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Abstract of Thesis

In order to curb the greenhouse gas (GHG) emissions from the shipping industry, the International
Maritime Organization (IMO) introduced the Energy Efficiency Design Index (EEDI) for all new ships. To
achieve the requirements for the EEDI, there is need to investigate the propulsive performance for ships in
waves. Therefore, in this study, the effect of the wave amplitude and energy saving devices (ESDs) on the self-
propulsion factors, motions, thrust, torque and the flow field around the stern of a self-propelled model ship has
been investigated in waves. The velocity distribution at the stern with various amplitude waves were analyzed
and discussed with respect to the thrust fluctuation in waves. Regarding ESDs, a normal rudder and rudders
with a bulb and fins (RBFs) were used with an aim of recovering the lost energy or gaining extra thrust by
utilizing the rotational flow after the propeller in waves. The fins for the RBFs were horizontal on both sides of
the rudder with a zero angle of attack and a similar foil section but facing opposite directions in order to generate
a forward force from the rotational flow behind the propeller. It was investigated in calm water and the increase
of propeller efficiency was observed. To understand the effect of the rudders on the self-propulsion factors,
motions, thrust, torque and the flow field around the stern of the model ship, the results for with and without
rudders were compared. The study was done for a 3.2m KVLCC2 model tanker in fully loaded condition,
appended with a propeller and rudders at a design Froude number of 0.142 in short and long waves.

The dissertation is organized in five chapters.

Chapter 1 is the introduction that mainly shows the background and the objective of the research and
literature review of the previous studies.

Chapter 2 gives the details of some of the equipment and facilities that were used in this study. The
particulars of the model ship and propellers are also discussed. The test conditions and the method that was
used to make the phase averaged measurement is shown in detail.

Chapter 3 presents the motions and force measurement results. In this study, heave and pitch motions were
free and surge was free by using a weak spring to compensate for the unbalance of the steady force. So, the
surge motion due to wave exciting force was measured as well as the slow surge motion through mass weak
spring system. Time histories for heave and pitch motions, thrust, torque and effective wake are shown. From
the results, the efficiency improvement was observed by RBF system in short waves and a decrease of efficiency
was not observed for all wave ranges. The time averaged inflow velocity increases as the wave amplitude
increase for long waves. So, the efficiency decreases as the wave amplitude increases for long waves.

Chapter 4 presents the results for the flow field in calm water and in waves. The velocity distribution and
vortex behavior around the stern of the model ship are explained with respect to the wave amplitude and ESDs
effect in waves. The velocity distribution was also discussed with respect to the thrust fluctuations. Regarding
the ESDs, the results for with and without rudder are compared so as to understand the effect of the rudders
on the flow field. It was observed that there is no substantial effect by the rudders especially on the flow field
upstream of the propeller. However, there was a significant effect on the flow field downstream of the propeller.
For the wave amplitude effect, the lower velocity part related to the longitudinal bilge vortices moves vertically
and the high velocity area enters the propeller plane with respect to the effective inflow in Chapter 3.

Chapter 5 gives a summary of the conclusions for this study as well as the future works.
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