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Numerical analysis of the performance of anchor-type liquid spill stopper

to prevent oil leakage from damaged ships
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Abstract: In 2007, a large volume of crude oil was spilled following the collision of the VLCC Hebei Spirit near the port of
Daesan on the Yellow Sea coast of Taean County, South Korea. Technology to effectively prevent the leakage of crude oil
owing to marine accidents has been ongoing for years. Recently, devices such as the anchor type liquid spill stopper have been
developed in response to these incidents. Numerous experiments have been conducted to verify the performance of such
devices. In this study, an experimental method wherein a water tank is pressurized to satisfy the actual hydrostatic pressure at
the puncture site on the hull was compared to an experimental method using gravity to satisfy the hydrostatic pressure. The
comparison was performed using computational fluid dynamics based on the finite volume method. The flow characteristics in-
side the tank for punctures of various shapes and the pressure changes in the cross-sections of the punctures were investigated.
Furthermore, the drag forces acting on the anchor were compared between the pressurized water and gravity tank.
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(a) Pressurized water tank

Table 1: Numerical methods for simulation
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(b) Gravity water tank

Figure 1: Boundary conditions and gird system
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Figure 2: The geometry of anchor
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(a) Circular hole

(b) Inverted triangular hole
Figure 3: Grid structures for anchor and hole
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(e) Velocity w/o anchor

(c) Pressure at hole w/o anchor

(a) Pressure w/o anchor
(f) Velocity w/ anchor

(d) Pressure at hole w/ anchor

(b) Pressure w/ anchor

Hbsolute Total Pressure [Pal: 101326 11325 121326 131325 141326 154325 164326 1711325 184326 Absolute Total Pressure [Pal: 10125 108825 15326 123425 11306 118826 146326 153805 11325 161826 176326

Figure 6: Comparison of pressure and velocity distributions between without and with anchor at the circular hole in the gravity
(e) Velocity w/o anchor

water tank

(c) Pressure at hole w/o anchor

(a) Pressure w/o anchor
(f) Velocity w/ anchor

(d) Pressure at hole w/ anchor

(b) Pressure w/ anchor
Figure 7: Pressure and velocity distributions in inverted triangular hole using gravity water tank
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Table 2: Drag on anchor

N

Type Drag [N]
Pressure Tank Circle 181,513
) Circle 15,098
Gravity Tank -
Inverted triangle 13,736
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