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A Preliminary Study for the Prediction of Leaking—Oil

Amount from a Ruptured Tank
by
Wu-Joan Kim" and Young-Yeon Lee”
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Abstract

When an oil-spilling accident occurs at sea, it is of the primary importance to predict
the amount of oil leakage for the swift response and decision-making. The simplest
method of oil-leakage estimation is based on the hydrostatic pressure balance between oil
inside the tank and seawater outside of leakage hole, that is the so-called Torricelli
equilibrium relation. However, there exists discrepancy between the reality and the
Torricelli relation, since the latter i1s obtained from the quasi-steady treatment of
Bernoulli equation ignoring viscous friction. A preliminary experiment has been performed
to find out the oil-leaking speed and shape. Soy—bean oil inside the inner tank was ejected
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into water of the outer tank through four different leakage holes to record the amount of
oil leakage. Furthermore, a CFD (Computational Fluid Dynamics) method was utilized to

simulate the experimental

situation. The Navier-Stokes equations were solved for

two~density flow of oil and water. VOF method was employed to capture the shape of
their interface. It is found that the oil-leaking speed varies due to the frictional
resistance of the leakage hole passage dependent on its aspect ratio. The Torricelli factor
relating the speed predicted by using the hydrostatic balance and the real leakage speed
is assessed. For the present experimental setup, Torricelli factors were in the range of

35% ~

55% depending on the aspect ratio of leakage holes. On the other hand, CFD

results predicted that Torricelli factor could be 52% regardless of the aspect ratio of the
leakage holes, when the frictional resistance of leakage hole passage was neglected.

Keywords: Oil leaking, Tank, CFD, Torricelli factor, Aspect ratio
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Fig. 1 Schematics of inner and outer tanks
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The effect of wall thickness on oil height decrease
while leaking through a side hole

nr
&0 -
» X
- 0k
E -
E |
- [
@& &
37
b4 [
g 0 ..,./_--. 12mm X 12mem (1$mym tick wall)
oo} [ -7 a 12mm X 12mm { 0 o thick wall)
= . 7 e = = = 24mnX Gmm (1Smm thick wall)
S k- a 24mm X 6men (0 mm thick walt)
A <2V T 36mm X mm (KSmm thick wall)
t v Sémm X 4mm (0 mum thick wall)
0= = e = 48mm X Imen (1Smen thick wall)
b > 48mm X 3mm (0 mm thick wall)
F i@ Torricelll (factor-1.0)
0 i n s b b e s B o by )
0 10 20 30 40 50 80 70
Time(sec)

A2FE 9

Fig. 6 The effect of wall thickness(CFD results)
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