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Abstract—The effect of an externally imposed magnetic field on the fluid flow in a rectangular cavity are
studied numerically. The power-law weighted upwind method is used for the numerical solution of the vorticity
transport equation and the energy equation. And the successive over-relaxation method is applied to solve the
Poisson equation. It is found that the magnetic field perpendicular to the gravitation is more effective to delay
and suppress the natural convection than the magnetic field parallel to the gravitation. The higher the imposed
magnetic field is, the greater is the reduction in the absolute value of the velocity, and the less the convection
plays a role in the temperature distribution. The direction of the magnetic field does not give as much effect in
suppressing the natural convection as the magnetic field strength when it is stronger than (, 2 tesla.
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Table 1. Physical properties of silicon and

geometrical parameters.

Melt density (o) : 2.33g/cm?

. 0.233 cal/g-K

0. 125em?/sec

- 0.0000141/K
. 0.003 cm?/sec

¢ 0. 0000125/abohm. cm
Magnetic permeability (x,) : 1.0

1 1685°K

Hot wall temperature (T,) @ 1773°K

Width of the cavity (W) : 25.4cm (10 inch)
Height of the cavity (H) : 12cm

Heat capacity (c,)
Thermal diffusivity (o)
Volumetric expansion coefficient (8)
Kinematic viscosity (v)

Electrical conductivity (¢)

Cold wall temperature (T,)

Gr=gB8ATw?*/v*=2 328 x10" (14b)
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Fig.3. Streamlines with NO- MAG after 300sec.
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Fig. 4. Isothermal lines with Y-MAG of 0.1
tesla after 300sec.
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Fig.5. Streamlines with Y- MAG of 0.1tesla
after 300sec.
(A=-0.25, B=0, C=0. 25cm?*/sec)
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Fig. 6. Isothermal lines with X- MAG of 0.1
tesla after 300sec.
(A=1693, B=1705, C=1717, D=1729,
E=1741, F=1753, G=1765°K)
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Table 2. Comparison of the maximum velocity in the cases of NO-MAG, X-MAG and Y-MAG of

0.1 tesla with time.

{(a) Upgx (cm/sec)

(b) Vmez (cm/sec)

Time (sec) NO-MAG X-MAG Y-MAG Time (sec) NO-MAG X-MAG Y-MAG

50 1. 546 0.072 0. 157 50 2.046 0.075 0. 359
100 1. 855 0. 069 0.133 100 1. 827 0.051 0.418
150 1. 962 0. 065 0.130 150 1. 562 0.039 0. 456
200 1. 981 0. 056 0.133 200 1. 369 0.032 0. 465
250 1. 920 0.047 0. 128 250 1. 145 0.027 0.441
300 1. 665 0.039 0.127 300 0. 846 0.022 0. 441
350 1,517 0.032 0.125 350 1. 091 0.019 0. 441
400 1.754 0.026 0. 129 400 0.893 0.016 0. 442
450 1. 455 0.022 0.131 450 1.137 0.014 0. 442
500 1. 622 0.018 0.131 500 1. 309 0.012 0. 439
550 1. 411 0.016 0. 130 550 0.977 0.010 0. 432
600 - 0.013 0.128 600 - 0.009 0. 423
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Fig. 8. Isothermal lines with Y-MAG of 0.2
tesla after 300 sec.

(A=1693, B=1705, C=1717, D=1729,
E=1741, F=1753, G=1765"K)
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Fig. 9. Isothermal lines with X- MAG of 0.2
tesla after 300sec.

(A=1693, B=1705, C=1717, D=1729,
E=1741, F=1753, G=1765°K)
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NOMENCLATURE
B Magnetic field, tesla
B, Magnetic field strength, tesla
E Electrical field, volt/cm
[ z-directional unit vector
g Gravitational acceleration, cm /sec2
Gr Grashof number, g ATW?®/y?
H Height of the cavity, cm
J Manetic current density, Ampere/cm2
P Pressure, dyne/ cm?
Pr : Prandtl number, v/a
T : Temperature, °K
T,,T, : Temperature of upper wall and lower
wall, °K
t : time, see
u,v 1 x-directional and y-directional velocity,
cm/sec
A : Velocity vector, cm/sec
w :  Width of the cavity, cm
X,y . Cartesian coordinates, cm

Greek letters

a . Thermal diffusivity, cm?/sec
Volumetric expansion coefficient, /K

Me :  Magnetic permeability

v . Kinematic viscosity, cm? /sec

o . Density, g/cm?

4 . Electrical conductivity, /abohm.cm
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Stream function, cm2/sec
Vorticity, {sec
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