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A single-propeller twin-rudder system has been successfully introduced for small coastal ships for improving

their maneuverability. In this thesis, the suitability of single-propeller twin-rudder system for large ocean

going ships is investigated. A typical large ocean going ship may spend about 80% of its operating time in

cruising while 20% in maneuvering. Therefore, when applying single-propeller twin-rudder system to large

ocean going ship, their influence on ship’s propulsive performance during course keeping needs to be

investigated. In this thesis, the following aspects are investigated:

a) The influence of twin-rudder’s tangential force on ship’s propulsion performance is investigated. The tail
inboard angle arrangement of twin-rudder system for optimizing its propulsion performance is determined.
A method of minimizing speed loss due to rudder motions during course keeping for the twin-rudder system
is proposed and compared with that of the single-rudder system. X

b) The MMG type model for the twin-rudder system developed earlier is validated with different ship types and

the relevant interaction coefficients for the twin-rudder system are identified.

Captive and free running experiments were carried out with a Panamax tanker ship model. The model ship is
fitted with a detachable type of stern that can be changed to suit both single-rudder and twin-rudder systems.
Four different types of rudders were fabricated for the experiments. The main conclusions of this study are:

1. The performances of the mariner Schilling rudder and the mariner rudder under various loading and gusty
wind conditions were compared. The superiority of the mariner schilling rudder over the mariner rudder
from the viewpoint of the optimum arrangement and their performance in full-scale conditions. was
discussed. It was seen that without any external force acting, for the same main engine torque, the speed
and the propeller revolutions of ships fitted with mariner rudder and mariner schilling rudders were same.
At constant engine torque, the maneuverability of the ship with a mariner Schilling rudder was superior to
that of the ship with a mariner rudder. Additionally, during course-keeping tests at various wind
encounter angles and various gusting winds, the fuel efficiency of the ship fitted with the mariner Schilling
rudder was higher than that of the ship fitted with the mariner rudder. During course keeping under
windy conditions, the ship fitted with a mariner Schilling rudder covered a greater distance per unit amount
of fuel consumed; this difference was more prominent for the ballast draft condition. The rudder model
developed for the full load condition was also used to compare the performances of the mariner Schilling and
mariner rudders in the ballast draft condition. Since existing VLCCs exhibit better maneuverability for
ballast draft than for loaded draft, the trend of the results would not be expected to be different if an
accurate rudder model were to be developed for the ballast draft condition.

2. The scale effect is present on the tangential force of both single and twin rudders. In the case of a ship
fitted with a single rudder, because of the low tangential force, the power predicted by either considering or
ignoring this scale effect is nearly the same. However, in the case of a ship fitted with a twin rudder, the
power predicted by ignoring this scale effect may be about 8-9% (depending on the twin rudder
cross-section) higher than the case when the scale effect is considered.

3. A new method, the “proposed method”, of determining full-scale power of ships is developed, where the’
rudder tangential force and the model ship resistance are considered separately. It is shown by model and
full-scale experiments that the power predicted by the “proposed method” is also suitable for ships fitted

with twin rudder system.

4. For the “proposed method”, the MMG-type model is used for determining rudder inflow velocity. It is

shown that the coefficients of MMG-type model for rudder inflow velocity are different for single and twin
rudders. The MMG-type model for twin-rudder system is further refined and parameters which may be
different for other ship types are identified. The mutual interactions between the twin-rudder are
significant and influence the flow-straightening coefficient, so that it becomes asymmetric for starboard and

port turns.

5. For twin-rudder system, the “tail inboard angle” setting has an influence of about 0.5% on the full-scale ship

power. The cost function for tuning autopilot for single and twin-rudder system is different. The ship with
single-propeller single rudder system is more unstable than the ship with single-propeller twin-rudder
system. Therefore, it is expected that speed loss during course keeping for single-propeller single-rudder
system may be higher as compared to single-propeller twin-rudder system. Under external disturbance and
optimum autopilot, the speed loss during course keeping of ship fitted with single-propeller single-rudder
can be reduced however it may not be made less than that of single-propeller twin-rudder system.
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