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LNG has significant advantages in regard to environmental aspects comparing with conventional fuel ail, In fact, it is estimated
that NOx and SOx emission can be reduced by about 90% and 100%, respectively in case of using LNG as a fuel, LNG—fuelled
ship has been considered to be the best option both from an environmental and an economic point of view, Along with these
trends, some major shipyards and Classification Societies have started to carry out the risk—based system design for
LNG—fuelled ship such as passenger ship, platform supply vessel and large container vessel etc. However, new conceptual gas
fuelled ship has high risk level compared with vessel using traditional crude oil especially in view of gas explosion accident,
Therefore safety area where installed fuel gas supply system is required risk based system design with special considerations,
On this paper, the entire process necessary for the guantitative risk analysis was explained to meet the satisfactory safety level
of gas fuelled ship,

Keywords : Gas fuelled ships(7FASEIMEN  Fuel gas supply system(ZIAAZZZAIAHN  Risk  assessment(YS=ET)),
Quantitative risk analysis(EZA QS E silAN). Computational fluid dynamics(FIALSH|SASH
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DEMAPIM HMAISH 2 S5 AIARI(FGSS: Fuel Gas
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Table 1 Definition of severity index
Consequence

Incidental | Minor Serious Major phi

1 2

Frequent
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Seldom

Frequency

Remote

Unlikely

2.2 HAZID Result
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Table 2 Distribution for hazard category
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Table 3 Specific number of the identified hazards
classified by the risk ranking

Risk ranking Number of findings
H 5
M 15
L 27

Not ranked 3

% The high risk (H) ranked hazards are 5 in total:

— Crew error in LNG handling;

— Aggressive attack on LNG fuel tank;

— Location of FGS room (close to accommodation, etc);
— Access/exit to FGS room; and

- Frequent leaks in FGS room
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Fig. 3 PFD for gas fuel supply system ref. DSME
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Table 4 Result for leak loss in case of 4 scenarios CFD sliAME FHSIRICL ZV|HHZHOZM ZIZRIEEE
Scenario | €3 Vent Leak Total (emergency_valve)gl_%ﬁ. %%_ 12{510{ 7HAFE0| oF 82
size(%) | loss(Ton) | loss(Ton) | loss(Ton) 2 XEE 2 2 RICkEn] £27|= MAF ZS0| [K|EHEE
100 370 202,694 0.54 MAsICE
1 50 415 90,333 0.57 FGS roomS £x[sA0IM QFsk= 7HAke| 3-DREE 5t
20 437 16,693 0.58 3P| 2fall CATIA 2! ANSYS-CFXJ| X2=|%ion] ZIlE Fig.
100 407 229,395 64 5~60f LIERRICE 3-D2EDt AAE MAMSIT ZAEAS 2
2 50 446 105,528 29 MEt = AAXAS EMo| w2} Mes LEnHs NI
20 440 17,198 5 olof| w2 AX}e| QualityE EZEeHESE S (ANSYS, 2010).
100 407 229,395 N/A £ siAMollM ARBEl Hf ZHE k-e turbulent model0|0f Z{X}
3 50 446 105,528 N/A o F7|= Y1009 =Zof XMolot=R MAMSIFCt (Wilcox,
20 444 17,198 N/A 2005). siAoll AFREl Z{XMYMof= -Cem CFDE 0|231%12
100 433 309,518 649 o, HH ZXo|l= Prism meshE F=2lofl= Tetra mixed mesh
4 50 444 107,803 242 £ AIBsIn, Al AXg== 2k 11,000,000710]c},
20 442 17.231 41 Fig. 60l EAIE 7tA FEFZ20IM AlL2|20]| 2 JIA F+
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of Zul= AL2|2 22 tAA510], 1X2} 8= 7t &= 7
o ME =lolgh o= UCt ol2fst AT AEE JIAFERS
HSEe=A Zufe| MM Ci e = QTS SNt N6.1 HBAUMD 0.3 P pump
AIZEIOl ZESSE TR W 7 X FEYS oSl | #lol Fig. 5 Result of 3-D modelling for FGS room
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Fig. 6 Height of leakage on the 3-D modelling for
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s melel MEE Table 501 712Fs| Helsiien] miso|
oI5t TIA FE ALZIRE ST ZIE vigeR MESI
Table 30l LIERAACE. F 2SRA= 37(2F MIE0|H] HER]
EMAL 2F | FL(Low Flammable Limit) 5.5vol%~UFL(Upper
Flammable Limit) 14vol%ollA] QIStME JTIXIEZ 2 dfj4ajel &
Az2| 2pHollAM= 50,0000pm O&HS 7|ES 2 H|E THRZ 2
TE St eV|EeN ¥ LM E AESINICE
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Table 5 Specification of 3-D domain for CFD analysis

Numerical domain

FGS room 14m(W) x 6m(L) x 2.5m (H)
size
Total element 11,000,000
Mesh type Tetra mesh & Prism mesh
The air ventilation rate is set to
Ventilation provide at least 30 air changes per
hour(IGF code)
Pressure The space is always in a state of
type positive pressure
Exhaust PR
(Outlet) 1.83 kg/s in air
Inlet Atmospheric pressure
Condition Leak and dispersion in FGS room

Table 6 4 scenarios for gas release CFD analysis

Hole Time to Mass flow | Mass flow
No. Diameter leak[s] of air of CH4
[mm] [kg/sec] [ka/sec]
Case 1 12.7 8 1.5 0.09
Case 2 25.4 8 1.5 0.39
Case 3 38.1 8 1.5 0.89
Case 4 50.8 8 1.5 1.59
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Fig. 9 CH4 concentration at measuring points for
case 2 (Gas leak rate: 0.3978 [kg/s])
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Fig. 10 CH4 concentration at measuring points for

case 3 (Gas leak rate: 0.8951 [kg/s])
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Fig. 11 CH4 concentration at measuring points for
case 4 (Gas leak rate: 1.5912 [kg/s])
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Mass Fraction of CH4 in range (Case 1, Top view, 8s)

Mass Fraction of CH4 in range

(Case 2, Top view, 8s)

Fig. 15 Concentration of CH4 for case 4, top view at 8s
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Fig. 16 Time variations of CH4 mass fraction at
center measuring points for 4 cases (0~120

seconds)
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Fig. 17 3-D model for the explosion analysis
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Fig.

18 Mesh generation for the explosion analysis

Table 7 Information for the analysis domain

Blocked volume 50.59 [m®]
Total volume 368.725 [m®]
Equivalence ratio 1

Oxygen contents, volume
% 02 of O2+INERTS

Flammability limits,
equivalence ratios (ER)

02/(02+IN) 20.95 %

LFL % 0.531 100.0
UFL % 1.722 324.4
LFL % 0.347 100.0
UFL % 0.633 182.4

Flammability limits,
equivalence ratios (EQ)

Table 8 Gas cloud status

Cas Amount | Methane Flammab
cloud ) ility
No ) of gas | composit -
size [kal ion [%] limits
[m®] [%]
Case 1 0.25 0.00077 91.53 0.531
Case 2 0.5 0.008 91.53 0.531
Case 3 0.75 0.025 91.53 0.531
Case 4 1 0.067 91.53 0.531

A c’*340| L=l solgt 4= U
Qict ol RlEof ekst AET| Sol EV\ = E ACZ 2
B{EICt FELRfS He|5HH Table 9, Flg 233’4 Zct 0|
£ &3

P [barg)
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0.0003—
0.0002~

10,0001~

0.0001—
00002~
0.0003—
0.0004—

0.0005—

T T #Time
0.00 006 010 015 0.20 026 0.30 035

19 Explosion overpressure curves as a function
of time for case 1(gas cloud size : 0.253 m)

Fig.
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Fig. 20 Explosion overpressure curves as a function
of time for case 2(gas cloud size : 0.53 m)
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Fig. 21 Explosion overpressure curves as a function
of time for case 3(gas cloud size : 0.753 m)
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Fig. 22 Explosion overpressure curves as a function
of time for case 4(cas cloud size : 1.03 m)

Table 9 Result of explosion analysis as a function of
time on the monitoring point 1-4 for 4 cases

Explosion overpressure[barg]
Case 1 0.0006
Case 2 0.0014
Case 3 0.0022
Case 4 0.006
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