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Abstract of Thesis

Along with the making vigorous efforts on meeting the specific customers' demands, the shipyards have been
facing consistently many challenges concerned with global energy crises and environmental protection. One of the
biggest challenges is to enforce the carbon dioxide emission regulations implemented by the International
Maritime Organization, mainly the Energy Efficiency Design Index (EEDI) in the last decade. By the same token,
the United Nations adopted the Sustainable Development Goals (SDGs) to protect the planet. In this regard, ship
designers are exploring the advanced technologies to construct efficient ships with low carbon dioxide emissions.
The rudder-bulb-fins system (RBFS) is one of the energy-saving technologies by recovering the rotational energy
of the propeller slip stream that can fulfil the above-mentioned demands. The propulsive performance of the
KRISO very large crude oil carrier (KVLCC2) model ship with RBFS system containing the various fin
configurations were investigated by comparing the efficiency of the model with the conventional rudder in regular
head waves. A Computational Fluid Dynamics (CFD) code, CFDShip-Iowa V4.5, was utilized for hydrodynamic
numerical simulations and the computational results were validated with the available experimental data, which
were carried out in the towing tank of Osaka University. The improvement by RBFS was observed in many wave
conditions but the gain was smaller than in calm water and was almost zero in one wave condition for one RBFS.
Overall, CFD predicted well and had good agreement with the Experimental Fluid Dynamics (EFD) in
self-propulsion performance prediction in waves.

The thesis is comprised of six chapters in total.

The dissertation begins with an introduction that consists of general background concerned with current
environmental regulations, various energy saving devices (ESDs), some literature reviews on ESDs, and
motivation for this study. In the general background, currently facing problems around the world in ship design,
types of energy-saving devices and the working principle of rudder bulb-fins system are briefly explained.

Chapter 2 consists of two parts; geometry and test conditions. In the first part, the principle particulars and
diagrams of the objective model ship, propeller, and rudder are shown. The second part represents the summary
matrix of the simulations conducted in five wavelengths.

Chapter 3 is about the methodology composed of two sections; namely as CFD and EFD. In the first section,
details of the generated grid, an overview of CFDShip-Iowa, and adopted computational domain and boundary
conditions are described. The second section gives a brief explanation of the experimental setup and
measurements.

In chapter 4, the results and discussion on the comparison of RBFS and normal rudder are stated by dividing
into three sections; motions analysis, viscous flow fields, and self-propulsion analysis. In motion analysis, two
degree of freedom motions (heave and pitch) are discussed including the first harmonic analysis. The axial
velocity fields predicted at three longitudinal positions (upstream of a propeller, AP, and downstream of a
rudder), single transverse, and horizontal positions are illustrated in section 2. The 3D vortex flow comparison is
also shown in the second section. In the final section of chapter 4, graphs and tables of effective wake, thrust,
resistance and efficiencies are demonstrated. The validation against EFD results in each case is performed.

Chapter 5 shows the simulations of new fins modifying span length, root camber profile and angle of attack in
three wavelengths. Comparison of those newly designed fins and original fin is carried out from the aspect of
motion, flow field and self-propulsion analysis with the aid of graphs and tables.

The summary of the entire work performed is described with the specific and remarkable facts from each and

single section in chapter 6. The suggested works that should be done in the future are mentioned.
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