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Flow of Liquid Metal in High Fregency Induction Furnace

Shoji TANIGUCHI and Atsushi KikucHr

Synopsis :

Flow of liquid metal in a high frequency induction furnace due to electromagnetic forces was studied
theoretically.

Electromagnetic forces were calculated by Lavers’ model of which applicability to laboratory-scale induc-
tion furnaces had been confirmed experimentally in the previous study. It was shown that the force and
velocity distribution under a constant geometric condition of the furnace were described by two dimensionless
parameters, Cy(=rpe (NI (L)% pv?) and r,[/0(=r (npecef)'/?), by considering the dimensionless equations
of electromagnetic field and flow field, where r, is the radius of melt, L the hight of coil, N the number of
turns in coil, I, the coil current, f the frequency, u, the magnetic permeability, o, the electrical conductivity,
p the density, and » the kinematic viscosity of melt.

Velocities of liquid metal were obtained by solving Navier—Stokes equation numerically under the con-
ditions of r,/6=1.03-22.5, C;=1.6 x 103—2.83 x 10°.
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Fig. 2. Distribution of electromagnetic forces (C;
=1.6x103%).
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Fig. 7. Flow patterns obtained for various values
of Cy (r,/6=22.5).
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Fig. 8. Velocity distributions of liquid metal (C
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Table Al. Studies on the electromagnetic field and the flow field.

Investigator Electromagnetic field Flow field Liquid ; ry/m f/Hz 71/ 3
Reichelt® 10 Numerical solutions Numerical solutions of NS* Liquid iron 8 15 lég ;g
. . 0.104 3Ix 108 11.7
Tarapore and Evans1® Numerical solutions :\Iuénelncixl so‘ljulilons of the Mercury 0.145 3x 103 16. 3
urbulent mode Liquid iron 0.61 60 7.9
. ) Liquid lead 72/11=1.2~1.65
Lavers and Biringerb® Analytical solutions Numerical solutions of NS** -1quid lead, L/ri=1.6~2.5 0.77~12
liquid tin -
z1/r1=1.25~1.88
A A rofr=2.7
This study Analytical solutions Numerical solutions of NS Liquid metal Liry=17 1.03~22.5
z/T1=3
* NS=Navier-Stokes equation.
** The inertia terms in NS were neglected.
Table A2. Predicted values of Pmax- ,
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r1/8 C Nmax R z Cconv+Cdiff max
1.6x 102 3.8x 107 0.05 3.0 Table A2 =72 Z, n/é —EDOHE
1.03 2 8% 10° 6.6 10- 0.55 3.0 € DFER AT L5K, n/6 —ROBE,
L 6x 10° 4.9x107 0.25 3.0 HAT DB G BREVTTD pmax HKE L I82TC
3.10 2.0% 108 8.0% 104 0.75 3.0 ; = ) 1 b oo
Wi, L L, AHoitELH T maxl &g
2.5 1.6x10° 1.4x10-8 0.93 2.9
- 6.4x10° 2.3x10-8 0. 95 3.0 Wh.
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