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Abstract The characteristics of flows, temperatures, concentrations of the boron are numerically
studied when uniform axial magnetic fields are applied in the Czochralski crucible. The governing
factors to the flow regimes are buoyancy. thermocapillarity, centrifugal forces, magnetic forces,
diffusion coefficient and segregation coefficient of the boron. Since the concentration of the boron is so
low that buoyancy effects are negligible, it cannot affect the flow and temperature fields. From the

fact that the flow fields are rotationally symmetric. two velocity components in the meridional plane
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and the circumferential velocity are calculated together with the temperature in the steady state.

Based on the known velocity and temperature distributions the unsteady concentration distributions of

the boron are calculated. As the strength of the magnetic is increased, the flow velocities are

decreased. Circumferential velocities are large near the crucible side- wall and in the region below the

rotating crystal. Steep temperature gradient near the edge of the rotating crystal causes the

Marangoni convection. It has been found out that the convection characteristics affects the unsteady

transport phenomena of the boron.
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Table 1

Numerical values in the formulation

Crucible radius
Crystal radius
crucible Depth
Crucible angular velocity
Crystal angular velocity

Magnetic permeability
Electric conductivity
Density

Volumetric expansion coefficient
Charactenistic temperature difference
Kinematic viscosity
Specific heat
Thermal conductivity
Melting point

Melt emissivity

Inital boron concentration
Pull rate of growing crystal
Boron diffusion coefficient

Boron segreation coefficient

R=0.095m
R.=0.038m
L=0.095m
£=157 rad/s (=15 rev/min)
f2c=—2.30 rad/s

{ =22 rev/min)
1t=47x10"7 H/m
0=1.0x10°* §/m
©0=2330 kg, m?
a=141x10"° /K
AT=100k
»=30x10"m, s
c,=1.0x10* J/kgK
k=67 W,/ mK
T, =1685k
£=0.318

¢=19.575 ng/cm’®
P=2.117x10"° m/s
D=3.0x10"*m¥/s

K.=0.38 |

Table 2

Nondimensional parameters

B=01T| B=02T

Reynolds number Re 4.72x10*
Prandt] number Pr 1.04 <107
Prandt] number{ mass transfer) Pr. 1.0x10!
Gr/(Re) 591 x10*
Interaction parameter N 273 1.09x 10"
Hartman number M 359 %10 719 10°
Centrifugal pumping parameter A 233x107! 583x107°
buoyancy parameter 3 {2.16x107" 540x107!
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Fig. 2. Velocity vectors in a meridional plane
with a uniform magnetic field [ — :0.04m/s].

pillarity 7} = Al vpebd ol
RGN bR kAR b

e el AAaHe TN
[o]

2

Fig. 3ol 3 AubeFe] SwAdde] vhehy
Qom HEAe i B=02T9 A+
o ¥ & £ PRI E woln, o]y crucible
o wwmeld HAYFEEe) Tk AA o
th odsfell A AAHEH ofeo] AUH-od el A
slAdubere] w7t aA el e o)
Trhuy Ao wE dAgE sl 2GR
Mg 53l transport® 7] wfFolm] oleigh
W& &5 9ldte] Fig 6o v M}

s} gro] AREW obele) A ETefA

o] -
AT



54 Czochralski @ 24 45 A A IS 93 22 agelef g A7 (Part 2)

r=0. 0452

r=0.0 L N —

r=0, 045a

r =0, 038z

il

r=0.0 "
2=0,0 2=0.095n

{b) B=02T

Fig. 3. Distribute of circumferential velocities
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Fig. 5. Boron concentration field at 50 seconds
after the starting of the growth.
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