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Thermal and solutal buoyancy convection in vertical zone melting con�gurations

During the growth of crystals crystal defects were observed under some conditions of the growth device. As a result

of experiments a transition from the twodimensional ow regime of a crystal melt in axisymmetric zone melting

devices to an unsteady threedimensional behavior of the velocity and temperature �eld was found experimentally.

This behavior leads to striations as undesirable crystal defects.

To avoid such crystal defects it is importand to know the parameters, which guarantee a stable steady twodimensional

melt ow during the growth process.

For the investigation of this symmetry break a mathematical model including the thermal and solutal bouyancy

convection of the crystal melt was formulated for

i) the theoretical description of the experimental observed behavior and

ii) the identi�cation of critical parameters of the growth device, i.e. the evaluation of bifurcation points.

The superposition of thermal and solutal bouyancy convection e�ects sets up the possibility of avoiding undesirable

behavior of the melt ow by a certain choice of the involved parameters.

1. Mathematical model and numerical solution method

The crystal melt is described by the Navier-Stokes equation for an incompressible uid using the Boussinesq ap-

proximation coupled with the convective heat conduction equation and the di�usion equation. Heat conductivity

and viscosity depend on the temperature. Thus we have the governing equations
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in the cylindrical melt zone (height H, radius R).

~

S denotes the stress tensor and u; v; w and p are the primitive

variables of the velocity vector and the pressure, � and c denote the dimensionless temperature and the Tellurit

concentration.

For the velocity no slip boundary conditions are used. At the interfaces between the solid material and the uid

crystal melt we have for the temperature inhomogenous Dirichlet data, i.e. the melting point temperature. On the

heated coat of the ampulla the experimentators gave us measured temperatures but we need Neumann conditions

to describe the heating procedure physically correctly. At the bottom of the cylindrical melt zone we have a Tellurit

deposit in form of a boundary layer. The boundary conditions are of the form

u = v = w = 0 on the whole boudary; (7)
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The initial state was assumed as the neutral position of the crystal melt (~v = 0 and c = 0) and a temperature �eld,

which solves the non convective heat conduction equation with the given temperature boundary conditions.

A threedimensional �nite volume code is used for the numerical solution of the above described non linear initial

boundary value problem.

The material properties and the dimensionless parameters for the investigated crystal (Bi

1�x

Sb

x

)

2

Te

3

are given by
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The considered crystal material is of interest during the production of cooling devices.

2. Results

The experimental results of the oscillatory behavior for certain ascpect ratios could be con�rmed by the thermal

bouyancy convection model. With the generalization of the mathematical model by solutal bouyancy convection

e�ects we �gured out a damping/decreasing of the uid motion in the melt zone when the Grashof number is

increasing. These investigations have just begun and because of the computational amount (time and memory) we

consider an axisymmetrical simpli�cation.
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Figure 1: c-surface plot, � = 1:25; Gr

c

= 47621
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Figure 2: c-surface plot, � = 2:5; Gr

c

= 428590

The �gures 1 and 2 show the surface plots of the Tellurit concentration for

^

�

c

= 0:01=Gr

c

= 47621 and

^

�

c

=

0:09=Gr

c

= 428590 respectively. The investigations show the principal possibility of stabilization of the melt ow

for certain thermal and solutal parameter con�gurations. In consequence of the presented results the necessity of

the investigation of the genuine unsteady threedimensional mathematical model of the coupled thermal and solutal

convection is obvious.
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