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Abstract of Thesis

The computation of the flow field around the self-propelled ship is important to understand the propulsive
efficiency in waves or with maneuvering motion. The present CFD (Computational Fluid Dynamics) codes can
handle the flow field around a ship with a rotating propeller. However, the computation takes long time due to
the difference in non-dimensional time if the real geometry and the rotation of the propeller are treated in
CFD code. Therefore, those methods are not easy to be applied to the iterative geometry manipulation, which
is very important for the design process. From this point of view, a new body-force propeller model has been
developed which uses a simplified quasi-steady blade element theory (BET) to compute the thrust and torque
distributions by using the total velocity field obtained from CFD code. The applicability of this new body-force
model is investigated by studying the effect of free surface on flow around a rotating propeller. The propeller
model is much simplified that the grid type dependency is lessened. Further, the forward speed diffraction
problem of fully-loaded KVLCC2 tanker at Fr=0.142 in regular head waves is discussed numerically by using
the body-force model. Finally, the motions of KVLCC2 at Fr=0.142 in regular head waves with wave lengths
AL=0.6, 1.1 and 1.6 are predicted by using the proposed propeller model.

The dissertation is divided into six chapters:

Chapter 1 reviews the literatures, points out the objectives and contributions of this thesis. It also presents
the overview of the document.

Chapter 2 presents the development of a new body-force model for the rotating propeller within viscous flow
code and its application to uniform flow and propeller advancing with the angle of attack. The solid-surface
effect on the propeller loading and power is also investigated. The detailed mathematical formulation of the
model and the computational outline is explained. The model presented here aims to reduce the computational
effort while keeping the effect of ship with motion in quasi-steady manner for propeller. Open-water validation
simulations are done for the Modified-AU type fixed-pitch propeller. In the further chapters, this body-force
model will be employed for propeller-hull related flow problems.

Chapter 3 introduces the effect of free surface on the flow around a rotating propeller by varying the
propeller immersion depth to investigate the applicability of the new body-force method. A simplified quasi-
steady BET is coupled with the RANS code CFDSHIP-IOWA to calculate the body-force distributions. The
body-force distributions are used for the computation of the flow field around the propeller near the free
surface. The computational method, grid generation and the computational outline is explained. Propeller
open-water characteristics are simulated in still water for different immersion depths for the Modified-AU
type fixed-pitch propeller. The propeller open characteristics are compared with the experimental data. The
results of the propeller inflow and the propeller wake are discussed in detail.

Chapter 4 discusses the ship forward speed diffraction problem numerically because of its importance to
predict the ship motions in wave fields. The body-force propeller model with a simplified quasi-steady BET is
coupled with the RANS code CFDSHIP-IOWA to study the forward speed diffraction problem of the tanker
KVLCC2 in fully-loaded condition. The test conditions, ship and propeller geometry are explained. Also, the




CFD method (CFDSHIP-IOWA V4.5) utilized in the current work is explained in detail. Herein, the propeller
boss effect is also included. The simulations are done for the ship advancing at design Froude number
Fr=0.142 under regular head waves with the same wave amplitude (A=0.009375L, where L is the ship length)
and three different wavelengths (A/L.=0.6, 1.1 and 1.6). The computations are also carried out without
propeller for the same cases to analyze the propeller effect on the flow field. The results are discussed at the
end.

Chapter 5 presents the prediction of the motions and the propeller performance of KVLCC2 at Fr=0.142 in
regular head waves with wavelengths A/.=0.6, 1.1 and 1.6 using body-force propeller model. The body-force
propeller model with a simplified quasi-steady BET is coupled with the RANS code CFDSHIP-IOWA. The
experiment conducted in the towing tank of Osaka University, including the PIV (Particle Image Velocimetry)
measurement for the wake field is briefly explained. The complicated flow field around the self-propelled ship
in waves is investigated and the wake flow is compared with the PIV measurements. The simulation results
for the thrust and time histories are compared with the PIV measurement results.

Chapter 6 summarizes the development of the new body-force propeller model and the application of it for

propeller-hull related flow problems. And, investigates possible future research.
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