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Magnetohydrodynamic Calculation Method for Electromagnetic Sensor

Shinpei FUINO, Shoji SATOU, Shoji TANIGUCHI, Takehiko ToH and Keisuke FUISAKI

Synopsis : A new type of magnetohydrodynamic calculation method is proposed to evaluate the electromagnetic sensing process, in which fluid dynam-

ics makes much influence on the electromagnetic field. First, multi-phase flow of molten steel and slag are momentarily performed in fluid

calculation in the proposed method. Second, conditions of multi-phase flow are momentarily performed in electromagnetic calculation. Last,

secondary voltages are momentarily calculated. It is able to observe internal state of multi-phase flow of molten steel and slag by fluid calcu-

lation. It was able to understand the relation between slag detection process and sensor output by magnetohydrodynamic calculation.
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Molten steel
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Fig. 1. Slag detection sensor is put in nozzle under ladle.
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Fig. 2. Slag detection sensor is composed of primary coil
and secondary coil.
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Fig. 3. Magnetohydrodynamic calculation model for electromagnetic sensor.
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Fig. 4. Calculation model for fluid dynamics.
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Fig. 5. Calculation model for electromagnetic field.
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Table 1. Material property.

Air  [Molten Steel] Slag

Density [kg/m’] 1.225 7000 3000
Viscosity [Pa-s] 1.8x10° | 4.4x10° [ 4.4x107
Electric conductivity [S/m] 0 7.69x10° 0
. Air = 1.65 4.4x10"
Surface tension
[N/m] Molten steelfl 1.65 — —
Slag || 4.4x10" — —

Magnetic field lines L
Time ([s] Flow condition Variation index X
(real part)
0.0 0.000
0.74 0.000
1.6 0.000
3.0 0.001
4.5 0.135
6.0 0.467

Fig. 6. Time-series calculation results of flow condition and magnetic field lines (real part) and variation index X.
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Fig. 7. Dynamic behavior of variation index X of sec-
ondary voltage and radius of slag R.
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Fig. 8. Characteristic of variation index X when radius of
slag R is increased.
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