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Abstract of Thesis:

The presence of irregular breaking waves featuring the air bubbles effect is fundamental to the dynamics of
shallow water waves, playing a critical role in dispersing wave energy, which is crucial for protecting coastlines
and controlling erosion. As waves approach shallow waters, waves interact more intensely with the seabed,
increasing turbulence and energy dissipation. Air bubble formation within breaking waves facilitates the
conversion of wave energy into turbulent kinetic energy, reducing wave height and intensity. This process
mitigates the impact of waves on coastal structures and shorelines. Moreover, breaking waves with air bubble
effects significantly impact sediment transport, ecosystem functions, and wave-induced forces in shallow water
environments. Accurate modeling of these phenomena is crucial for coastal management and resilient
infrastructure design to preserve coastal ecosystems.

This study focused on the role of air bubbles in energy dissipation within irregular waves, aiming to develop a
precise model for calculating wave height and set-up during wave breaking. It employed parametric,
representative, spectral, and probabilistic approaches to model irregular waves. The research explored the
bubble entrainment under spilling and plunging breakers, emphasizing energy dissipation phenomena in
unsteady wave dynamics.

Chapter 1 of this study began by presenting the motivation for the research and providing a general background
on the dynamics of air bubbles in breaking irregular waves. It then delved into a comprehensive literature
review, identifying research gaps that lead to the problem statement, objectives, and research approach.
Chapter 2 provided an experimental overview, detailing the procedures for data collection and data editing. It
concluded with a discussion of multiple datasets collected from various sources.

Chapter 3 elaborated on the development of an energy dissipation model for plunging and spilling breakers,
integrating the influence of air bubbles using the parametric approach tailored for irregular waves. This model
was developed by considering the concept of the fraction of breaking waves.

Chapter 4 explained the adaptation of existing regular wave-breaking models with air bubble effects to irregular
waves, resulting in the creation of new models using the representative approach. This method involved the
direct transfer of regular wave parameters to characterize irregular wave behavior.

Chapter 5 described the development of the energy dissipation model using the spectral approach, which
integrated the concept of fraction of breaking waves with a Weibull distribution.

Chapter 6 discussed the application of a probabilistic approach to formulating a new wave height distribution
designed for plunging breaking waves owing to the air bubbles effect. Various wave height parameters were
derived from this proposed distribution.

Chapter 7 consolidated the study's findings by addressing the objectives and research questions, while also
offering recommendations for future investigations in this field.

Overall, this study focused on computing RMS and significant wave heights using developed models,
numerically for irregular bathymetry and analytically for plane-sloping bathymetry. Energy balance equations
determined RMS and significant wave height calculations, while the momentum balance equation-controlled
wave set-up dynamics. Validation of the models and distributions involved a comprehensive series of
experiments, including large-scale, small-scale, and field experiments across various scenarios. Various error
analyses indicated that the proposed models, particularly one among them, demonstrated superior performance

with lower error indices in comparison to established models and experimental data.
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