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Numerical Analysis of Acceleration of a Free-fall Lifeboat Using the MPS Method
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The acceleration of a free-fall lifeboat at water entry was numerically calculated employing the moving particle semi-
implicit method in three dimensions. This method has an advantage in treating the large deformation of the water surface,
the splash of water at water entry, and the rigid-fluid interactions. The simulated acceleration was evaluated in the normal
and axial directions of the lifeboat. The simulated time history and the maximum value of the acceleration were close to
those obtained experimentally. The effect of the skid angle was investigated using the method.

NOMENCLATURE

d1: vertical distance from the ship bottom to the bow tip
g: acceleration of gravity
Eg: acceleration vector of gravity
G: position of the center of gravity

KG: vertical distance from the keel to the center of gravity
ni: particle number density of the i-th particle
n0: constant of particle number density
P : pressure
Er : position vector of a particle
r : distance between particles
re: radius of the interaction domain
t: time
Eu: vector of flow velocity
w: weight function
Z: number of spatial dimensions
�: arbitrary quantity
�: parameter of the Laplacian model
�: viscosity coefficient
�: pitching angle
�: fluid density

INTRODUCTION

Crews are able to quickly evacuate ships in free-fall lifeboats
(FFLBs) in an emergency. FFLBs are located on a slide at the
stern. Since FFLBs are launched without boat-falls, the launching
time is shorter than that for conventional Davit-launched lifeboats,
which are lowered using boat-falls. Therefore, bulk carriers, which
can sink quickly in case of an accident, are equipped with FFLBs.
However, there have been accidents involving FFLBs at water
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entry. When the lifeboat enters the water, there can be a significant
acceleration and injury to occupants.

Estimating the acceleration of an FFLB is important for design
and safe operation. Therefore, the acceleration of FFLBs has been
studied by researchers. Nelson et al. (1988) experimentally stud-
ied accelerations of an FFLB at several different launch angles.
Tasaki et al. (1990) and Ogawa et al. (1992) developed numerical
simulation methods for falling motion of FFLBs. Nelson (1991)
developed a mathematical model that can be used to predict the
launch behavior of FFLBs from the time the boat is released until
it is in the water. Boef (1992a, 1992b) developed a theoretical
model for simulating the water entry of FFLBs on the basis of
concepts of momentum balance and added mass. Arai et al. (1995,
1996) developed a mathematical model on the basis of momen-
tum theory and computed the falling motion of an FFLB. Nelson
et al. (1995) quantitatively studied the launch behavior of FFLBs
with particular emphasis on the effects of changes in the location
of the center of gravity. Nelson et al. (1996) studied the injury
criteria for FFLBs. Li et al. (2008) numerically simulated water
entry problem in three dimensions by LVOF. Ré et al. (2008) car-
ried out field trials of a lifeboat in ice conditions.

The acceleration depends on the shape of the lifeboat and
the various launching conditions. Furthermore, we need to take
account of nonlinear phenomena such as splash and large defor-
mation of fluid at the water entry. Therefore, the computational
fluid dynamics approach based on particle methods, such the mov-
ing particle semi-implicit (MPS) method (Koshizuka and Oka,
1996) and Smoothed-particle hydrodynamics (SPH) (Lucy, 1977;
Gingold and Monaghan, 1977), is promising for such nonlinear
problems with a free surface. For example, Shao (2009) simulated
a water entry problem of a free-falling wedge using the incom-
pressible SPH method (Shao and Lo, 2003) in two dimensions.
In this study, the MPS method was employed to develop a robust
and versatile tool for the water entry problem of FFLBs, and the
accuracy was validated. Using the present method, the effects of
the skid angle and the number of passengers on the accelera-
tion were investigated. The MPS method is a particle method for
incompressible flows and has an advantage in treating the large
deformation, coalescence of fluids with free surfaces and rigid-
fluid interactions.




