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Numerical investigation on oil spill from damaged riser

using CFD
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Numerical investigation on oil spill from damaged riser
using CFD

Hyo Ju Kim

Department of Ocean Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

When a riser is damaged, the oil spills to sea. QOil spills cause huge
economic losses as well as a destruction of the marine environment. To
reduce losses, it is needed to predict spilled oil volume from risers and the
excursion of the oil. The present paper simulated the oil spill for a
damaged riser using open source libraries, called OpenFOAM. To verify
numerical methods, jet flow and Rayleigh-Taylor instability were simulated.
The oil spill simulated for various damaged leak size, properties, damaged
vertical locations of a riser, and current speeds. From results, the
maximum excursion of the spilled oil at the certain time was predicted,

and a forecasting model for various parameters was suggested.
KEY WORDS: Computational fluid dynamics (CFD), Jet flow, Qil spill, Open source
library, Rayleigh-Taylor instability, Riser
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Fig. 4 Typical mesh for jet flow
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Fig. 6 Velocity profiles of jet flow for turbulence models
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Fig. 7 Velocity profiles of jet flow at x/d positions

7t mee] 42 Ase AsE ARAFR squared, RHZ Wmstgich A4
Al

Ri=1——" (40)

A7, y= FANA AR, fr,)E NAAE JEbAT Table 12 GdREDE
AAATE AHEd Ao =2 standard k—e modele 0.94017F vkar, SST k—w
model-2 0.9954, LRR model& 0.99797} vtk ¢ A4S Z3] LRR model
AAATF7Y 7+ %71] U A st AE fse 7 & Q53
LRR model& 712 &= A2te dEndz MAFPT)

Table 1 R-Squared of jet flow for turbulence models at z/d =20

standard k—e SST k—w LRR
model model model
R-Squared 0.9401 0.9954 0.9979
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2.2.2 Rayleigh-Taylor instability
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He A 83le sttt Fig. 9+ Alztel wE Rayleigh-Taylor instability 3)
AATRE YepdT. AlZh M E A5 W3k He et al. (19993 fARSHA|
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Fig. 8 Initial condition and typical mesh for Rayleigh-Taylor instability
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Fig. 9 Evolution of fluid interface (Ieft-He et al. (1999); right-present)
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(a) Boundary conditions and domain extent

(b) Typical mesh
Fig. 10 Boundary conditions, domain extent and typical mesh
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Fig. 11 Current velocity profile and contours

Collection @ kmou



160

120

¥y (m)

200
x (m)
LI [
p 0 300000 600000 900000 1200000 1500000
Fig. 12 Hydrostatic pressure contours
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Table 2 Summary of simulation cases

Oil density ol le?;jif rate Currept Leakage Leakagg
(ko) (Volume flux of v(eTIT(l)/c;gy hol(emilze hole (;T)s)snglon
leakage oil (m?/s))
Casel 710 2 (0.003925) 0.4 0.05 75
Case2
(standard 740 2 (0.003925) 0.4 0.05 75
case)
Case3 770 2 (0.003925) 0.4 0.05 75
Case4 800 2 (0.003925) 0.4 0.05 75
Caseb 740 2 (0.003925) 0.2 0.05 75
Caseb 740 2 (0.003925) 0.3 0.05 75
Case? 740 2 (0.003925) 0.5 0.05 75
Case8 740 2 (0.003925) 0.6 0.05 75
Case9 740 2 (0.000628) 0.4 0.02 75
Casel0 740 2 (0.001413) 0.4 0.03 75
Casell 740 2 (0.002512) 0.4 0.04 75
Casel2 740 2 (0.005652) 0.4 0.06 75
Casel3 740 2 (0.003925) 0.4 0.05 37.5
Casel4 740 2 (0.003925) 0.4 0.05 112.5
— 96 —
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Fig. 13 Oil spill process from damaged riser to free-surface for standard case
(Case 2)
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Fig. 14 Qil spill process from damaged riser to free-surface for case 1
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Fig. 15 Qil spill process from damaged riser to free-surface for case 3
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Fig. 16 Qil spill process from damaged riser to free-surface for case 4
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Fig. 17 Qil spill process from damaged riser to free-surface for case 5
(g max = 0.2m/s)
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Fig. 18 Qil spill process from damaged riser to free-surface for case 6
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Fig. 19 Qil spill process from damaged riser to free-surface for case 7
(g max = 0.5m/s)
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Fig. 20 Qil spill process from damaged riser to free-surface for case 8
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Fig. 21 Qil spill process from damaged riser to free-surface for case 9 (d = 0.02m)
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Fig. 22 Qil spill process from damaged riser to free-surface for case 10 (d = 0.03m)
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Fig. 23 Qil spill process from damaged riser to free-surface for case 11 (d = 0.04m)
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Fig. 24 Qil spill process from damaged riser to free-surface for case 12 (d = 0.06m)
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Fig. 25 Qil size for various damaged leak size
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Table 3 Qil size for various damaged leak size

Horizontal distance 40m .
i Qil size (m)
(from inlet)
0.02m 6.5
0.03m 7.5
0.04m 9.5
0.05m 12.5
0.06m 14
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Fig. 26 Qil spill process from damaged riser to free-surface for case 13 (h = 37.5m)
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Fig. 27 Qil spill process from damaged riser to free-surface for case 14 (h = 112.5m)
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Table 4 Simulation case results

Oil leakage rate

Leakage

Leakage

Horizontal

Oil | Current (m/s) . o
density | velocity | (Volume flux of }slleee (?s(i)‘z;n T(lm)e H&;g{:ﬁf;
(kg/m®)| (m/s) leakage oil ( p 5
R m) (m) (m)
(m*/s))
Casel 710 04 2 (0.003925) 0.05 75 189 133
Case?
(standard | 740 0.4 2 (0.003925) 0.05 75 191 132
case)
Case3 770 0.4 2(0.003925) 0.05 75 194 130
Cased 800 0.4 2 (0.003925) 0.05 75 198 120
Caseb 740 0.2 2 (0.003925) 0.05 75 138 69
Caseb 740 0.3 2 (0.003925) 0.05 75 182 120
Case7 740 0.5 2 (0.003925) 0.05 75 245 196
Case8 740 0.6 2 (0.003925) 0.05 75 311 265
Case9 740 04 2 (0.000628) 0.02 75 416 235
Casel0 740 04 2 (0.001413) 0.03 75 301 208
Casell 740 04 2 (0.002512) 0.04 75 212 150
Casel? 740 04 2 (0.005652) 0.06 75 181 128
Casel3 740 04 2 (0.003925) 0.05 375 304 185
Casel4 740 04 2 (0.003925) 0.05 112.5 91 70
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