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Fig.3 Growth of the azimuthal velocity disturbance (a),
determination of the critical temperature difference (b)
and comparison of the simulation results and

experimental results (c)
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Fig.6 Comparison of the simulation result (a)
and experimental result (b) for the stationary

three-dimensional flow at Zg = 0.425
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BUOYANT-THERMOCAPILLARY CONVECTION OF MODERATE
PRANDTL NUMBER FLUID IN AN ANNULAR POOL"

Peng Lan*?  Li Yourong* Zeng Danling* Imaishi Nobuyukif
*(College of Power Engineering, Chongging University, Chongging 400044, China)
t(Institute for Materials Chemistry and Engineering, Kyushu University, Japan)

Abstract In order to understand the nature of buoyant-thermocapillary convection in an annular pool with
the outer heated container of radius r, = 40 mm and the inner cooled cylinder of r; = 20 mm, and an adjustable
depth d = 3 ~ 17mm, we conducted a series of unsteady three-dimensional numerical simulations with the finite
difference method. The pool was filled with the 0.65cSt silicone oil (Prandtl number Pr = 6.7). Results show
that a small temperature difference in the radial direction generates steady roll-cell buoyant-thermocapillary
flow. With large temperature difference, the simulations can predict two types of flow instability. In a shallow
pool (d = 3mm), the hydrothermal wave characterized by curved spokes traveling in the azimuthal direction
is dominant while in deep pools (d > 6 mm), the three-dimensional stationary instability appears. The critical
conditions for the onset of the instability flows and the free surface temperature fluctuation are determined and

compared with the experimental results.

Key words computer simulation, buoyant-thermocapillary convection, spoke pattern, silicon oil, annular pool

Received 4 August 2004, revised 25 February 2005.
1) The project supported by the National Natural Science Foundation of China (50476042).
2) E-mail: penglan@equ.edu.cn



