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Abstract The characteristics of flows, temperatures, and concentrations of oxygen are numerical-
ly studied in the Czochralski furnace with a uniform axial magnetic field. Important governing factors
to the flow fields include buoyancy, thermocapillarity, centrifugal force, magnetic force, diffusion and
segregation coefficients of the oxygen, evaporation coefficient in the form of SiO, and ablation rate of
crucible wall. With an assumption that the flow fields have reached the steady state, which means
that two velocity components in the meridional plane and circumferential velocity, temperature, elec-
tric current intensity become non-transient, then unsteady concentration fleld of oxygen has been an-

alyzed with an initially uniform oxygen concentration. Oxygen transports due to convection and diffu-
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sion in the Czochralski flow field and oxygen flux through the growing crystal surface has been

investgated.
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Table 1

Numerical values in the formulation

Aol gk Abie) A A4 Ao 218

Crucible radius R =0.095m
Crystal radius R¢ = 0.038 m
Crucible Depth L =009%m
Crucible angular velocity £2 = 157rad/s ( = 15 rev/min)
Crystal angular velocity 2c¢=-230 rad(s ( = 22 rev/min)
Magnetic permeability uy = 4xx107"H/m
Electric conductivity = 1.0 x 10*S/m
Density = 2330 kg/m"*
Volumetric expansion coefficient ¢ =141 x107°/K
Characteristic temperature difference AT= 100K
Kinematic viscosity v =30x107"m%s
Specific heat cr =10x10°J/%kg K
Thermal conductivity k =67 W/mK
Melting point Ts =1685K
Melt emissivity e =0.318
Pull rate of growing crystal P =2117%x10"m/s
Initial oxygen concentration ¢ = 759¢g/m’
Oxygen diffusion coefficient D =10x10"m%s
Oxygen segregation coefficient ks = 1.25
Oxygen evaporation coefficient Co = 3.36 x10 "m/s
Ablation rate A =15x10"kg/m’s
Table 2
Nondimensional parameters
B=01T B=02T
Reynolds number Re 4,72 x 10*
Prandtl number Pr 1.04 x 10
Prandtl number (mass transfer) Pr,, 3.0 x 10" for oxygen
(—gg\)z 591 x 10*
Interaction parameter N 2.73 1.09 x 10!
Hartman number M 3.59 x 10? 7.19 x 10°
Centrifugal pumping parameter 2 2.33 x 107" 583 x 107
Buoyancy parameter g 2.16 x 107 540 x 10
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Fig. 2. Oxygen concentration fields at 5 seconds after the starting of the growth.
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Fig. 3. Oxygen concentration fields at 50 seconds after the starting of the growth.
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Fig. 4. Oxygen concentration fields at 200 seconds after the starting of the growth.
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Fig. 6. Oxygen deposition rates at the growing surface.
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