voltage recover
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Acceleration forces ALSTOM

Rapping acceleration

An uniform
distribution of
acceleration
forces is
preferred.
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Off-Flow Rapping Design ALSTOM

Movable”
Perforated
Plates

Collecting
Electrode

"Fixed”
Perforated
Hlates

"Movable”
Perforated
Plates

¥

Discharge/
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Tube %’ \
?}y Collecting
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Rapping losses, means to minimize
reentrainment ALSTOM

* High rapping losses are expected due to low holding forces
* Tuning of rapping sequence
« Uniform acceleration

 Off flow rapping
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Summary ALSTOM

* Low resistivity calls for higher current, F=Q:j-p
» Gas flow distribution
*Reduce high velocities
« Current distribution
*Minimize low current zones
lonic wind
* Time variation of Corona current
*Minimize voltage ripple
«Spark over control
* Rapping losses
*Optimize rapping sequence
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ALSTOM

Thanks for your attention !
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