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Estimation Method of Collection Coefficient for Dusts
by a Charged Water Droplet
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It is highly difficult to simulate the processes of dust collection by a charged water droplet,
if the dust particle has an arbitrary shape, because the effective diameter of dust particle
concerning its motion around the droplet is usually unknown ; consequently the estimation of
the amount of dust captured on the droplet has not been conducted for the dust particle with
an arbitrary shape. In this paper, we proposed a simulation method for processes of dust
particle collection by a charged water droplet taking into account the distribution of particle
size and the neutralization of charge on the water droplet by the capture of dust particles.
The effective mean-diameter of dust particles to calculate the collection coefficient was estimated
through the comparison of the neutralized charges obtained by the measurement i sifx or in
laboratory and by the proposed simulation method in which spherical dust particle was assumed.
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Fig. 1 Estimation method of effective mean-
diameter of dust particles.
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: coordinate systems

¢ Vimiting trajectory of dust particle colliding
with water droplet

w : charged water droplet
P : dust particle
D : diameter of water droplet

DP : diameter of dust particle

Qw : charge on water droplet

QP : charge on dust particle

y,, : initial value of y for the limiting trajectory

00
v, : relative velocity of dust particle to water droplet

X 2 fRFhCfEi LR S
Fig. 2 Coordinate systems and symbols for
calculation.
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Fig. 4 Model for neutralization process of charge
on water droplet on the way of dust col-
lection.

X 4 KB PO F %k, ¥ a5 dfies
LT 7 ZRDBFAED 7o —F 4 — &R, WE
HEAKEOWHEEN Y Qw &T5 E, 4.1 I GPUISaN
ToEER L DB E S A PRT OB RBEE 2 D Yo
(=30) 52 Bh, R XL VEL1AF Y FTOKE
D & A PRFRBEMRE 7 A

1= Y0012/ Rw? (22)
EUCRE 5. & 0 KW EESEM Y 1R 5 v 7 4
(=0 d)FEATTHHE DO Qwo DELE IR T2 - , =D
KT E S h D £ A P RTFH Npp: 358 (11) 2
LIEIhT
Nppy=nRw*9,4lnp (23)
L. ZIC, ZOWMEFA MY BKBEERO R
B Om ELHE, REIK Qb 2R/LHZEILLD
Rd BT
QN1 =nRw?, dlnpQp ‘(24)
LB, TOZEPBRDAT vy S TOKEE L O BT
QWl bj:
Qw1= Qwo— N, ) (25)
Lind. COfEEAGTEA MRFOEARE TR




168 (40)

eqn
read

nP.QP,Rw.AL,n

n =20
% Yo
k -1

‘._______

calculation of
trajectory &
determination
of n;

'2
Npp« "aniM’nP
Oy = Mol
0y = QY
N

B 5 pfiaEELL g RO e —F v b
Fig. 5 Flow chart of calculation of » with neutrali-
zation of charge on water droplet.
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Fig. 6 Calculated limiting trajectories of spore of
Lycopodium clavatum (““Sekishoshi” in
Japanese) with various charges.

VL, BRE IR WA D D FA R L LTH T
A —% (GBO986-R1) % LOHEMT%, &bIARHA
kA D B & A T & LCRERA & 4 11178 (J18
7 8901) #fAu fe. Tods, ATDFETH D HEO SR
P2 SO ST T B ERAEY R 2ETH 5. K
ds X 08 Ze GRS 1% Ry=2.65X107"m, Qu=
—3.95%x 10711 C, vy=2.0m/s, vp=—1.26m/s, vo(=
ve—uvp) =3.26 m/s i,

5.1 AWMFOBE

FRATOEE, po CXEDEEER AV, Dp IR
T OREIIEEC L Rio T B T &2 B RATFHERE
BT, op=477x10°kg/m? Dp=3.2Xx10"°m &
Lic. % S22 o SRy Wp=1.45x 107 kg/m?,
BT BRI Y —3.5X10°<Mp<2.0x107°C/kg
LThL, 5D pp, Dp L b np, Qp DEEINT,
np="1.77x 107 fii/m?, —2.86%1074<Qp<1. 64X 107H
C Linn. chbOExRAGTE 4.1 BTRLUCHER
BEA L CRD AR T OMERBERE O /e 222 D
Qp OEPKIEER &Y OBE, Crolf, il
MO BE O S EM Y TR ERR L T @ 23K 6 H1oD iR
a~c THY, FOX5ERABED o HHORA0%
BB LK OB TR T 2 MERE 7 2 &
OB L LTRLEDYRTTH 5. MEHD a,b O
Pl B 7 X 0 B Ba e X DI, RIATRIKIHE
OB B Lz 2 X B 7 D LR @=0 D
B Wil A &, AR ELHOT T 1.4 b E
pREL IR\




RN £ 5 42 r ERBOREEE (R - 58 - 7

0.5 |-

R 2.65x107% [m]

9,-3.95x107 [c]

Vo= 3.25 [m/s]

D, 3.2x107°  [m]

pp= 4.77x10%  [kg/m’]
| | | | | | | |

22,5 2.0 -1.5 -1.0 -0.5 0 05 1.0 1.5

collection coefficient, n

charge on dust particle, Q, (x1074) c)

7 9-Qo 45t (FRTOHE)
Fig. 7 » versus Qp for spore of Lycopodium
clavatum.
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Fig. 8 Calculated limiting trajectories of compo-
nent particles in glass bead with M,=2.0
x10~4 C/kg.
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Fig. 9 7 versus My for glass bead (Egs. (20) and
(21)) and component particles in glass bead.
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Fig. 10 Charge on water droplet after particle
collection in the precipitator versus Mp
as a parameter of effective mean-diameter
of dust for industrial testing No. 11.
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a: Q= 2.0x107° [¢]
=-3.95x107 [C]

b1 Q=0 Icl
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Fig. 11 Calculated limiting trajectories of particle
of dust for industrial testing No. 11 with
effective mean-diameter of 4x107m and
various charges.
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Fig. 12 Calculated limiting trajectories of particle

of dust for industrial testing No. 11 with

effective mean-diameter of 4Xx 1076 m under

various

droplet.
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Fig. 13 Calculated cleanable territories of charged
water droplet falling in dusty space con-
taining dust for industrial testing No. 11
with effective mean-diameter of 4X10~¢m
and various charges.
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A : without neutralization
B : with neutralization
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Fig. 14 75 versus Qp with and without neutraliza-
tion of charge on water droplet for dust
for industrial testing No. 11 with effective
mean-diameter of 4X10-6 m.

SO T CRAMER O pREE T2 BEDOI T &
Wb %,

6. & ¥ U

AT, — IR A A PR R R KRl
£ BEL MBI L, AR LEC X XA PRITHRER
BawET 5 BT, SEROBE L A T L BRBHE
K & o B D TR

(1) #AMETFORBESA

(@) KEEOBEO X A MR THEC X 5 HH
Do MR LT £ A PR THERBROY I av—rs
VR L. i, ThEyBAWTRER LA PRT
DARFED % do DI B EEC BT % R TPHEEL R
BT, K LB FA PR TFREREE KD 5Tk E 1R
BILLLLE, = ZOBACOVWTOY I aV—¥
2 VIERER L. ©C TRELULHECHEICHERT
— &, WER LB RRE ILEHC L o T b
BHDTHD, BAENY I av—va VL > THRDZ
ERB Bh kT o T




172 (44)

(1) 3 7mvd—Z0RNTOXITREINEL D
EEATEE X B HEESE LD TEM LS.
(2) 4EEEZERIC 3\ B 4 A MEAIC X A BB LK
E\BE, A A MR X %K Lo ER O ks
ERIIC R XIETHEI RS . 0 X Ykt

G £ A VT ORATE LT W

Bk, BESL SHRR VIRV B — 8
70 BON BRI 1 S hde Ak BB s R AR T
ot LET. Fh, APIGEE, SCRARETIRBRE
BlIS BT (KAREE ; DroeiisRs « ARMEN—&ED)
L ENRASFEN OB L ot L RFL, B
DEXELET.

D
2)

3)
4)
5)
6)

7

WESREAE H6%E H35 (1982)

2 E x W

G.W. Penny : U.S. Patent No. 2357354 (1944)
H.F. Kraemer and H.F. Johnstone :Ind. Eng.
Chem., 47 (1955) 2426

K.A. Nielsen and J.C. Hill : Ind. Eng. Chem.,
Fundam., 15 (1976) 157

J.R. Melcher, K.S. Sachar and E.P. Warren:
Proc. IEEE., 65 (1977) 1659

BOBRH, EHEAR, FREWE, R W, ARIEN:
BELEAE, 6 (1982) HAEIH

BORER, EEHAE, RESIEA : THEEERSE) BRRHE
4 B89-R34 (1981) 77

AAW A TERS - BkhrRABmEE (1974




	名称未設定

