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Abstract of Thesis

Marangoni convection has attracted continuous attention due to its existence in many natural and industrial processes such
as oceanography, droplets, material fabrication, and crystal growth. Numerous fruitful research findings on Marangoni
convection have been reported in recent years. However, the simple boundary conditions are adopted in most previous studies,
while different boundary conditions also exist in many practical problems, and the associated unclear phenomena need to be
revealed as well. Therefore, this thesis focuses on the various boundary conditions occurring in the practical processes, with the
aim to investigate the effect of such conditions on the flow instabilities and pattern evolutions induced by Marangoni convection
in a shallow rectangular cavity. In addition, not only pure solutal Marangoni convection but also thermal-solutal Marangoni
convection with such boundary conditions are further analyzed.

A theoretical model of pure Marangoni convection considering a linear solutal boundary condition is established, and solutal
Marangoni convection with the moderate and high Schmidt numbers (Sc = 10 and 100) is studied systematically. The results
reveal that the concentration fluctuations usually first appear inside the liquid layer due to the sudden change in flow direction.
The evolution sequences of flow instabilities are related to the Schmidt number. Furthermore, compared with the previous studies
used a constant solutal boundary condition, it is found that the computed fluid fluctuation with considerably less disturbance
energy is observed and the concentration distribution is much more uniform on the bottom surface.

Numerical simulations have been carried out on the thermal-solutal Marangoni convection subjected to mutual
perpendicular temperature and concentration gradients. The relative contributions of thermal and solutal Marangoni effects on
flow destabilization and pattern evolution are analyzed. On the one hand, the fluctuations of temperature and concentration are
observed on the free surface in the forms of hydrothermal wave and hydrosolutal wave. On the other hand, two different
propagation directions of wave patterns coexist on the free surface when the overall contributions of thermal and solutal effects
are in the same order. Moreover, the effect of rectangular and cylindrical configurations on the characteristics of Marangoni
oscillatory flow is qualitatively examined. Last but not least, based on the previous discovery, the effect of thermal radiation on
thermal-solutal Marangoni convection is investigated. The critical Marangoni number at which the flow destabilizes highly
depends on thermal radiation and exhibits different variation tendencies on the stages of heat loss and gain. Such a study would
be beneficial for the industrial processes such as material welding, glass production, and crystal growth, for better design and

high-quality production.
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