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Numerical Study of Oscillating Melt Flows and Its Solute Transport Driven by Electromagnetic Force around Dendrite

Kazuyuki UeNo, Yukinobu NATSUME, Shin-ichi SuiMasAK1, Kazuhiko Twat and Kenichi OHsasa

Synopsis : Numerical simulations of oscillating flows of molten metal were carried out. These flows were driven by electromagnetic force under imposi-

tion of static magnetic field and alternating electric field. Solute transport around a dendrite was calculated simultaneously with the flow field.

Results of simulations clarify effects of the electromagnetic oscillating flows on the solute transport when solute condensation occurs in liquid

phase around the dendrite. Boundary layer of the oscillating flow is similar to Stokes layer. In the vicinity of the tip of the primary arm (or the

tertiary arm), a vortex is generated from this shear layer every half period. These vortices blow up the solute and hence solute transport is en-

hanced. Simulation results of various conditions suggests the optimum Womersley number exists while the primary-arm Reynolds number is

required to be much greater than one. Five times enhancement of solute transport is obtained in a typical case where Womersley number is 8.6

and the primary-arm Reynolds number is 14.
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Fig. 1. Computation domain. (Online version in color.)
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Table 1. Physical properties and constants in Eq. (2).

Liquid density p [kg/m?®] 7% 10°
Viscosity 7 [Pa‘s] 6 %1073
Diffusion coefficient of solute D [m?/s] 2x10%
Electric conductivity of liquid o, [S/m] 7.0 x 10°
Electric conductivity of solid o, [S/m] 8.4 x 10°
Partition coefficient £, 0.17
Mass fraction of the solute in bulk region C, 45%x107
Representative crystal growth rate U, [m/s] 1 %1073
Power ¢ of the growth rate Eq. (2) 1
Constant y in Eq. (2) 1.6
Constant M,, [kg/(m?s)] in Egs. (6)-(8) 2 x10°
Magnetic flux density By, [T] 1
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Table 3. Methods and parameters of the computation.

Discretization Finite volume method

Cell arrangement Staggered

Body shape description Cartesian cut cell method

Time marching of Egs. (6)-(8) Fractional step method

Convection term of Egs. (6)-(8) MAC type interpolation

Viscous term of Egs. (6)-(8) 2" order central difference

Advection term of Eq. (9) MUSCL

Diftusion terms of Eq. (9) 2" order central difference

100 x 100 x 200

Size of computation domain (100 x 100 x 400 in Case 3

[pm] 10 x 10 x 40 in Case 5)
. 42 x 42 x 84
Cell number of the computation (42 x 42 x 168 in Case 3 and 5)
1x10°

Time increment A# [s] (2.5 % 107 in Case 4, 5 x 10" in Case 5)
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Fig. 2. Electromagnetic oscillating flow on a flat plate at the
same conditions as Case 1; Symbols: numerical solution,
Lines: analytical solution in Ref.10.

Table 2. Conditions of the numerical simulations.

Ay [um] f[Hz] Ey, [V/m] U, [m/s] N, Re, Wo, Pe,
Case 0 (without flow) 100 - 0 0 - - 4.2
Case 1 (typical) 100 2000 15 0.12 0.008 14 8.6 4.2
Case 2 (low voltage) 100 2000 1.5 0.012 0.008 1.4 8.6 42
Case 3 (low frequency) 100 50 0.375 0.12 0.32 14 14 4.2
Case 4 (high frequency) 100 8000 60 0.12 0.002 14 17.2 4.2
Case 5 (fine arm) 10 2000 15 0.12 0.008 1.4 0.86 0.42
Case 0f (fine arm without flow) 10 - 0 0 - - 0.42
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Fig. 3. Solute mass fraction in Case 0 (without flow) at £ = 0.04049 s.
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Fig. 4. Solute mass fraction and velocity in Case 1 (typical) at £ = 0.04049 s (phase 497/25).
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