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Interfacial Motion between Nonconductive Fluid and Liquid Metal Caused
by a Quasi-sinusoidal Magnetic Field

Zhijian Su, Kazuhiko Iwal and Shigeo ASAI
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In many electromagnetic processings of molten metals, the interfacial motion between a molten metal and a slag plays an important role on
the productivity and the quality of products. However the behavior of its motion has not been precisely examined yet because of technical dif-
ficulties in the direct observation of it. Here, a new experimental method has been developed to observe the interfacial motion between a lig-
uid metal and a non-conductive transparent liquid. In the method, a laser slit beam which was rayed into the interface from the oblique upper
side is so projected on a screen as to show the shape of the interface, which is recorded by a high-speed video camera. The interfacial motion
caused by the imposition of a quasi-sinusoidal magnetic field is classified by use of the Shielding parameter R,, such that a periodical oscilla-
tion and an irregular motion dominate in the low frequency range (R, <<1) and the high frequency range (R,>>1), respectively and the peri-
odical oscillation and the irregular motion coexist around the frequency range of R,=1. It is noticed that the increase in viscosity of the lig-
uid imitating a slag acted to suppress the interfacial motion and the wave number appeared larger in the case with the liquid imitating a slag
than that in the case without it.

electromagnetic processing of materials; quasi-sinusoidal magnetic field; interfacial motion; liquid metal motion; surface wave motion; con-

tinuous casting; refining; steelmaking.
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Fig. 1. Experimental apparatus.

Table 1. Physical properties of fluids imitating a slag.

Silicone oil
Material Water
I o m
Density: p (kg/m®) 1000 935 968 971
Surface tension: ¥ (N/m) 0.072 %=0.02 =0.02 =0.02
Viscosity: 7 (Pa-s) 8Xx10* | =1X10?%| %1X10! =1
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Fig. 2. Projected free surface shapes of a liquid Gallium in
a cycle under the imposition of a magnetic field
with frequency of 10 Hz.

DYy vy RB—AE—FiZ21/1000s, 2% 0 HEE I 600
frame/s ThH 720 ZZ TRHWAEEZ 5 712 VWFh B
BATHBDT, RFELLBHE XNV - HIE3ImmDE
ADBHEA T I AG L THRIEA ) 2 4 L ORHE TS
ENB, f-T, 22—V EOBEKIZIZFREIR A
LHidhs, EBRLEML THAWEADORER % Fig. 1
DFEEESIZRLE, V—FORHEAEITHEICH L TH
208 20T, BEmmFEE O RO FIE T RZEENIHES G
MBOAELFANO TN 1 mmEE LR TX S5, —F,
B4 5 & 5 IS RRERE A S FONAED o TETS
50T, HENEOKT-HRAIZEEIZ K - THOME TR
BOEFHAEEGARYEITERTEIIEEHENHS,
EoT, POMHETOREIZREAE TOZ IR TK
XL ABZLETPREINAOT, T2 TRIREDEENFE
fliid 7T b,

3. ERBEREEE

Tk BER LICEEZ 5 7B HFEL LV, BlE
EAPOICE T 2EHIEHFEFLEREBBHORERAL 6=
Urouf)e DM 6B ENBZ Y — LT 4 ¥ 78T 4 —
AR (=2RY&=2moufRHIZ & > TEETE 5 L #HIW®
THRE L=, T4abb, BIEZRERS 2 RESEICEmY
3G ER—ORERB LU, TO2E0REREET
3 iRE) N L BFREIZEL L s WER A BREEBICERT 5,
Z LT, BMHRORBEEMEOHE (R, <)) 1213 & F—
OREIEROIRE 1AM L 20, HHRSRICIIEBN S
REIHAE U, BBORBEE»EVIBE (R,>1) IZIZHE
HENERE S 2 AHAESA»AE U 5, SRIOEBER SR
WO L ERRICIKRER RS, SRgER, W o H R EE
AL TUTIZHNRS, bk, SHOERRIZEVTL
R,=1& 75 BREIZ62Hz TH - 7=,



KRR (R, <<1) I2DW T I3 LR R IXREIE & R
—DEWEKTIRE L=, ZO—Hl UTHEEX I 7 HBHFEHE
LW T, 10Hz (R,=0.16) DH¥EIELEREIG 2 FIM L 7=
BEOREEEEARHEREDORE OB T % Fig. 2 ITm L7,
P TIRKE SIRIE, BRI/ X SIRIB CAS2EIC
B —DDHEHHBER I, KIZ, JEE 3mmDEE
7 7 e BARERE LEICE W IRADOREES £ Fig. 3 IR
Uiz, BEEX 7 7O/RMRK, YV FALLILIIE
BRI 3O THREEREZFEE o7,

SRS (R,>1) DB A, BEREORY—4MmISER
THAREBHEL, REERSEFEENL L=, 2Ol L
TEER 7 7R HEHELEVBADOKER% Fig. 4 IR L 72,
BERBEOBA LR LD, BHEXABROENIZAKRAT
Holz, £, TOENDEASWIZ1000Hz (R,=16) D&
EHAREAREL, ZOBRBBEHOFBR® &£ —HL T
7z, B2 5 7 % F1T1000Hz DREB ZEIM L 72354 D
REEIREIL % Fig. 5 ISR L7, ¥ED/hEnwyyavt
A1 OREHROZEIZKEED A XS ) TV 4 4 LTI
EROBAICHRTRED,

Wat
‘ ‘ n=8XIO_4Pa.s

Gallium

il I
-;allium

n=1x10"2Pa-s

z
. =
ﬁ e
Gallium
v
n=1Pa-s

ﬂ
Gallium
Fig. 3. Projected interface shapes between a liquid Galli-
um and each fluid with different viscosity under the

imposition of a magnetic field with frequency of
10Hz.
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Fig. 5. Effect of viscosity of fluids imitating a slag on inter-
facial motion under the imposition of a magnetic
field with frequency of 1000 Hz.
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Fig. 6. Projected free surface motion of a liquid Gallium
under the imposition of a magnetic field with fre-
quency of 200 Hz.
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Fig. 7. Effect of viscosity of fluids imitating a slag on interfacial motion under the imposition of a magnetic field with frequency

of 200 Hz.
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Fig. 9. Calculated and observed wave numbers with re-
spect to frequency.
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