


NOX

ACF

3mm

NOXx

NOXx

NOXx




Abstract

Electrostatic Precipitators (ESPs) have prevailed over the industries
nowadays. ESPs in many cases are especially used for removing fine particles
in combustion gas for example thermal power plants, waste incineration
plants and car road tunnels. Although ESPs can remove fine particles, ESPs
can really generate undesirable ozone which makes NO (nitrogen monoxide)
in combustion gas be oxidized into more harmful NO: (nitrogen dioxide).
There are also the other reports which show that ESPs generate NOX
(nitrogen oxides). Since ESPs should contribute to improving the
environment, it seems important to develop the technology for minimizing
the negative aspects above mentioned.

In addition, the ventilation to ESPs is normally made by fans with
mechanical rotating blades. It has been reported since old days that ionic
wind is generated more or less in the corona discharge space at ionozers of
ESPs. If this ionic wind blows in the structure of parallel flat plates with
spikes of ESPs and is actively utilized for ventilation, the application of
ESPs will become wide.

According to this background the theme of this paper is determined as
“Reduction of Ozone and NOx Generation from Electrostatic Precipitators
and Effective Generation of lonic Wind”. The following three subthemes will
be cultivated technically in this paper.

(1) Reduction of Ozone Generation in an Electrostatic Precipitator

The various shapes of spike type dischargers in an ionizer of an ESP were
examined with the change of the tip angle and tip pitch of spikes. Positive or
negative d.c. high voltage was applied to the spikes. As a result, a
phenomenon was observed that a type of spikes with positive voltage showed
the decrease of ozone generation in spite of increasing the power
consumption. At the same time, the aspect was seen that the positive corona
discharge modes started from the beginning of brush corona finally to
streamer corona via glow corona with increasing power consumption. The
region of ozone decrease was appeared only with positive glow corona. The
conditions for minimizing the ozone generation from ESPs have been
clarified.

(2) Reduction of NOx Generation in an Electrostatic Precipitator
In a one-stage type ESP, non woven cloth of 3 mm thickness made of ACF



(Activated Carbon Fiber) was attached to the surface of the earth-plates.
Positive or negative d.c. high voltage was applied to the discharge plates
with spikes. As a result, a fact was confirmed that negative discharge was
superior to positive discharge on the point of the less power consumption
(less than the half) and the decrease of NOx generation. In case of positive
discharge, the increase of NOx with increasing the power consumption was
observed. The condition for minimizing the NOx generation with low power
consumption has been clarified.

(3) Generation of lonic Wind by Using Parallel Flat Plates with spikes

Discharge plates (three types) with spikes and earth-plates were alternately
arranged with the parallel constant distance. Positive or negative d.c. high
voltage was applied to the discharge plates in order to obtain the stronger
ionic wind for a direction to be parallel with plates. As a result, the
conditions for realizing ionic wind generators as ventilation use have been
clarified.
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1.2
1.2.1
s Ini s
11ni s 13ni's
1.2.1
1.2.1
M M SPv SPv
13nk ) 104 m ( ) 104 m
S APG32-T MIH 2000 APG32-T MH_2000
ny/ % ny n8 % ny n8 % ny/ n8 %
9:00] 0.144 0.019 86.8 22:00] 0.087 0.011 87. 4

10: 00} 0.182 0.022 87.9 23:00] 0.116 0. 016 86. 2,

11:00] 0.187 0.022 88.2 0:00] 0.102 0.014 86. 3

12:00] 0.185 0.022 88.1 1:00] 0.121 0. 016 86. 8

13:00] 0.184 0. 025 86.4 2:00] 0.146 0. 019 87.0

14:00] 0.200 0.027 86.5 3:00] 0.1243 0. 019 86. 7|

15:00] 0.235 0. 030 87.2| 0.088 0.014 84.1 4:00] 0.171 0. 027 84.2| 0.056 0.010 82.1

16:00] 0.294 0.041 86.1 5:00] 0.187 0. 030 84. 0

17:00] 0.175 0.022 87.4 6:00] 0.216 0. 033 84. 7

18:00] 0.157 0.022 86.0 7:00] 0.157 0. 025 84. 1

19:00] 0.105 0.014 86.7 8:00] 0.146 0. 022 84.9

20:00] 0.110 0.014 87.3 9:00] 0.087 0. 014 83. 9

21:00] 0.082 [ 0.011 86.6 T T T 1
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(Reduction of Ozone Generation in an Electrostatic Precipitator)
Abstract: Electrostatic Precipitator (i.e. ESP) has recently been utilized for
environmental protection of purifying road tunnel exhaust. ESP can remove soot from
automobiles by charging with corona discharge. In the meantime, corona discharge
generates ozone (Os). Nitrogen dioxide (NO2), a toxic gas element, then, increases
undesirably, contrary to the purpose of environmental protection because Os oxidizes
nitrogen monoxide (NO) contained in tunnel exhaust gas into NO2. We examined the
effect of electrode geometry and polarity of corona discharge on ozone generation. As
a result, a method has been developed to minimize ozone generation associated with

corona discharge in ESPs.

3.1
SPM Suspended particle matter,
1, 13- 16)
3.1
2 3.1
2
3.2
3.3
3.1
Table 3.1 Typical properties of exhaust gas in urban tunnel.
Day average Fluctuation range
SPM Suspended Particulate Matter 0.20 mg/m?® 0 2.0 mg/m?
NO; Nitrogen dioxide 0.1ppm 0.05 1.5 ppm
NOx Nitrogen oxides lppm 0.5 5 ppm

16
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Fig. 3.1 Structure and theory of two stage type ESP.

3.2
Table 3.2 Specification revisions of tunnel ESP for road tunnel.
o First edition | Revision 1 Revision 2
Specification
(1987) (1996) (2006)
Velocity [m/s] 7 9 9
) o Negative Positive or
Polarity Positive )
2 Negative
Discharge pole Wire Wire Spike
Soot Collection [%] 80 80 90
Power Consumption per unit gas flow | (Approx.35
55 110
[W/(m3/s)] 1
1 1987
2 1996
3 2006
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3.3

Table 3.3 Regulation value of gas elements .

Chemical | Environmental Permissible ACGIH
cas symbol | standard 1 hour Density 1 2
Nitrogen monoxide NO None none 25 ppm
Nitrogen
NO:2 0.04 0.06 ppm none 1ppm

dioxide(NO2)

None (Existing as
Ozone Os . 0.1 ppm 0.1 ppm
oxidant 0.06ppm

1 recommendation of Japan Association of Industrial Health

2 American Conference of Government Industrial Hygienist

2,17-20) 3.2
3)
4)
0.6 y
B : -
%04 Wire diameter:
S 0.26[mm]
m 3
% ; Material: Tungsten
O * Positive
% 0.2 3 4 Negative —
S .
A
0 A-'//

0 50 100 150 200
Power Consumption
per unit gas flow rate[W/(m3/s)]

3.2

Fig.3.2 Characteristics of ozone generation by positive or negative corona discharge
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3.2

3.3

3.4

2m 3m

+
Chamber High volt
Temperature/ Pogvjer mggey ol eni
_Humidity Voltmeter/Ammeter ~ D'€S8l engne
is congant.
lonizing section
thnn, T with each spik

L
Air flow )I T Air flow

|

Fan Ozone meter
Collecting APOA360
section Digital dust counter
AP632T
3.3

3.4

Fig.3.3 Schematic diagram of tested ESP. Fig.3.4 Composition of spike electrode.

3.4 . Angl e
Hei ght Pitch Gap Angle Pitch
Hei ght 10mm Gp 12mm
3.5
5m/ s
0. 5ng/ lcpm 0. 0031ny/ n
0.17ni/s
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3.4

Table 3.4 Specifications and conditions on experiments.

Items Details
Duct W;940mm H;780mm L;12,500mm
0.17 m®/s for measuring ozone. 5 m®s for measuring soot
Flow rate

lonizing section

collection. (9m/s for line velocity in ESP)
(Positive discharge) W;900mm H;720mm L;300mm
(Negative discharge) W;900mm H;720mm L;170mm

(Common) Material of spikes and plates;SUS304.
Thickness of spikes and plates; 0.5mm.

Voltage; Variable (positive or negative)

Collecting section

(Common for positive and negative)

W;900mm H;720mm L;800mm

Material of plates; SUS304. Thickness of plates; 0.4mm.
Voltage; 9kV (positive or negative).

Gap of adjoining plates; 10mm.

Meters

For ozone ; APOA360 type (HORIBA
For soot concentration ;AP632T type (SHIBATA light scattering)

ultraviol et absorption)

Diesel engine

Type: 4BD1-T (1SUZU). Displacement volume:4000cc.

High voltage power

supply

Controlled phase by thyristor and duplicated voltage type

(Origin Electric). Max. rate DC£12kV,150mA

3.5

Table 3.5 Condition of spike electrode.

Experimental case | Angle [deg] Pitch [mm] Unit per power consumption
| [W/(m3/s)] 1
20 4 i 98
30 4 | 126
40 4 | 103
20 8 | 56
30 8 | 108
40 8 § 117
20 12 | 70
2 30 12 : 174
2 40 12 103
1 3.8 2 3.8

20
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Fig.3.5 Discharge current as a function of applied voltage.

3.6

3.7
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3.6

Fig.3.6 Ozone concentration as a function of input power for experimental cases.

_______________________________________________

Brush corona (8.5kV)

-~

\ Tip of spike

Camera: Canon 20D
Lens: Canon 300mm
Sensitivity: 1ISO 1600
Shutter speed: 30sec.

Oscilloscope: Tektronix DP0O4104
Probe: Tektronix TCP312
Horizontal axis: 40u s /div.
Vertical axis: 10mA/div.

Earth pldte ...

(1) Area 1 of Fig 3.6

Glow corona (10.5kV) 1 W streamer corona (12kV)

w8

(2) Area 2 of Fig 3.6 (3) Area 3 of Fig 3.6

3.7
Fig.3.7 Corona shape and Current ripple.
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50W/(m3/s)

1 3.7(1)
2,5) VIS
50W/(m3/s) 150W/(ms3/s)
2
3.7(2)
2)
1
150W/(ms3/s)
3 3.7(3)
2) 1
170W/(m3/s) 270W/(m3/s)
250W/(m3/s) 350W/(ms3/s)
2
318W/(m3/s) 1.13ppm
50W/(m3/s)
6)
2)
1 3
2
2
3.8 0.67kV/mm(Gapl2mm, 8kV)
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5,7,8,9)
8)
3.9 5
50W ( nt/ S)
80%
10-12)
20 4mm 8mm 12mm
30
4mm 8mm
40 4mm 8mm
10mm 20
40 12mm
5)
8)l 4)
3.10
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Fig.3.8 Ozone concentration as a function of spike pitch.
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3.10
Fig.3.10 Spikes after two years operation

3.4
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(2)
(3)

(4)
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4mm
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4 NOXx
Reduction of NOx Generation from Electrostatic Precipitators

Abstract: Electrostatic Precipitators (ESPs) have recently been applied in
environmental air purification for congested car roads. When ESPs are used
to remove suspended particles, corona discharges generate NOx (=NO + NO3y),
or oxidize NO in contaminated environmental air into more toxic NO2. This
drawback of ESPs should be improved for more wide use of ESPs as a tool for
environmental air purification. In this study, effectiveness has been
evaluated of the non-woven sheet made of activated carbon fiber (ACF)
attached on collection electrodes of an ESP. The experimental results show
that this method can not only minimize NOx generation from ESPs but also
improve collection efficiency of suspended particles.

4.1
SPM Suspended particle matter,
NOx Nitrogen oxides NO:> Nitrogen dioxide NO Nitrogen
mono-oxide 1-6)
SPM 0.1mg/m3
NO:2 0.04 0.06ppm
4.6,7) NOX NO: ppm
NO
8)
SPM
9)
10mA

NOx (=NO + NO3)
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10, 11, 18- 20)

NOXx

NOx NO2
NOXx
O3 12, 13)
NO NO NO;
NOXx ACF Activated Carbon Fiber
15)
SPM
NOXx
ACF NOXx
4.2
ESP
NOX
80% 4.1 ESP
SUS304 0. 6rm
SUS304 0. 6rmm
3mm ACF
FN- 150- P20 500 nt/ g 18y m 15
0.01 5
Gp 18mMm
Angl e 30 (Height)  10mm (Pitch) 16mm
4.3 4.1
ESP
0.5m s ESP
3m NOX
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ESP 0. 5ng/ mi

lcpm 0. 0031ny/ nm
NOX NO, NO
NOx
ESP NOX .0.5n's
ACF
ACF
ACF ACF
ACF ACF
35 45Rh%

Discharge pole

\

\Hei ght:10mm

| Gap 18mm
\Angl €;30deg,
\ k‘ Pitch; 16mm

Earth-plate

4.1 ESP
Fig. 4.1 Appearance of the ESP.

4.2
Fig. 4.2 Structure of the electrodes.

High voltage:
QR Do supply Diesel engine
Voltmeter/ Ammeter :
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|
ta |
S 2}
4 "Ir
/! | Ji
-
\Ml ,ﬂ__{ |+le % <—’\11 ﬂa\.\J
\
\ iis |
Fan ﬁ‘lum meter [ FI Soot mieter
ﬁNOL meter | ||I NOx meter
EDZO{E metey. ) Ozone meter
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Fig.4.3 Test equipment.

4.1
Table 4.1 Specifications on test equipment.
Items Details
Duct W;940mm H;780mm L;12,500mm
Flow rate 0.23 m3/s (0.5m/s of line velocity just in front of ESP)
ESP W;775mm H;720mm L;200mm
without ACF Number of spike plate lanes ; 19
ESP W;794mm H;720mm L;200mm
with ACF Number of spike plate lanes ; 16
For soot concentration;AP632T type (SHIBATA,light scattering)
For NOx concentration ; APNA-370type
Meters (HORIBA, chemi-luminescence)
For ozone ; APOA360 type (HORIBA ultraviolet absorption)
Diesel engine | Type: 4BD1-T (ISUZU) , Displacement volume:4000cc
High voltage Controlled phase by thyristor and duplicated voltage type
power supply | (Origin Electric),Max. rate DC+12kV,150mA,Ripple ; £3% or less

4.3
4.4
ACF
6. 5kV
ACF
4.5

12kV

7. 5kV ACF

ACF ACF

ACF

(b)
(c) : (c)

14)
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© 10 with ACF

5 —o— Negative

with ACF
0
Applied voltage [kV]
4.4

Fig.4.4 Voltage—current characteristics.

4.6
4.7 ACF
ACF
A
ACF
4.8 ACF
A
. B
C ACF

18 mm

(b) Brush
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(1) ACF

Fig.4.5 CASE(1) Positive without ACF.

a b
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4.6

ACF

-(3) ACF

Fig.4 6 CASE(2) Negative without ACF. Fig.4.7 CASE(3) Positive with ACF.

100.0 - ] -
Target particle diameter; 0.3 micron meter |

00 X

T 800 |

g 700 ---&-- Positive

S 600

“ch 50.0 —=— Negative

T 400 —a— Positive

E 300 with ACF
200 4 e
10.0 :

0 25 50 75 100 125
Power consumption [W]
4.9
Fig. 4.8 CASE(4) Negative with ACF. Fig. 4.9 Collection efficiency.
4.9
80%
40W 9 kV 4.4 mA
42W 8 kV 5.2 mA
ACF 49W 6.5kV 7.6 mA
ACF 22W 6.5kV 3.4 nmA
40W 80%
80% ACF

ACF
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6.5kV 0.5 mA

ACF 7.6 mA
ACF
: 6.5kV 1.5mA
ACF 3.4 mA : ACF
ACF ACF
: ACF
7.6/0.5 15.2 3.4/1.5 2.2
B. Sung
17,21) ACF
ACF
B. Sung
4.7 4.8 ACF
ACF
ACF
4.10(a) (b) NOX : 4.10(a)
4.10(Db) : ESP NOX
NO, NO : 4.11(a)(b)
4.11(a) 4.11(b)
(1)
20W 70 W
14)
. NOx
NOX
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(2)

NOX
NOx
10, 11, 13, 16)
(3) ACF
NOX
ACF ACF
(4) ACF
NOX NO
(5) ACF ACF
4.10(a) (b) NOX . ACF 10W
NOx ACF 25W : ACF
NOX NO,
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YT A— : ~100 ! viith ACF
I Power consumption [W] —20.0:___________________________:
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4.10(a) NOx 4.10 (b) NOx
Fig. 4.10(a) Generation of NOXx. Fig. 4.10(b) Generation of NOx (Magnification)
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| Lo —o— Positive Q4Fmom=s====ssommooooooooooonooy
5o et || E Magnification 7o Poste
2 9 20 of “PartB” - Negative
E 0.7 / —— Positive §02 ri—A—Positive
g il et i g !
< 01 I‘é/ﬁ/“ ‘ ! i

01 '0 """ 2 '5 50 75 100 125 0'0:5 """ g‘“‘1‘5““1“5‘““2‘5"“2‘2

Power consumption [W] Power consumption [W]
4.11(a) 4.11(b)

Fig. 4.11(a)Generation of ozone Fig. 4.11(b) Generation of ozone (Magnification)

4.4
4.7(b) 4. 8(b) ACF ACF
ACF
ACF
ACF
4.2 ACF
4.3 . 4.2 4.3
" Large” " Small” . ACF
-)
4.2 ACF ACF
Table 4.2 Comparison of “Positive ACF” and “Negative ACF”
Positive ACF Negative ACF
Power consumption for 80% collection 49 W Large 22 W Small
NOx generation at 25 Watt 8 ppb Large 0 ppb Small
Ozone generation at 25 Watt 50 ppb Small 150 ppb Large
4.3
Table 4.3 Comparison of “Positive” and “Negative”
Positive Negative

Power consumption for 80% collection 40 W Small 42 W Large

NOx generation at 25 Watt 65 ppb Large 7 ppb Small
Ozone generation at 25 Watt 300 ppb Large 200 ppb Small
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Generation of lonic Wind by Using Parallel Located Flat Plate

Abstract: Instead of conventional fans with rotating blades, ionic wind
generators have been utilized in the various industrial fields. It is naturally
important for an ionic wind generator to have its compactness and its less
power consumption. Although many types of ionic wind generators have been
reported, we have noticed and chosen a method of parallel located flat plates
with spikes. We examined how the position and location of spikes affects its
ionic wind velocity and its power consumption. As a result, it is clarified that
the positive discharge has the best performance on power consumption and
the negative discharge enables the fastest velocity.

5.1

1-5, 9- 15)
6)

7,16, 17)
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42



5.2 SUS304
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Fig. 5.1 lonic wind generator Fig. 5.2 Earth plate and spike plate.
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5.3
Fig. 5.3 Test equipment.
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5.1

5.4
5.2 1
2 3
1 2
10mm 15nmm 20mm
2
mm
[
5.1
Table 5.1 Specifications on experiments.
Items Details
Main duct W 121, H 120, L 100 [mm] (Inside)
Straight duct |W 121, H 140, L 200 [mm] (Inside)
High voltage Model-502 (Pulse Electric Engineering)
power supply | Max. output; DCzx 25kV , 20mA
Voltage meter | Digital multi meter type73303 (Yokogawa)
Probe Ratio;1/1000 (FLUKE), For high voltage
Current meter Type2007(Yokogawa);range;1.0mA 3.0mA
or Type2011(Yokogawa);range 10mA
Wind velocity | Climomaster MODELG6531 (Kanomax)
meter Range; 0.10-30.0 m/s, Mode;1 sec. measuring & 10 times ave.
5.3
5.3.1 5.2
5.5 5.6 5.5
5.6 [ ]
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10 15

X =50 mm

5.5 5.6

X =50 mm

5.5

08 Mmm 15 mMm

20mm
[ M 90 50 30 15 8 Omm
5.4
X =0 mm 0.1nm's
GlLO Gl15 X =90 mm GlLO Gl5
0.95Mm s
X = 90 mm
50mm
5.6 30mm 90mMm
1) 6)
5.2
X 30mMmm 50 mMmm 90 nm
[kV]
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Fig. 5.5 Voltage versus wind velocity

(Case 1 positive discharge)
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Fig. 5.6 Voltage versus wind velocity
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5.2

Table 5.2 Maximum applied voltage.

[mm] Positive [kV] Negative [kV]

G10 G15 G20 G10 G15 G20
0

A group 8 9.3 13.3 16.3 10.3 13.3 16.8
15
30

B group 50 10.3 14.1 16.3 11.3 16.0 17.8
90

Remark ; The numbers with an under bar showed the range of decreasing velocity.

5.3
Table 5.3 Quantity N of spike plates.
G10 G15 G20
Earth plate (N+1)
Spike plate (N)
5.7
5.8 5.9 50 mm
5.9
5.8
&0 Gl5 @Glo
5.3
Type 1
5.3

Edge Spikes; X=50mm

Applied Absolute Voltage [kV]

Fig. 5.7 Voltage versus current (Case 1)

5.2

121 mm
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&0

5.9

Edge Spikes; X=50mm ; Positive Edge Spikes; X=50mm ; Negative

_ 10
g 206
g §o.4 G
£ £o02
00
0 1 2 3 4 0 10 20 30 40
Power Consumption [W] Power Consumption [W]
5.8 5.9
Fig.5.8 Power consumption vs. wind velocity Fig.5.9 Power consumption vs. wind velocity
(Case 1 positive) (Case 1 negative)
5.3.2 5.2
5.2
= 50 mMm
5.10
5.11 5.12
5.13
11kV
5.14 5.15
5.2
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Medium Spikes ; X=50mm
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502 ---X-- -G15
£ 01 —=— -G10
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5.10 5.11

Fig. 5.10 Voltage versus wind velocity (Case 2) Fig. 5.11 Additional test equipment
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Fig. 5.12 Test condition for Case 1 Fig. 5.13 Test condition for Case 2
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Fig. 5.14 Current distribution of Case 1 Fig. 5.15 Current distribution of Case 2
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Edge and Medium Spikes ; X=40mm

Wind Velocity [m/s]

15
Applied Absolute Voltage [kV]

5.16

Fig. 5.16 Voltage versus wind velocity (Case 3)
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Fig. 5.17 Voltage versus wind velocity (Case 4)
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