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Electromagnetic Stirring of Liquid Metal by Simultaneous Imposition of Rotating and Traveling Magnetic Fields

Shoji TANIGUCHI, Kazuyuki UENO, Shin-ichi SHIMAZAKI, Mitsuhiro OKUBO, Tsutomu ANDO and Hirofumi KASAHARA

Synopsis : In order to realize a higher performance of metal materials, further progress in the technology of electromagnetic stirring of liquid metal is

needed, because traditional electromagnetic stirrers using rotating magnetic field (RMF) and traveling magnetic field (TMF) have several un-

desirable characters like severe surface deformation and weak mixing in RMF; violent surface fluctuation in TMF. In the present study, a new

electromagnetic stirrer, a double axis electromagnetic stirrer (DAEMS), composed of RMF and TMF is proposed and its performance is in-

vestigated using liquid gallium. There are two modes of DAEMS, one is upward imposition of TMF and the other is downward. The former

is found to give a much stronger turbulent mixing than RMF under same rotational speed, which seems advantageous to disperse CaO parti-

cles into liquid iron in the desulfurization process. The latter is found to achieve a flat and calm free surface under a rotational motion with

stronger turbulent mixing than RMF. This character is thought to be advantageous to extend widely the limit of stirring due to deformation

and fluctuation of free surface.

Key words: electromagnetic stirring; rotating magnetic field; traveling magnetic field; double axis electromagnetic stirring; liquid metal; clean steel; fluid

flow.
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Fig. 1. Rotating twisted magnetic field applied to magnetic
pump for molten metal.

Fig. 2. Helical coil to generate a rotating twisted magnetic
field.
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Fig. 3. Experimental apparatus used for liquid metal stir-
ring.
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Fig. 4. Free surface shapes of liquid Ga stirred in a rotating twisted magnetic field with upward and downward directions.

MEA U, 750 4 LS Z I3RS 4 3308 L
THAnEKa L, BEFEO A LDORBE[HA,
2T, HAHIA L EFRDASFITHEN TV -9, &
KGaHITRET AR S 45 ITENTHREI LTV 3137
Thbd, ZOL XWkGald, WMAOHENIZIERE L CEg
FASEDLHARIZHENSZ EDEEZSNS, T/, 446
DI|FET AN TR, BEIVBAEFOAIZERLERT 57
DIZ, BOLNIZEK>TEY EA AR OWHEKRGar T
HZEOWMNK A5 X TFF5LE 310, KR TREELTE
C2HDED ERRD, EBADEKESAML F, BREL
THERAPHHISGE S dDEEZONS,

FER TR Ga DRI # BRIESHEIZ & - THlE
L7, B#Hiza v 257 V8T, Zhé b TEREsEE -
DI TRET &8, 10 CE@ENEE X h 7278 4 ke &
U7z Fig. 41242 4 LDFAHIZ DT, EHIMBEROR
WBA S0Hz & 400Hz D Z N FND[AIZE & h - ki
Rz, BAROBHOmME R LA E & FEZDBREIZONT
ARz, HED, WThORBRERIB T8 KEIZHLT
KELEATED, WARAOKBOE X IZ & 2 HEKDZE
HiIZFBOohkahr o7, BE, ThLDBADEERDE L
6 (ZQuyom)'?, uIFBEXEOBEWE, cl3EEBER, ol3f
BB %), 50Hz T 36.3mm, 400Hz T3 128mm T &
5,

IORREROBEHAIZE>THOAEEDEEL R
%, BaOBRIZMEIZR L, BEMED TR E 08D L
FmEBMEAICTFHB LA THET 5, & 5I120H & KR
THHROTAIZBUICAEEZE L KT IEE S kv, —F,
BIEAFAICEHRADOBEIZEZTERC TP x <,
RIlAEEEI R LS VI —F - HFEELE L, 20
728, MEFIIMEARAASEOHFEIZEE L TWTE,
HOFAUIFER T, BRIV EBEL 2D EEL R
%,

PlE&D, Mgt ChBERIZ & 28BS0 TEIE b
DIZIIBREL BT &V h o 72,

10

Crucible

Regulator-1

Liquid Ga

el Regulator-2

Fig. 5. Schematic of hybrid electromagnetic stirrer.
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Fig. 6. Two modes of DAEMS: downward TMF for flat
and quiet free surface; upward TMF for deformed
and violent free surface.
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Fig. 9. Free surface profiles of liquid gallium for various

stirring conditions.
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Table 1. Flow characteristics of various stirring modes.

Free surface
Mode - Rotation Turbulence
Shape Fluctuation
RMF Concave Weak Strong Weak
TMF Irregular Strong Strong
Up Concave Strong Strong
DAEMS
Down Flat Medium Medium Strong
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