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Abstract of Thesis

Marangoni convection is critical in various natural and industrial processes, such as film coating, droplets, material fabrication,
and crystal growth. However, most of these studies have focused on fixed geometrical settings, neglecting the variability
encountered in real-world scenarios. This thesis aims to fill this gap by investigating Marangoni convection under various
geometrical conditions relevant to practical processes. It strives to uncover and characterize the novel phenomena that arise when
the geometric constraints are altered. Through meticulous numerical simulations and experimental analysis, this research offers
a fresh perspective on the complexities of Marangoni convection, providing insights that could revolutionize process
optimization in fields where these dynamics are crucial.

Investigating the impact of liquid depth on thermal Marangoni convection stability within a shallow cavity containing silicone
oil with a Prandtl number of 6.7, the findings reveal that thinner films exhibit primary instability transitioning from a steady
state to a 3D oscillatory pattern. In comparison, thicker films experience secondary instability, shifting from oscillatory to chaotic
flow. These behaviors suggest that thinner films benefit applications requiring stable coating processes. In contrast, thicker films
might be better suited for applications demanding enhanced mixing, such as lubrication.

The next research delves into the influence of hydro-static free surface deformation on thermo-solutal Marangoni convection in
a shallow rectangular cavity under microgravity conditions. The results underscore a crucial point: the volume ratio is a dominant
factor for promoting uniform liquid layers and is facilitated by consistent Marangoni flow distribution. This study also explores
the interaction between different Prandtl and Schmidt numbers, demonstrating how these properties affect flow, temperature,
and concentration distributions, essential for optimizing various industrial processes such as material welding, glass production,
painting, and crystal growth. This emphasis on practical relevance keeps the reader's attention and highlights the importance of
the research.

This final investigation focuses on thermo-solutal Marangoni convection in a floating liquid bridge of SiGe, considering
variations in volume ratio and gravity. The simulation outcomes indicate that the temperature field in the melt remains unaffected
mainly by convective flows, while the concentration field predominantly determines the transport structures. Notably, the
transition characteristics and the critical azimuthal wave number are influenced by the volume ratio, with minimal impact from
gravitational changes, highlighting the robustness of Marangoni convection under diverse conditions.

These studies offer a deeper understanding of Marangoni convection's complex dynamics and highlight its direct implications
for improving processes in various industrial and scientific applications, coating, lubrication, and crystal growth for better design

and high-quality production.
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