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Computational and experimental study of instabilities for crystal growth related
problems

Alexander Gelfgat
School of Mechanical Engineering, Faculty of Engineering, Tel-Aviv University, 69978, Tel-Aviv,
Israel

This lecture attempts to review main activities of our crystal growth modeling laboratory for
several last years. The activity includes experimental and computational modeling of instabilities in
Czochralski melt flow, as well as development of novel computational tools for study of
three-dimensional instabilities with simultaneous solution of classical benchmark problems.

Two well-known three-dimensional benchmark problems are considered: (i) lid-driven flow
in a cubic cavity and (ii) natural convection of air in a laterally heated cube. Benchmark quality
results on steady — oscillatory transition are obtained for both problems by a straight-forward time
integration of the Navier-Stokes and Boussinesq equations. As a further goal we seek for a numerical
method capable to solve fully three-dimensional stability problem.

Experiments on the Czochralski melt flow are done mainly for experimental validation of the
Czochralski stability solver developed by our group. The solver predicts transition from steady
axisymmetric to oscillatory three-dimensional flow regime in a basic Czochralski configuration.
Along with the presentation of experimental results and comparisons with numerical data, we focus
on two issues: (i) why slow rotation destabilizes convection flow, and (ii) why experimentally
observed instability sometimes is observed far below numerically predicted threshold. The answer on
the first question is obtained by a series of computational experiments and is supported by
experimental measurements. To address the second question we had to consider imperfections in the
thermal boundary conditions. After these imperfections were included in the computational

modelling, the agreement between experiment and numerics became noticeably better.
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