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In the realm of expanding resource demands, autonomous underwater vehicles (AUVs) have emerged as
groundbreaking assets for ocean exploration. This doctoral research addresses challenges in AUV
maneuverability by proposing novel solutions to advance AUV hydrodynamics studies. A new approach
employing a non-inertial reference framework within computational fluid dynamics (CFD) was introduced,
effectively mitigating grid deformation issues and substantially improving computational efficiency. Traditional
studies rely on extensive simulations with dynamic grid systems, often leading to accuracy and efficiency
compromises. The proposed methodology integrates Euler, Lagrangian, and centrifugal force terms into the
Navier-Stokes equations, ensuring comparable accuracy to dynamic grid-based methods while enhancing
efficiency.

Building on this innovative non-inertial frame-based solver, a suite of AUV motion models was developed using
hydrodynamic force coefficients obtained from drag tests. To accurately compute the AUV’s hydrodynamic
response in static water under various conditions, an output model for thrusters was introduced. Recognizing
the need to further simplify and accelerate the research process, a machine learning system based on a
feedforward neural network (FNN) was applied. This system was trained to link six-degree-of-freedom
independent motion modes with their corresponding hydrodynamic responses, effectively replacing traditional
hydrodynamic simulations. This approach not only reduced the research cycle but also simplified the process
while maintaining accuracy, making it highly suitable for industrial applications in AUV hydrodynamics.

Chapter 1 outlines the foundational background and pertinent prior research relevant to this study, providing
a comprehensive context for the subsequent investigation. It delineates the methodological framework and
objectives of the current research endeavor.

Chapter 2 delves into the development of a CFD solver within a non-inertial coordinate system. It provides a
comprehensive overview of the mathematical foundations, including the composite theorem of velocity and
acceleration, as well as the fluid momentum and continuity equations. The chapter also discusses the solver's
structure and presents verification results from various simulations, highlighting its correctness and
effectiveness.

Chapter 3 focuses on evaluating AUV maneuverability using the newly developed non-inertial coordinate
system-based solver and the Hydrodynamic Force Coefficients (HFC) method. This chapter covers the
mathematical foundations, model setup, and the results from CFD and motion simulations based on HFC,
demonstrating the solver's capability in practical scenarios.

Chapter 4 incorporates a Feedforward Neural Network (FNN) to enhance the simulation process. It details the
advantages of FNNs for nonlinear function fitting, the creation of datasets, neural network training, and the
subsequent motion simulations. This chapter showcases the integration of machine learning techniques with
CFD, providing a robust and efficient framework for AUV maneuverability analysis.

Chapter 5 shows the conclusion and future work. It summarizes the significant advancements presented in this
research, offering practical solutions for both academic and industrial applications, and paving the way for more
efficient and accurate hydrodynamic studies of AUVSs.




CHAN SIYU

Computational Fluid Dynamics; CFD

CFD
CFD
CFD Navier-Stokes NS

CFD

NS

CFD NS
Feedforward Neural Network  FNN
6

1

2 CFD NS




3
Coefficient ; HFC

4 FNN

HFC
HFC

FNN

CFD

CFD

CFD

CFD

Hydrodynamic Force
HFC




