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The currently most important techniques for the growth of bulk crystals use growth from the melt. All of these growth techniques can be referred to two main categories: meniscus controlled crystal growth systems (Czochralski technique, floating zone technique) and confined crystal growth systems. In confined crystal growth systems both crystal and melt are confined within a solid container. Such techniques can be divided into normal freezing method (in which the whole charge is melted initially and then progressively crystallised) and zone melting method (in which a molten zone is established and traversed along an ingot). The vertical directional solidification technique is commonly known as the Bridgman-Stockbarger technique. In confined crystal growth systems the material is loaded into an ampoule (a solid container) after melted and solidified by varying the temperature field: by changing the heat power of the furnace (the gradient freeze technique) or by translating the ampoule through the furnace (the Bridgman-Stockbarger technique).  After solidification, the crystal is removed from the ampoule.  The confined crystal growth techniques are very widely used and the range of material grown by these techniques is enormous, because of the simplicity and the ease of construction of equipment [1]. It is well known that quality of substrates depends on the crystal growth condition such as the crystal and crucible pull speed, temperature distribution on the wall. The Bridgman process and Czochralski technique have been required to improve for decreasing impurities in the crystal. Therefore it is very important to understand melt motion and fluctuation of temperature in the melt for higher quality and lager size of single crystal substrates. Studies on the dynamic patterns of convection in a melt are numerous.  In many papers of crystal growth, occurrence of “spoke pattern” on the melt surface has been reported.  The flow loses its stability and axisymmetric structures break its symmetry and became non-axisymmetrical.  It was observed that flow is divided into several identical rolls.  Adjacent roll structures (sectors) have an opposed azimuthal velocity component. Moreover, the computed result shows that the azimuthal velocity of structure modifies the temperature profile from axisymmetric to non-axisymmetric.  The numerical computation applied to the analysis of buoyancy driven flow in the vertical cylinder shows non-axisymmetric character of the flow even for axisymmetric boundary conditions.  Miller and Pernell [2] concluded that Marangoni effect could be the possible cause of the spoken pattern.  However Jones [3] speculated its cause to buoyancy driven instability.  Yi et al. [4] performed 3D numerical calculations of silicon melt and concluded that the Rayleigh-Benard or/and Marangoni-Benard instability can cause spoke patterns. Jing et al. [5] presented 3D numerical simulations of oxide melt in an open crucible, taking both the buoyancy and Marangoni effects into account.  They concluded that the Marangoni instability is an indispensable factor in forming the surface spoke pattern.   Kowalewski and Cybulski [6] and Gelfgat et al. [7] observed the same spoke structures and axisymmetry breaking instability with large azimuthal number.  Three-dimensional unsteady numerical computations were carried out by Szmyd et al. [8, 9] for buoyancy driven convection of an oxide melt (Pr=10) and radiation from the free surface of the fluid in a vertical cylinder.  Temperature distributions on the vertical wall of the cylinder and radiative heat transfer from the free surface of the melt were found to play a key role [9].  Papailiou and Lykoudis [10] concluded with experimental works on water, mercury and gases, the transition from laminar to turbulent flow occurs at Rayleigh number in the range between 105 and 106.  

The present work performed three-dimensional numerical computations of the unsteady flow and thermal fields of a melt in a vertical cylinder (like the Bridgman top seeding convection and Czochralski technique) in order to investigate the transient convection phenomena. In Bridgman top seeding convection the Rayleigh-Benard instability is an indispensable factor in forming the surface spoke pattern. For Czochralski technique the temperature distributions on the vertical wall of the crucible and radiative heat transfer from the free surface of the melt were found to play a key role.
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Figure 1. The distribution of temperature obtained (the Bridgman top seeding convection) for Gr =1.35x105, 4.05x105, 8.1x105 and 12.1x105, respectively. Circles represent -r plane at z*= z/Hl = 0.95, (a) no-slip condition on top plate of crucible, (b) slip condition on top plate of crucible
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Figure 2: The distribution of temperature and velocity vectors (the Czochralski method) obtained for T = 0, 4, 12 K and Tr =1000 K,  respectively.  Circles represent  -r plane at z*= z/ Hl = 0.90, and rectangles represent  z-r plane for   = 0 and 180o .
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