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Velocity Measurements of Small Dust Particles in High Electric
Field Using Laser Doppler Velocimeter
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In an electrostatic precipitator it is strongly desired to investigate the moving behaviour of
dust particles in the high electric field. Even though this investigation is very important for
designing the electrostatic precipitator, it has not been conducted so far mainly due to the lack
of a directly measuring method without disturbing the probing area. A laser Doppler veloci-
meter with high spatial resolution and high accuracy may be suitable for this purpose and has
been constructed here to measure the moving velocity of dust particles in a precipitator. As
an optical system, the differential type has been adopted. To achieve the high sampling rate,
the period-measuring system has been used for obtaining the velocity data from the laser
Doppler velocimeter. The moving velocity of small dust particles in a model electrostatic pre-
cipitator supplied by various high electrical voltages has been measured in detail by the laser
Doppler velocimeter constructed here. The experimental results show that the thickness of the
boundary layer near the collection electrodes in the precipitator decreases with the decrease of
a supplying voltage between the electrodes. Accurate measurements of the moving direction
of dust particles have been performed over a sectional plane of the precipitator. The present

experimental study may give the useful information for the collection efficiency and designing
the precipitator.
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Fig. 1 (a) Schematic diagram of two-beam inter-
ference with the angle 8, (b) photograph of
the interference pattern, and () intensity

distribution of the interference pattern (b)
with the interval 4.
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Fig. 2 (a) Schematic diagram of the interference

pattern with the interval d produced in the
probing area and the path (whose direction
is subtended with the angle ¢ with respect
to the axis x) of a small particle moving
with v, and (b) Doppler beat signal due to
the moving particle in the figure (a).
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Fig, 3 (8) Schematic diagram of Fig. 2 (a) under
which the Doppler beat signal has a fre-
quency f, (b) the interference pattern, ro-
tated with 45° from the situation of the
interference pattern (a), from which the
Doppler beat signal is produced with the
frequency fa, and (¢} the interference pat-
tern, rotated with —45° from that of the
interference pattern (8), from which the
Doppler beat signal is produced with the
frequency fz.
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Fig. 4 Model cell of an electrostatic precipitator with two plate electrodes
and a thin wire electrode placed between two plate electrodes.
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Fig. 5 Schematic diagram of an experimental apparatus together with
the analyzing system of Doppler beat signals.

(W7 2mW, 2=63284) %\, v—¥hbo¥ke —
Ak Késter 7V RARK L »C2ARKDWE — AT B
, LW SREARNTHEPEECV VAR T
EP A WORMBEMBEEX SR THRLES. =mE
RSP 2RO BT it - C 2Rk
— A DTEMETE L, THROMMELIT o M
ETAHZENTESL., 2D X3 LULTELR AT
2ARDIE — £ ORE R I ORXTEHOR—Fn D, LIY
LIz v IS AMDENSOREBZERDBB. £ T
WL TRBI, Tl TNV VRORINBFEYT 4
EEFAL, TOEGEAELRET S L1k - CHIE
RTBREBLC LN TED. T, BFEHOTEHR
AT A mo T X o CHEY 7705 7o
I, V¥R X Koster 7Y RavkTlhkE T8 —A
ATV y 2H, XV AR E R E LD, Th
o Fh b wEETE G L, A ROFEESY
BOAMECHEIT> L5k Tw5, EAROFE
R QUER) 2R 5K T2 boBEL, HE
THEE LIS L CERENRER oL bhs, o
BERGETRHBRIT R ES o0 v — A EET
WHRRWE S I TS BIENE YV R Abe TRE
Ehd. IHR, TOBEMEENCHER D REALT,
PIE L LIS OB 2 b O KR TS E It B
LORLTHhD. Fh, OBEMSIEBRHRCIRIEX

OIRPE BRI X o THEST 27200 v 7 2 2GR A
THY, DRICTFHBHER WEL 20T 55 TR
PO R A AR CRHE LR BIES TR 5 X5 L
Ths.

BITANES (FBEFER R8T st0e, Fh
b OBAEN A ZHT HHETREE» O, N
2b) TRENB LS RBPHO Py 75—~ 1 EREL
TR LBbhb., Chbo - MEEO MBI X
2C, E—rRER S ERDB LRI DY, o TE
FH LD AV EEMITAIESS OWEL RS, &
1o Fy 79 —e—MHAEBZ DWTELD (X
20). T TRDILVLDE, CoFEOHEBAS (B
K) OERTTHS. coTiEEIC) KRS h 5T
HfEd & (4) ROBHRTHETST Hh, Lo TTh
DRTRE 0 BIREE D, K 200 OPETHEEAE L
bOThY, EECRIEHOBSRE I b, Wb
QoH=av I A FDERNMEBERES LE LiEELR, L
Tl o CEDE F T T OFRRESHEC 7 %,

ORI BRT B, RETFHEEELLOF Yy
T~ HNEEE AN AT s LA RBLCES
R Eh s BRES E XFAZARS R BREL, ¥
68) DL 5 A-A MROBERHESRT S, X
SILTE BRI A=A MRy 75— €~ MMEEIT,
(B5) ATH 1 HB LU 2 HEbE L orHET




Vet By 7o RN L amERh oM T oSEEW I % =0 - e

_.11-*_

(a) A\ AN i

. (e

(o) e

B6 Fy7y—v—bESORBPEKDOR A AFy—1
Fig. 6 Time chart of the shaping circuit of a Dop-
pler beat signal.
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Fig. 7 (») Spatial distribution of velocity compo-
nents v; and vm of small moving particles
in the directions parallel and perpendicular
to the cell axis when the wire electrode
has a positive voltage, and (b) the deflection
angle of moving particles with respect to
the cell axis. (a:0V, b:8kV, 9uA, c:9
kV, 11pA, d:10kV, 13.5pA)
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