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Effect of Lorentz Force on Instability of the Interface between Two Liquid Layers

Toshiyuki Kozuka, Masanori KoiiMA and Masayasu KAWAHARA

Synopsis : Recently, in the field of refining reactors of steel making processes, new technologies for obtaining high process efficiency are strongly re-

quired. Upward Lorentz force due to stationary magnetic field and direct electric current can make rapid mixing between two liquid layers.

And it is expected as one of key technologies in developping innovative refining processes. In this process, Lorentz force appears only in the

lower liquid by the difference of electrical conductivity, and a part of the lower loquid scatters upward to disperse as small droplets into the

upper liquid. This scattering behavior of the lower liquid is important and dominant phenomena to explain the rapid mixing of two liquids.

From the results of experiments using mercury-silicone oil system, it is found that Kelvin—Helmholts instability on the interface causes the

first scattering, and successive scattering occur in terms of Rayleagh-Taylor instability. Scattering frequency increases with increasing elec-

tric current density. And it also increases the volume of the reservoir even if the lower liquid has suffered the same Lorentz force.

Key words: rapid refining; rapid mixing; electromagnetic processing of materials; Kelvin—Helmholts instability; Rayleagh-Taylor instability; Lorentz

force.
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Fig. 1. Schematic view of two liquid layers and the direc-
tions of electric current and magnetic field.
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Fig. 2. Schematic drawing of the mixing mechanism be-
tween metal and slag.

DHDINT Y AN SE Z L2k > T, Fig 2@IITRT &
SEWHARET S, u—L Yy Y HEMMIESZEICk
D, NEITELL Z0WEBREIIEEI N, X 5I22%M
OREORLREMIZLD , Fig. 20)IR T & 5 LREBSR
AET, WEBEIIREMIZIH LT 5, ZOREHRSITE
WEEZAE U, Fig 2(e)md & 512, 2 00WMEAMEEIZ 5
BT 5L nRENERTESZ LICk5, 2D00EMIC
RELHEFEEENHLDOT, HEHIREEZRF TSI Z L&
W& 2 Bh, ZOMEBAD XA ZLE T SDEEED

101

QIR EOREEMICRIET u — L v Y IORE

. ic poles
Magnctic pol is S mm
\

Silicone oil

//// \\
Magnetic poTe/s Copper electrode
(10mm o)

(a) Front view (b) Side view

Fig. 3. Schematic view of the reservoir used in the experi-
ments.
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Fig. 4. Total system of the experimental apparatus.
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Fig. 5. Typical transition change of electric current.

Table 1. Experimental conditions.

Width of the reservoir (mm) 18

Length of the reservoir(mm) 114 150 180
Mercury Height (mm) 5 10

Silicone Oil Height ~ (mm) 5 10 15

Electric Current (A) 80  (max)

Magnetic Flux Density (T) 016 030 046 0.60
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Fig. 6. Critical conditions for scattering of 5 mm height of
mercury into various height of silicone oil in the
case of 114 mm reservoir length.
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Fig. 7. Critical conditions for scattering of 5 mm height of
mercury into various height of silicone oil in the
case of 150 mm reservoir length.
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Fig. 8. Critical conditions for scattering of 5mm height of
mercury into various height of silicone oil in the
case of 200 mm reservoir length.
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Fig. 9. Effect of magnetic flux density on scattering fre-
quency, (5 mm Hg+5 mm Si oil).
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Fig. 10. Instability conditions of 5mm height of mercury
and various height of silicone oil.
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Fig. 11. Instability conditions of 10 mm height of mer-

cury and various height of silicone oil.
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Fig. 13. Schematic drawing of scattering phenomena.
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Fig. 14. Effect of reservoir height on scattering frequency,
(5 mm Hg+5 mm Si oil).
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