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ABSTRACT OF DISSERTATION

Understanding Bubble Growth Behavior during Nucleate Boiling

Boiling heat transfer associated with bubble growth is perhaps one of the most efficient cooling methodologies due to its sizeable latent heat during
phase change. Despite significant advancement, numerous questions remain regarding the fundamentals of bubble growth mechanisms, a primary
source of enhanced heat dissipation. This thesis provides a comprehensive examination of the mechanisms involved in the growth of bubbles during
nucleate boiling. By conducting a combination of experiments and numerical analyses, the goal is to enhance our understanding of bubble growth
phenomena and their impact on heat transfer. Initially, the experimental work focuses on comparing the heat transfer performance and parameters
related to bubble dynamics between regular and modified fin structures. The findings demonstrate that the modified fin structure, which featured
artificial nucleation sites, exhibits superior heat transfer characteristics. This improvement is attributed to changes in the bubble departure diameter,
bubble departure frequency, and growth time. Subsequently, an artificial neural network is developed to accurately predict the bubble departure
diameter based on the wall superheat and subcooling level. This predictive model provides valuable insights into bubble behavior originating from
artificial nucleation sites. Furthermore, experiments utilizing dual tracer laser-induced fluorescence thermometry technique enable precise

measurements of three-dimensional, space- and time-resolved liquid temperature distributions surrounding growing bubbles. The results unveil

transient temperature variations during bubble growth and departure, underscoring the role of the growing bubble as a heat remover from the



surface. Additionally, the influence of surface orientation on bubble dynamics and heat transfer is investigated, shedding light on how different
orientations affect the bubble departure diameter and frequency. Finally, a numerical investigation using ANSYS FLUENT is conducted to comprehend
bubble initiation and growth on both horizontal and vertical heated surfaces. The simulation results aligned well with the experimental data, further
contributing to our understanding of bubble growth mechanisms in nucleate boiling. Overall, these studies deepen our knowledge of bubble growth

mechanisms and their implications in nucleate boiling.
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