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Modelling of Oil Boom Failure using the Fluent

Suk Han, Bae

Department of Ship Operation Systems Engineering

Graduate School of Korea Maritime University

Abstract

Marine oil pollution attracts scientist’s attention because it can cause
much damage to the marine environment in short period of time. If oil
comes in marine environment, it is most important to tackle and recover the
oil as soon as possible. The oil boom is used to tackle the spilled oil at sea
and many kinds of oil boom are now developed and used.

The effectiveness of oil boom depends on how well it contains oil and
many factors such as water velocity, viscosity and density of oil, water
depth, oil volume, and the length of boom draft are known as the cause of
oil boom failure.

In this study, computer modelling was peformed to investigate how
those factors influence the oil containment process. The Fluent, most
popular one of many CFD(computational fluid dynamics) programs was
chosen for modelling tool. The modelling results were verified using the
empirical data. The result of this study are as follows.

As water velocity increases, the length of oil slick decreases while the

thickness of oil slick increases. Also, strong water velocity causes the



instability on interface between oil and water. As oil viscosity increases,
the instability on the interface between oil and water grows, but it doesn’t
cause the big difference in critical velocity for oil escape. As oil density
increases, the thickness of oil slick increases due to the effect of gravity
force, so that the big difference in critical velocity is resulted. In water
depth below minimum depth, the shape of oil slick is changed as water
depth changes. In water depth above minimum depth, the shape of oil slick
1s almost uniform. As oil volume increases, the length of oil slick increases
while the thickness of oil slick increases slightly. In the length of boom
draft below minimum length, drainage failure is occurred. Minimum length
1s determined by volume of oil. As length of boom draft increases, critical

velocity increases and shape of oil slick is changed slightly.
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Table 2-1 Types of oil boom and performance
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3. Fluent9 271

3.1 Fluent9 718

1990 o) =455 AAFH-A < 8HCFD, computational fluid dynamics)e] <
d FHY VXY AAES AFE] A EFE o] & Ut ¢FF T Eof
ol A A& /MEE CFDE 1 & B2 g EofollA F&3 AF=+2 43S
W gtk A4 e A8 CFD Z2ado] jtslo] o] &5 glon fA
55, 49 %2 dEFdx FA4 o et A &&= Uk o] dFelA e A&
CFD Z2 1% 3t2l FluentE ol &3t oYU & FHY &3 7159 &
A4S 2d Y39} Fluenti= 19831 Fluent Inc.oll 28] & 7HaE $lo

A4 AA T GEEAS ATes SR de Aed o 9o
Fluentw= ZA Al o2 7450 gl=dl, A2 (grid generator),

& A4 (flow solver), 18] 3l 7}A] 8} (graphical visualizer)7} Z17] o]t}

Fluent? % 745+ Reynolds Averaged Navier-Stokes WA 23 Wi
A

mdg WAAS x5 o7 Fo|uzitt. A ZA A (Cartesian coordinate) A
212
2>

B0 D
¥l 9 __ P, 3 oU; | 3,
ot U T o == Tox, T o, | e Cax, Tou, )| T8 (32)
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T Cartesian 23, 281 4 = FEHAEIT FEHE(y,)E TAHE

Wk FFHAE=(L)e Foz Fojdn

Lo = 1t 1ty (3.3)

Fluento] A ol2] /b4 dREAL A8t QA 54 g E ke

FEde 4% di

k1
rlr
O
o
1
10
ol
iy
o,
)

kZ
#i=0C, "= (34)
A71N, ke @AY dReEIIA, v A 28 i cE
A@ggolth, kot et Te 4EUANL Toowm AL 5 A

a_ _ad_ _ 0 M
at(pk)—l_ axi (IOUlk)_ axl( O axz)
0U; , 3U;, 3U;

() a ) ox, e (3.5)
0 _0d K _de
at(05)+ axi(pUie) ((7 ax )

0U; , aU; 3U, &2
+ Cle b :Ut( ax a ) ax - ngp b (36)

ANA €Ly Cps op LB g, & BF AP AT AWH O R FEHE

L

C,=0.09, C.=144, €,.=192, 4,-1.0, 5,13 (3.7)
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21 (3.1), (32) ¥ (35H)E Fztel dldiAE AAMA AW (control volume
method)& 22| 3L Al 7kol thal A= &3 (implicit method)& AF-&-3Fo] 242}
o

17
Arsact Arsd $9Ae G dndFe i) FAH02 o,

rob

3.3 VOF 299 o]&

Fluentel A= 7 7FA] o]/ke] A= 4olA &= FAY fFsad] 4§
AAe Xt FejrF #A o delths Rddstr] fal FAAA 2d
(VOF =¥, volume of fluid model)& A}F-8-3+c} o] &2 o] oA T4
of Sl 715 £ AAWAMY FE5dEdS st A ol

33 g o2 g5 #5222 (multi-phase fluid model) ¥ €2 VOF
= 2 (3.1), (3.2), (35) ¥ (3.6)= EE Aol dsiA FHoj ity 18
A FAGS RS flE AR A A S (volume fraction)S oWl sk= B
T EJgeh. wheF FrE 0ol 7)ol 7hSg A F7F 1o|¥ Eo] 7t5gt
A el an FrF 03 1 ARelS] gelw =3 V1=

EHa 25e olv)
sho}. dutx o g = F3a AI7Fe] Shgeoln thg HEWRA Ao o) A )
A,

oF . .. oF _ 3.8
ot T U5y, =0 (3.8)
of MAAL £ yrt ol vF &l AF AR (explicit time

marching scheme)ol|l &3] Zo]Xt}h, A|7HR & oA Akl oA S &
B3}l7] 93] Courant-Fridrich-Lewy(CFL) 4+ 1X.t} #olok &=t Fluent
v AsH oz olF AAsta At A w4 (3.1), (3.2), (35) 2 (3.6)
= AA ARG we Fa o the 2 AdaE ol S 7 AN
E= 2 EFE] AAtel bA ol &¥th el AutA A (3.1), (3.2), (3.5)
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2 (3.6) Wel B= pof EAFE pgke Fgtel os) A 24

o=Fp,+(1-Fp, (3.9)

p=Fp,+(1—F)y, (3.10)

oA7IA, ok HA oot we A4 7IEH B AV FEe V2R V&
I E Aol AAME EA FAE & A NS £ UdH e
E] = (vector plot), % X =(contour plot) =+ &9 = (profile plot) 5 & ¥*3%
gh ool EHoR F3 e bl TSR JHAEE 7 Qi olF I"HS o

=
gate] HELS AUHoZ BAT F
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