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ABSTRACT

A numerical analysis has been carried out on the Czochralski flow fields when uniform and
nonuniform magnetic fields are applied. Czochralski flow fields are governed by buoyancy forces,
thermocapillarity, centrifugal forces, and applied magneic fields. In this analysis, pressure and three
components of velocity vectors are obtained, and circumferential electrical currents are calculated.
When a uniform magnetic field is applied, all the velocity components are decreased and the
circumferential electric currents near the crystal surface are increased as the magnetic field intensity
is increased. In the case of a nonuniform field, the flows in a meridional plane are suppressed and the
circumferential velocity is increased as the nonuniformity is increased. The understanding on the

Czochralski flow fields under the influence of magnetic fields can lead to the study on the behavior of
the concentration of the solute and impurities.
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Table 1.
Crucible radius R = 0.095m
Crystal radius Re= 0. 038m
Crucible Depth L = 0.095m
Crucible angular velocity Q =1.57 rad/s ( = 15 rev/min)
Crystal angular velocity Qc= -2.30 rad/s ( = 22 rev/min)
Magnetic permeability uo= 4z x10-7 H/m
Electric conductivity o = 1.0x106 S/m
Density o = 2330 kg/m3
Volumetric expansion coefficient o = 1,41x10-5 /K
Characteristic temperature difference AT= 100K
Kinematic viscosity v = 3.0<10°7 m2/s
Specific heat cp = 1.0x103 J/kgK
Thermal conductivity k = 67 W/unK
Melting point Ts = 1685K
Melt emissivity e = 0,318
Table 2.
B=01T B=02T
Interaction parameter N 2.73 1.09x10!
Hartman number M 3.59x102 7.19x102
Centrifugal pumping parameter A 2.33x10-! 5.83x10-3
buoyancy parameter [ 2.16x10-2 5.40x10-3
< v g 247 JGEpdh T Ath B UFe HolAl @ AHE RE 2
Fig. 2l B=10.1, 02 Te HLol o3k Aol AfFEE(E AFaH) A YEdeE &
meridional planeo| A 2] #%& Rolu gl 2w o] wfFof thermocapillary flow7} WA
A7l A B=0.2 T 4= B=01 Tg 3 dwrdg o g §%5% A4 advl de
AR HEfFo] WS dAE] USS ¢ Aol A717E 4w o]#] g thermoca-
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Fig. 11. Distribution of circumferential electric
currents with a nonuniform magnetic

field [unit : ampere/(meter)*].
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