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Fig. 1 Experimental setup
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Fig. 2 Electric potential distribution obtained by numerical method

. 1500

= (a) x=0 mm

21000

8=

3 E 500

=2

o = -

g, 0

.E M _500 —

E -1000 : !

0 5 10 15
Position, y [mm]

. 1500

) (b) x=2.12 mm

£ 1000 [

sE

ZsS 500 F

CR=

3 5 0

2

£ 500

o

=100 5 10 15

Position, y [mm]

Fig. 3 Profiles of electric field strength

n%ho +5 KV IZRE L7z, EEEMO 17 100 mm OALE %
n &AL (EEBERSM) & U, EA AR &M 2w L.
J:%B?E’f@i%ﬁ@%r“%%%ﬁﬁ%zi 0.05 mm |ZF%7E L7=.

Figure2 |2, T4 D 2 WOrEUEFI AR R 47T, LEER
OB TIXBMN ORI —TH 5, FTHEMOITEEE D=
EARE O KBS CILEMARIT—ETh > 7.

Figure 3 1%, $REFHMOE ﬁéﬁf‘&mi&d AR R AR LTS
HLOTHD. F (@) Ex=0IlhoBRBEDOT 17 7 AL
ThY, EEHEKEMILy=10-10.6mm (I(ET 5. EEBEMmO
I TIIRE R ARPEEBRPERINTEHY, FEHRO NI
+1500 kV/m, & @ EMNXEMORME B 28 L 7= BRI T
IZEDVIALOTRIZEE U, EHEMm 50 L LTINS
LEFHI R TH o7, [ (b) 1E, x=2.12mm OAEICKIT

BRBEDOT 0T 7 A NV ThHDH. FEEMHBOREE TR TITE
9§r“ ERERNICE L LT, EEEmA S L ETICHND &,
Fig.3(a) & [FARICEIT—RRICAR o 7.

AW TIX, FEEMm HIRGT AR OEBMRITICEH LTEH
v, ZOHEBROBENREIIAEFNOMEICEL ST —E (Ex =
463 kV/m) ThH 7=,



3. WEHMFITERT S NDEITE

31 BFBHNTDEFCEICHTHTEEDHTE

FER ) FAZ & » TR LI BERL 1, B Fd6 KUK
I Fy 220203 @8 5. RN AT 5 — Wi+ 0
B RRL T80 % n, —URLT OB RE m, BEHEKT OFHH
Ea v, Rz B, LMESZIECE DL, BERTOED
A IRAL 72 D

nmpdiszdfF +F, (-F —F,+F.20) M
dr “
=72 L
D3
m. =P )
LA

Z I T, DyIFRI AR, p 1 TR ETH D . T ADKMARE % u,
R T OIPIINR S E 1 £ &, RIT LA VAL Re, <
2 DA b= ATBNT, WREEH FdkKTEx b b.

Fy =37 pv,D,k, ©)
723, RIf-ASEBNT A EHURICEE LTV S 5E, BEURIRGR
B g \IHERCRL 72 n (THEAFT D (Lee and Leith, 1989).

1.00(n=1)

1.03(n=2) )
Ky =11.07(n=3)

1.10(n=4)

1.13(n=5)

EOMEEE ¢ LB &,
AR

BRI T IR 5 F ikt &

F,=nm,g ®)

TERI) F X, SNBSS NOZIT 57— )) Fo L BRI
Fim G, i LmE, BFITMESIHERNT 2. $72bb,

FC = FCX - F‘I (6)
=7
F, =ngq,E,, Q)

Z I T, EqFBAREE, ¢, T —RRLF OB TH 5. BRI T3
BAROEFHINES D & &, RERDILFHERE 6, HIEOFHER
% g, KAPNIBEREROBMRERE S OHMEL y L&, B
NEPEOFBEZEM T 2 L BEREGN FITRATRES.

ng, &1 ®)
16756, 3 vy,

=

BESRRL7- DSFFEMR (2 2 CIEFFEMER 78 2 480E) OEHIIE
THLE, FEEOHFEELEEL o, L BE, EROGDOE DML
A9 5% & FIFkETHRED (Weber, 1950).

120
(a) Particle — conductive plate

__ loor
Z s0F T Fa
w ogob
g Fy 7
S 40r Yo=Dy2 -7
S -7
S e S 24 W

0 —:t—-:::::_—t————":]:_::fi__

0 50 100 150 200
Specific charge, g, [LC/kg]
120
(b) Particle — dielectric plate

_100F
E S0 —  Fu
“osob
g SO £y
g 401 -p,2
S a0p AN

0 e [ b Y W

0 50 100 150 200

Specific charge, ¢q,, [nC/kg]
Fig. 4 Forces acting on particle (D, =100 um, p, = 2300 kg/m?, Eo,=

463 kV/m)
P (eamta) e 1 ©)
i 167¢,,¢, (grs+€rg) = y;,
Figure 4 (2, SMNIELNOZIT 57 —1 7] Fo L BREGT

F@ﬁmu%%%%ﬁ%@m%ﬁ (WA RH 720 OB gn D
B LORY. 22T, BREGNORENR BBEALT W
BELFO—RBLT 2R ELTEY (n=1), FliLy &7 A—
ZLLTERLE. BEOREDIC, RAHERTSES F, b
L7z, [ (a) T, R8s fiiciiE+ 2565288 L C
$9,Eq(8) MW CTERESRN FEHE L. FX (b) Ti,
LT BHBEIROLFIALET 2HE%EELTEY, Eq 9) %
AWTFZHHE L. FEROEFERICIT &=3 2. 2
DI, TI7 A=%D FTHE LI /@D HEFER & A
ETHY, KERIZBWChFE» DB N EETHZ L%
EZBLILOTHD. Fig 4 OFPFEMBENS, BRIIFHERE T
RT FOEIFREZ VD, 3,> 2D, T Fild Fo lZHEARTH4012/
SN ERDND.

RIEBR 1T HHFERL OBV TIL, SNESE» =T D
U=V Fo, BHEF, W F25EL, HEREOMKE
L CRL - O BRI A 3R D, Bl EH A T THREE Lokl Hui
¥p> 2D, DFRPHICEBNTT 4 v T 4 VT &FT, BT OHRERE
HEETS.

32 TR ENO#E

HELUEER R EoORmMN S 7 —a ) Fu lok» T
BT ORARME, TRSIENT 28N F, LB D FROA
TNZRT B HOEHTIRED. Tihabbh,

F =F,+F, (19

MENELT, 77 FAVT =R, GG, B84,
IR L BEER IR ENBEZLNDBD, K5 ;xTTZ))?/E.
KFIFEEICL <, BN ZHRINICHETE T 5 2 L 3#E L. f
ENOERHRAL LN TV DA (Matsuyama et al., 2008; Takeuchi,
2006; Matsusaka et al., 2015), A TIE, §3.1 \CFL L2 HiE TR+
WERAHT L, Egs.(5),(7) ZHWT F,Fu %R, Eq.(10) IZ
RALTHED F2HETET S,



4 RBBERELUEER
4L 1THTFOERELFE

Figure 5 (2, Ri+FJ8 ORI % Eifi ) SRS L7 # ki 2 R
7. FEHMEMICEEEZFMT S &, FX (@) 2T L9101, —K

BT 7 BB R R 7 2338 E L TRy LT e, SRR I3 nE
EMETHY, KAIFECHEL TV I L3N D. KiFIET
HEMA~DOBELEDOHINC L > THE L 2O T, KiFEOREE T
HEM L OM ORI A2 L CEMABE L2 &85, —&
BRI D& 1113, %@*#’F@@b\ FoTHMRHY, 5&

FIO/NSWREFIPBIAICREE T2 b LB b 5. [ (b) |
Y& DI, T%EJZ*M%%U% 20 %ﬁﬁzé%%%h?#ﬁfﬁkéhf{?

BTsZtbbolc. —IRKITOWmEENERI/NSL, +497%
SEENBR LN NGE TS, mER FASRICEEL Ty —n
CIOMFIINKEL 2D L, FHHTTREL B R HLD N, MRk
FHOEEME & I TR MO HAENHRELRDLDT, #
B bR bhoTz.
Figure 6 (&, %5 L7201 OAERORL 735 % B R R 0 AR F(n)

TARY. BEARDKE I 400 ThDH. RIBRFMTIE, —KKT
ELTHET 2 Z ERE L, MR F B N3 5 1% EAFTEME
XD LIy, R ORI o¥EIRET 50T, &
BLFHEEE, bR, RS, SRS, R rORERMR L

DOHRTORELZTHHbD L Bbils.

Fig. 5 Snapshots: (a) levitation of primary particles and chain
agglomerates and (b) formation of large agglomerates
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Fig. 6 Number of primary particles in levitating agglomerate
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Fig. 10 Particle position as a function of elapsed time with a
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Fig. 12 Relationship between specific charge and the number
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Nomenclature

D, = Particle diameter [m]
E. = External electric field strength in y-axis direction [V/m]
F, = Adhesion force [N]
Fy = Drag force [N]
F. = Electrostatic force [N]
Fo = Coulomb force in external electric field [N]
Fy = Gravitational force [N]
F; = Image force [N]
F(n) = Discrete cumulative distribution [-]
g = Gravitational acceleration [m/s?]
h = Thickness of particle layer [m]
m, = Mass of primary particle [kg]
n = Number of primary particles in levitating agglomerate []
gm = Specific charge (charge to mass ratio) [C/kg]
v = Charge of primary particle [C]
t = Time [sec]
Vo = Particle velocity [m/s]

= Horizontal coordinate [m]
y = Vertical coordinate [m]
Vp = Particle position in y-axis direction [m]
£ = Vacuum permittivity [F/m]
Erg = Relative permittivity of gas [-]
Ers = Relative permittivity of solid [-]
Kd = Resistance shape factor [-]
i = Viscosity of gas [Pa-s]

Pp = Particle density [kg/m’]
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Applying an external electric field enables electrostatically charged particles to move without any external mechanical forces. As a result,

electrostatic-based techniques have attracted considerable attention in the field of particle handling. In this experiment, a plate electrode and a mesh

electrode were used for lower and upper electrodes, respectively. Dielectric particles (glass beads with particle diameters of 100 um) were piled on the

lower electrode. A voltage of +5 kV was applied to the lower electrode, and the upper electrode was grounded, producing an electric field directed

upwards. Owing to induction charging, the electric charge polarity of the particle layer is identical to that of the lower electrode, leading to particles in

the upper layer being levitated by the Coulomb forces. The observation of both the particle behavior and the levitation process using a high-speed

microscope camera showed that agglomerates as well as individual particles were levitated. The dielectric particles were polarized in the electric field,

the electrostatic interaction between which leads to the formation of chain agglomerates. When the specific charge of the particles was small, the

resulting Coulomb force was small, and the agglomerate did not levitate. However, when the magnitude of the total Coulomb force of the primary

particles consisting the agglomerate exceeded the interparticle and gravitational forces, the agglomerate levitated. Estimating particle charge based on

both electric field analysis and particle trajectory analysis showed that the specific charge of the agglomerate decreases and the interparticle force

increases with an increase in the number of primary particles in the agglomerate.



