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Abstract of Thesis

Offshore supply vessels are characterised by an extended low weather deck with an open aft end, that is prone
to water accumulation during the vessel’s operation in high waves, which can affect its stability. The present
interim guidelines of the second generation intact stability criteria, excludes vessels with an extended low
weather deck from the application of the vulnerability criteria of pure loss of stability, due to the likelihood of
water on deck situations, the physics of which is not considered in the criteria. However, the quantitative
definition of low weather deck vessel is yet to be established.

In this dissertation, the effect of trapped water on deck, on the stability of an offshore supply vessel, is
systematically investigated using a combination of free running model experiments and simulations. Model
experiments were conducted in regular and irregular stern quartering waves, and the trapped water on deck is
monitored using a combination of pressure sensors and cameras. The phase difference between the time histories
of ship roll motion and trapped water motion is analysed; and the variation in the nature of moments
(static/dynamic) caused by the trapped water motion, with ship speed and wave conditions is confirmed.

A numerical model for the deck water flow problem is developed based on shallow water flow theory and finite
volume method and is validated using data from the model experiments. Additionally, the moments generated by
the motion of trapped water on deck, as estimated by the numerical model, is verified by executing similar
simulations using a commercial CFD solver. The numerical model for the deck water flow is further coupled with
a 4-DOF ship motion program and validated against the results from the model experiments. The coupled model
is utilised in a systematic study, in which the freeboard height of the low weather deck is changed, to understand
its influence on the water on deck effect.

The novel set of model experiments conducted in this research helped to confirm the presence of damping due to
the trapped water motion and its influence on the roll motion. The results from the coupled simulations helped to
establish an extended definition for the low weather deck, which can serve as a guideline for the application of the
vulnerability criteria for the pure loss of stability. The coupled numerical model with further improvements can
also serve as a tool for the direct stability assessment of low weather deck vessels with trapped water on deck.
This dissertation is divided into the following chapters:

Chapter 1 introduces the state of the art, motivation for the present study and contributions.

Chapter 2 describes the free running model experiments with monitoring of trapped water motion on the weather
deck. The variation of maximum roll angles with ship speed and wave conditions is investigated and the phase
difference between trapped water motion and ship roll motion is quantified through cross-spectral analysis.
Chapter 3 presents the development of the model for trapped water motion on the weather deck, using shallow
water flow theory and its numerical implementation using finite volume method, for the case of regular waves.
Systematic validation of the numerical model using prescribed motion data of weather deck, measured during the
various stages of the model experiments that involved open and closed openings, is also presented.

Chapter 4 reports the verification of the moments estimated by the numerical model for trapped water motion,
using the commercial unsteady Reynold’s averaged Navier Stokes solver, provided by STARCCM+ software.
Chapter 5 details the coupling of the deck water flow model with the existing ship motion model for the regular
wave situation, its validation using the systematic model experiment data and application of the coupled model to
develop the extended definition of low weather deck, by comparing results of the direct stability assessment and
vulnerability criteria.

Chapter 6 summarizes the dissertation, highlighting the key contributions, limitations, and future scope.
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