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The authors have had an idea that the power consumption in electrostatic precipitators, ESPs, might be decreased drastically if
particles are touching to a conductive electrode in electric field, and are charged by induction charging. One reason is the fact
that, in a corona discharge, most of the energy of accelerated electrons near the discharge electrode is wasted by bombardment
to neutral molecules without ionization. To verify this idea, the authors have carried out an experiment using two-stage-
electrodes sets. The first set of electrodes is made of the flocking electrode covered with CF (Carbon Fiber). DC high
voltage was applied to the electrodes set. The voltage value was adjusted to be below the corona starting voltage. The second
set of electrodes made of flat plates works as a collector of charged particles. This is designated as “a two-stage ESP with
induction charging”. Varying the gas velocity inside the ESP, the collection efficiency of room-particles was measured. The
result showed that the ESP was able to collect particles without corona discharge. This study implies the possibility of ESPs

which can minimize the electrical power consumption.
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(a)Stainless-steel plate.
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Fig.2 Manufacture process of pole-plate with electrostatic-flocking.
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(d)Side view of flocked plate.
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Fig.3 Layout of electrode-plates with electrostatic flocking in the
charger.
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(b) Corona discharge with -7 kV applied.
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Fig.5 The aspect of corona discharge from electrode-plates with
electrostatic flocking.
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Table 1  Specification of test equipment.

Items Details
?;f;f£6j> W 121, H 140, L 200 mm (Inside)
Charger duct | Duct; W 121, H32, L 180 mm (Inside)
(#3) with slots for fixing electrode-plates
Collector duct | Duct ; W 121, H 90, L 300 mm (Inside)
(#5) with slots for fixing electrode-plates
MU1238A-11B (Oriental Motor Co., Ltd.)
Fan (#8) Quantity ; 2 (tandem coupled )
With a variable frequency controller
High voltage | MODEL-600F (Pulse Electric Engineering )
power supply |Max. output ; DC -15 kV , 30 mA

(#9) Stability 0.005%

High voltage | APH-10K5N (Maxelec Co.,Ltd.)
power supply | Max output voltage ; DC-10 kV
(#10) Max current ; 30mA  Ripple ; 0.02%

KC-01E (RION ), Light scattering method
Particle Range ; 0.3,0.5, 1, 2, 5 over um

counter Sampling volume for individual

(#11) measurement

; sample-mode of 283 mL (per 34 s)
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Table 2 The measured maximum and minimum concentration.
(By counted particle number in room atmosphere )

. . Counted number per 1 L (1 x10° m’)

Size of particle - - -
[ Mm] Max: concentration Mm.. concentration
(ratioto all [%]) (ratiotoall [%])
5.0 over 0(C 0%) 0o( 0%)
2.0t05.0 21 ( 0.1%) 2 (0.1%)
1.0t0 2.0 123 ( 0.5%) 39 (1.1%)
0.5t0 1.0 1,350 ( 5.6%) 382 ( 10.8%)
0310 0.5 22,518 ( 93.8%) 3,121 ( 88.1%)
All over 0.3 24,012 (100.0%) 3,544 (100.0%)

Wind velocity | Climomaster MODEL6531 ( Kanomax )
Meter (#12) |Mode:l s measuring & 10 times ave.

Voltage meter | Digital multi meter type73303

& Probe (Yokogawa )

(#13) Ratio;1/1000 (FLUKE ), For high voltage
Current meter | Type 201133 ( Yokogawa )

(#14) Range; 0.1, 0.3, 1, 3mA
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Table 3 The range of counted particle number. ( Charger 0 kV, Collector 0 kV )

. . Range of counted particle-number per 1 L (Range-ratio [ %] to the center value of range )
Size of particle [ um ] = - -

1" measurement 2" measurement 3" measurement
2.0t05.0 4-22 (*69.2) 3-11 (= 57.1) 1-7(£75.0)
1.0t0 2.0 86— 130 (= 20.4) 52-92 (+ 27.8) 39-68 (= 27.1)
0.5t 1.0 829 — 1,026 (* 10.6) 454 -582 (+ 12.4) 371428 (= 7.1)
0.3 t0 0.5 14,846 — 17,156 (+ 7.2) 3,987 4,155 (= 2.1) 3,121 3,654 (= 7.9)

All sizes over 0.3 15,846 — 18,216 (= 7.0) 4,548 —4,750 (£ 2.2) 3,544 — 4,139 (£ 7.7)
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Table 4 The range of counted particle number. ( Charger -2.4 kV, Collector 0 kV )
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Fig.9 Collection efficiency of
each diameter. (Charger:
-2.4 kV, Collector: 0 kV)

Size of particle [ pm ]

Range of counted particle-number per 1 L (Range-ratio [ %] to the center value of range )

st
1" measurement

d
2" measurement

rd
3" measurement

2.0t05.0 828 (+ 55.6) 5-22 (+ 63.0) 5-20 (+ 60.0)
1.0102.0 107 -173 (* 23.6) 4777 (£ 24.2) 62-97 (£ 22.0)
0.5t0 1.0 1,174 — 1,350 (£ 7.0) 597 -753 (= 11.6) 448 - 527 (+ 8.1)
0.3t00.5 21,559 -22,518 (£ 2.2) 12,245 13243 (+ 3.9) 3,830 4,056 (+ 2.9)

All sizes over 0.3

22,904 — 24,012 (£ 2.4)

12,986 — 13,969 (= 3.6)

4,408 — 4,647 (£ 2.6)
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Fig.10 Collection efficiency of
each diameter. (Charger:
0 kV, Collector: -9 kV)

Table 5 The range of counted particle number. (Charger 0 kV, Collector -9 kV )

Range of counted particle-number per 1 L ( Range-ratio [ %] to the center value of range )

Size of particle [ um ] -
1" measurement

nd

d
2" measurement 3" measurement

2.0t05.0 5-16 (£ 52.4) 7-23 (£ 53.3) 6—17 (£ 47.8)
1.0t02.0 53-78 (£ 19.1) 48 -77 (£ 23.2) 48 -77 (£ 23.2)
0.5t01.0 437-514 (= 8.1) 423-502 (= 8.5) 370 - 486 (% 13.6)
0.3 10 0.5 5383-5977 (£ 52) 5,053 -5,457 (* 3.8) 4,754 -5,176 (* 4.2)

All sizes over 0.3 5,897 - 6,560 (£ 5.3)

5,544 - 6,019 (+ 4.1)

5,193 - 5,699 (+ 4.6)
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Table 6 The range of counted particle number. (Charger -2.4 kV, Collector -9 kV )

Range of counted particle-number per 1 L (Range-ratio [ %] to the center value of range )

Size of particle [ pm ] "
1" measurement

nd rd
2" measurement 3" measurement

2.0t05.0 3-18 (= 71.4) 2-18 (+ 80.0) 5-19 (*+ 583)
1.0t02.0 90— 138 (* 21.1) 56 -91 (+ 23.8) 57-95 (+ 25.0)
0.5t0 1.0 988 — 1,158 (£ 7.9) 627 - 694 (= 5.1) 473 -544 (£ 7.0)
03100.5 19,745 -20,754 (£ 2.5) 12,857 13,318 (£ 1.8) 3,976 -4,208 (£ 2.8)

All sizes over 0.3

20,917 - 21,985 (£ 2.5)

13,613 - 14,070 (= 1.7)

4,591 —4,788 (* 2.1)
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