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Electromagnetic Migration Force Acting on Two Non-conducting Particles
in DC Electromagnetic Force Field

Yukihiro KUBOTA, Noboru YOsHIKAWA and Shoji TANIGUCHI

Synopsis : Interaction between two non-conducting particles in DC electromagnetic field was studied by numerical analysis. Experiments were conduct-

ed on the particle behavior using an electrolytic cell, and compared with the calculated resuits. In the calculation, distributions of electric

field, current, electromagnetic force and pressure field were obtained for the single particle case and for the three different configurations of

two particles, in which the cascading directions of two particles are parallel to the directions of electric current (case 1), magnetic field (case

2) and electromagnetic force (case 3). Exerting electromagnetic forces on the particles were calculated by integration of the pressure on the

surface area.

Interaction forces between the two particles were shown to be absent, namely, neither attractive nor repulsive in all the cases. However, the

magnitude of the electromagnetic forces exerting on the particles (G,) differed with the configuration of two particles. As the interparticle

distances decreased, G, of case 2 became less than that of single sphere, however, G, became lager in the case 1 and case 3. This tendency

agreed with the model experiments, qualitatively.
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Fig. 1. (a) Schematic illustration of the analyzed region in-
cluding two particles. (b) Mesh geometries adopted
for calculation.
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Fig. 2. Arrangements of two particles.

R4 R TR L7z, BROERISH L, MHTHET S
IO LR A SIEREIZE 5T LI2&D, HOVENE
WTEBZLAERL -, ERAEKROEFRIL, SORME
ICk o TEDBELGE XN, B oEDZELA 1x107° L
FEWSYREMFD S L isfhrhiz, '

BV R B 0T B IR 2 R AR H Y 5 RGBT

CuSO, —aqueous
Magnet
solution a8 /

Copper
electrode

1
Nylon sphere
—O—r

Fig. 3. Schematic illustration of experimentalap paratus,
showing an electric cell containing two spherical
particles, with simultaneous application of DC
magnetic field and DC current.

3-2-2 RiyRIMEE AR D@

KB IZBOTESAEBMICEL TZOMEIZST S
LAl (grad) & L ZENIZ K DAL, WK j=-0Ve
(R(4) ZRD 7=, BohBRA Pzl K(7)
ThE o TRUE AR & ¢, BRI A KD, FECET
BN PARSOEEROY-L, #FH LK, &
Ao ok L CEMDBE RO FETR(9)E R
. TORER, RUBEIZBTSENp (27T —8) OF
Hi%BsZ LN TES, BRICEATZEE L, BROEE
T BBy PLIZZORGNEIZE T AENp
(ZH5—) {lErFrs P LBEELTERLAL, K@
HAERET LR DOPBRIAE NI TH 5,

4. RBGE

4.1 EBRBESSUVHER

bk H D X AEBERSSIZHT 5 2Bk EERIC
B4 2 3 SR ARIETAHMTRO &S BEREIT -
7. EEBRZFig 31RT & 512, IBRBER T & EREE
WICEOE L, WEICERERAE M T L L SIS EA
5 RERAFIM L 722, AERIZHOLOIRERERTOH
HEsElz & 5 T X Ok h & L& O@E@E & 2H0
Abh¥ CEBKE A KkD 7, ZO, 2RTARIZE
FUBEICBWTHDAbES Z L3R TH DL I L, 7
IR FOBEEE A MEICSbE AV E 2R T & RIFRFIZERIE
XuBZLANETH LI EEOME,S, FREIZ2NT
AIE L CERET -7, FRTIE2HRT (Bafk) 2
< BRLKEI A LL T O FEIC KD RD 7=,

BB & 512, M S Rk B RS & LN
F3 LRIz —L Y Y HAMERL, ZhickDIREE
PR FIZIZ O ED XS BRIAEI N AEL 5.

3

rd ‘
F[,:—GC(JXB) 6P ......................................... (12)

z:cguﬁ%ﬁ@f&écﬁgmmﬁﬁﬁm%mu,
ZHED ERRKNEVHKE p, OIFEIK T2 AN L
X CRAT BRI T OIS L EBRIAE N EAHIDE 5

115 I




I 116

$%& 48 Tetsuto-Hagané Vol. 87 (2001) No. 3

Table 1. Experimental Conditions.

particle size 3x10°m

cell size 0 0.02x0.03x0.04m
difference of density between : 15.9 kg/m*
partciles and electrolyte
composition of electrolyte  : 7wtCuSO,-6wt%H,SO,
0.9wt%gelatin
magentic field : 0.5T
electric current <02A
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Table 2. Calculated electromagnetic forces exerting on
particles (Al/2a=0.1).
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Fig. 10. Relationship between particle distance (Al/2a, a:
diameter of particle) and G..
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Fig. 11. Schematic illustration of the relationship between
G, values and the configurations of two particles
and cylinders having an infinite length.
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Fig. 12. Schematic illustration of electric current direc-
tions around cylinders having an infinite length
for three cases.
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