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Fig.2 Wave dissipative structure
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Table 2 The contribution of the basic modes to

the dissipative structures (energy)

(%)
No. 2 waves 3 waves
1 23.9 29.3
2 21.8 18.3
3 7.5 17.8
4 6.8 6.0
5 4.5 5.6
6 4.4 2.6
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Fig.5 The average temperature filed of dissipative structure
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SPATIAL COMPOSITION AND FORMATION PROCESS OF WAVE
DISSIPATIVE STRUCTUREY

Jia Chenxia* Li Kai' Jing Chengjun**?  Arima Hirofumift

*(Sichuan College of Architectural Technology, Deyang 618000, China)
t(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)
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Abstract  Since the theory of dissipative structures has been proposed, many researches on them were
performed. However, these studies mostly focused on the thermodynamic theory, laws and stability of dissipative
structures, few studies were carried out on the basic structure-cells and their interaction in the dissipative
structures. Since 1970’s, different dissipative structures (patterns) have been found in crystal growth system,
such as spoke patterns, rotating spoke patterns and wave patterns. In this paper a famous wave dissipative
structure was investigated, observed in the melt thermal convections in Czockralski (Cz) crystal growth system.
The wave patterns with different wave numbers n are obtained numerically in a Cz oxide melt thermal convection
system with crucible radius r. = 100 mm and crystal disc radius r, = 50 mm. The oxide melt is filled in a rest
crucible, whose aspect ratio is r. : h (radius: height). The motion of the oxide melt is induced by sidewall
heating of the crucible and a rotating disc. The disc has a common axis with the crucible and just contacts with
the free surface of the oxide melt. The rotating rate of the disc is £2,. The governing equations of LiNbO3 melt
flows were solved by a block- structured boundary-fitted-coordinate method. To ensure the correct coupling of
pressure and velocity fields, the well-known momentum interpolation technique of Rhie and Chow was applied.
For the convective term, QUICK scheme was applied. A pressure - correction equation is derived according to

SIMPLE algorithm. By changing r : h and f2,, numerical simulations are conducted to obtain stable n-folded
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wave patterns. Proper orthogonal decomposition (POD) is applied to extract the basic modes of the n-folded
wave patterns (n = 2,3,4 in the present paper). According to POD, the basic modes are optimal structures to
form the parental n-folded wave patterns and consist of many small-scale vortexes in general. In the present
paper some interesting findings are achieved: (1) n-folded wave dissipative structure is made up of many small-
scale basic modes; (2) basic modes appear in groups; (3) each group has n similar basic modes but of different
phase angle; (4) with the increase of group order, the number of the vortex in the basic modes increases by
twice. The contribution of the basic modes to form the parental dissipative structure is different and time-
dependent. The macroscale wave dissipative structure is found to be formed by the alternative appearance and

disappearance of the basic modes. These results enrich the knowledge of dissipative structure.

Key words dissipative structure, wave pattern, proper orthogonal decomposition, numerical simulations,

crystal growth



