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Introduction
Extensive series of experiments on crystal growth by the floating zone method

have been conducted aboard the FOTON satellite and aboard the MIR space station. The
ZONE facilities were used for this purpose. As a result, crystals of germanium, indium
antimonide, gallium antimonide 15-20 mm in diameter and 60 mm in length have been
produced. The technological experiment is implemented in the following manner: a bar
15-20 mm in diameter and 110 mm in length is placed into a 30 mm quartz ampoule; the
specimen is held inside the ampoule by means of 60mm long graphite inserts of intricate
shape. The specimen is heated up until a melt-down zone is formed and kept for some
time. After that, the ampoule starts to travel with a certain velocity relative to the heater.

••• ' The space conditions substantially extend the capabilities of the floating zone
method, because the surface tension forces allow a melted zone of much larger diameter
than that under terrestrial conditions, e.g. for accelerations equal to 10"4 g crystal diameters
can be increased by a factor of 100. The experiments referred to show, however, that
quality crystals could only be obtained if we develop a system for monitoring, diagnostics
and control of the temperature fields and crystallization front parameters. This is where
numerical simulation comes into play, considering the fact that opportunities to
experiment are not unlimited.

A comprehensive numerical technique [1] for simulating conductive-radiational
heat transfer in arbitrary domains in two-dimentional (r-z)-geometry was used to calculate
melting and crystallization processes by the Bridgeman method [2]. The present paper
employs this approach to calculate melting and crystallization processes in the floating
zone method.

The paper presents a mathematical statement of, the 2D nonstationary Stephen
problem to simulate the process of growing crystals by floating zone method. The
discretization method we used and the method for solving the problem considering
conductive and radiational heat exchange are described.

Mathematical Statement of the Problem
The main mechanism that should be considered in modelling the growth process of

the crystal is the heat-mass transfer in all the installation including the conductive and
radiational heat exchange. A 2D- model of the process of crystal growth by the floating
zone method is described in the paper. The calculational domain is a finite aggregate of
physically homogeneous zones that may intersect along their boundaries only. The
boundaries of the zones are cylindrical, conical surfaces; circles and rings perpendicular to
the Z-axis. The domain may have cavities where heat is transferred by radiation. Two
types of boundary problems for the calculational domain zones are distinguished: the heat
conduction problem and the Stephen problem. The heat conduction problem describes
nonstationary heat transfer in one-phase medium. It is a boundary problem for the
quasilinear equation:
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where h stands for enthalpy, p=p(h) is density, T(h) is the temperature, A,(h) is the thermal
conductivity coefficient, qv(t) stands for the density of a voluminous heat source. The
functions p(h), A,(h), T(h) in the equation (1) are assumed to be smooth.

The Stephen problem describes nonstationary heat transfer under phase transition
conditions. The statement of the problem includes two nonstationary thermal conductivity
equations for different phases separated by a movable interfacial boundary subject to the
Stephen condition

+ (2)

where c stands for phase transition specific heat, V stands for the velocity of a point on

the interface, Q + is the normal heat flux from the phase with the lower specific enthalpy,

Q ~ is the normal heat flux to the phase with the greater specific enthalpy.
The interface may be multiconnected. In general the type of the boundary problem

for each individual zone is actually dependent on time. The number of connected pieces of
the interface in the Stephen problem may also depend on time. There is a natural relation
of neighbourhood among the zones. Two zones are said to be neighbouring if they share
an interzonal boundary. Transitive closure of the neighbourhood relation is the
equivalence relation, which breaks the set of zones into equivalence classes. Each
equivalence class is a connected piece of calculational domain that can be regarded as a
united region where the equation (1) and the temperature continuity condition hold. Heat
fluxes are continuous except for the interfaces between different phases where we have the
equation (2). The enthalpy also has a discontinuity of the first kind on the interfaces. Heat
exchange between the regions is by radiation.
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