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Abstract

A two-dimensional numerical method for inviscid two-fluid flows with a significant
entrainment into both directions is established, and the oil leakage from a non-pressurized
underwater pipe is studied. The interface between two fluids is modeled as a vortex sheet.
The flow field and the subsequent interface evolution are solved by using the vortex-in-cell
method. For longer flow simulation with a realistic two fluids interaction, an efficient
merging scheme is introduced. In the Boussinesg limit, the speed of the external fluid
intrusion into the pipe is very close to the existing mathematical models, and the lock
exchange is observed in spite of a significant roll-up of the interface and entrainments. It is
believed that the developed method can be utilized effectively for further detailed studies on
various two-fluid flows which are encountered in many different marine oil spill problems.
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Fig.1 Front structures with different grid resolutions. From the top, 10, 20 and 40 grids

are used at the exit of the pipe.
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Resolution test with 10, 20 and 40 grids at the

exit. Circles: leading edge positions in time,
triangles: volume drained from the pipe.
Numbers are dimensionless.
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Fig.3 Front structures in time w/o (left) and w/ (right) merging. The distance and

angle parameters are 0.2 and 20 degrees,

element.

respectively. ne: number of front
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Fig.4 Comparisons of the velocity and vorticity fields w/ and w/o merging.
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Fig.5 The effect of the merging parameter, threshold spacing. Left is with 0.4 and right is
with 0.2. The criterion for the difference of inclination angle between two elements is
fixed at 20 degrees for both cases.
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Fig.6 Time sequency of an oil discharge from a pipe. Merging is used. A=0.1. 20
grids are used for the exit, and 0.4/20degrees are merging parameters.
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Fig. 7 Flow characteristics from the long pipe

simulation. Circles: leading edge positions in
time, triangles: volume drained from the pipe.
Numbers are dimensionless.
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