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Abstract of Thesis
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Estimation of broaching danger probability using experimentally obtained wave forces and moments
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Abstract of Thesis

In this thesis, the simulation models for the estimation of broaching probability of tumblehome and
flare topside vessels were improved using the wave—induced forces and moments measured in captive model tests
Then, the effect of above-waterline hull shape on broaching danger in the North Atlantic were numerically
investigated.

The introduction of the research is described in the first chapter.

In the second chapter, the simulation models for the estimation of broaching probability of the
tumblehome and flare topside vessels were improved using the wave—induced forces and moments measured in captive
model tests. Broaching is a stability failure that involves many force components. Wave—induced forces, in
particular, play an important role in the estimation of broaching, and it is necessary for these forces to
be estimated accurately. Therefore, captive model experiments of wave forces in regular waves were conducted
for both vessels. Empirical correction factors of the wave forces for different wavelength to ship length
ratios and heading angles were obtained; the difference between theoretical calculations and experimental
values obtained in the present were used to develop these factors. A comparison study before and after using
the empirical corrections was carried out with existing and newly conducted free-running model experiments
for the tumblehome vessel in regular waves. The results indicate that the numerical simulation after using
the newly obtained corrections has better agreement with the experiments.

In the third chapter, a study on the impact of the changes to the empirical corrections was carried
out with existing and newly conducted free-running model experiments for both vessels in irregular waves.
After confirming that the upgraded simulation models can predict the reasonable broaching probability in
irregular waves after using the newly obtained corrections, the effect of above-waterline hull shape was also
investigated. To indicate the danger of broaching, the probability of a broaching—induced large roll angle
of the two vessels was also examined along with the probability of broaching. The probabilities were calculated
as the functions of the autopilot course, speed and rudder gain because the master of the ship could choose
these operational factors to prevent broaching. The results indicate that the tumblehome topside vessel is
a more dangerous vessel because of its smaller calm water resistance and calm—water damping coefficients in
sway and yaw.

In the fourth chapter, the reason of discrepancy of wave forces between experiment and theoretical
calculation was attempted to explore by considering the effect of separation vortices. The sway force and
yaw moment formulae with doublet and separation vortices in waves were derived based on Hamamoto’ s theory
of the hydrodynamic 1ift force. Then, the vortex strengths and positions in waves to be used in the derived
formulae were obtained by analyzing the existing CFD (Computational Fluid Dynamics) calculation. The numerical
result indicates that the calculation with the effect of separation vortices in waves cannot quantitatively
explain the reason of discrepancy between theory and experiment, but it could qualitatively describe the reason
of discrepancy between theory and CFD.

In the fifth chapter, the conclusions are mentioned
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