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Abstract of Thesis

The study of propeller-hull and propeller-hull-rudder interaction is important to predict the efficiency of the
propeller as well as its influences on the resistance of the ship hull. By the Computational Fluid Dynamics (CFD)
method, the viscous flow computation of the ship hull is normally coupled with some propeller programs by
viscous method or by potential flow method. In this study, the new propeller model which has been introduced
recently in the author’s laboratory is coupled with Reynolds’ Averaged Navier Stokes (RANS) solver for ship
model and the interaction problem is studied. The proposed propeller model is a simple body-force distribution
model which is treated as the infinite-bladed model with a simplified quasi-steady blade element theory with
implicit consideration of time averaged propeller induced velocity field. The propeller model is much simplified
with its less dependency on grid-type. The two hull forms are used in this thesis and the propeller-hull interaction
is studied in two cases for each hull form. The cases for one hull form are computation in original offset without
hub and computation in modified hull offset by considering propeller hub and the cases for the other hull form are
computations for without-rudder and with-rudder cases. The self-propulsion factors, velocity field and the
propeller suction effect are analyzed in each sections of the wake region downstream the propeller. As the primary
requirement of nowadays maritime industry is to reduce COz gas emission, the computation of the interaction
problem with the energy-saving devices installed on the rudder or somewhere in the appendages is targeted for
the future work. In that sense, the effect of rotating hub cannot be neglected due to the presence of strong hub
vortex. So, the proposed propeller model is computed for the complex geometry with stern tube and hub to

consider the hub vortex and the influence of hub is studied in this research.

The dissertation is divided into seven chapters:

Chapter 1 is Introduction. Some of the previous researches are briefly described and the advantage of the
current research is explained. The objectives of the thesis are listed and the scope of the work is explained.

In Chapter 2, the background of the computational methods is presented. Brief review of a CFD code,
CFDSHIP-IOWA version 4.0, applied in this thesis including the mathematical models of governing equations,
turbulence model, level-set method and the overset grid topology is explained. The theory of the current proposed
propeller model is also explained in details and its main advantage is pointed out. The necessary experimental
backgrounds are described as the results of experiment will be used for the validation of the computational result
throughout the thesis.

In Chapter 3, the propeller-hull interaction for the case in which the propeller hub is not considered is
explained. The proposed propeller model is coupled with the Series 60 CB=0.6(S60) hull form in original offset
without any modification and without hub. The interaction of the propeller to the hull is analyzed in detail and
some successive outcomes are discussed by comparing with experimental data.

Chapter 4 discusses the propeller-hull interaction when the hub is considered in the computation. The
effectiveness of the energy saving devices cannot be observed well in the lack of hub in the propeller computation.
This factor extends the research to include the stern tube part which is attached to the S60 hull form with




modified offset. The rotational effect of the hub is implemented into the computation and the propeller-hull
interaction is studied. The results clearly describe the effect of hub is important in the interaction analysis and
the advantage of the hub is pointed out by comparing with the previous computation.

Chapter 5 discusses the propeller-hull-rudder interaction with a modern commercial oil carrier model
(KVLCC2). After the propeller model has been proved with simple hull form S60, the study is extended to
KVLCC2 which is remarked as the study ship and is used by many research institutes. The interaction
behaviors for two cases; without-rudder and with-rudder cases. Both computational results are explained by
validating with Experimental Fluid Dynamics (EFD) results that is carried out in Osaka University and the
discussions are made based on the comparison between the results.

Chapter 6 briefly describes the computation on different coordinate systems. The proposed propeller model
has been successfully coupled with the hull and the interaction has been studied well. The future works aim at
the computation of free running test with the proposed propeller method in inertial coordinate system. This
chapter outlines some basic transformation between the inertial and non-inertial coordinate computation and
draws the conclusion and proposes the future work. The proposed propeller method has been proved with its
effective outcomes. It is concluded that the future work will be proceeding by the computation of the propeller-hull
interaction with energy saving devices and the free running maneuvering tests.

In Chapter 7, over all conclusions are drawn from the computational studies. The future plan for upgrading

the computational method is also mentioned.
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