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Improvement of Citadel Structure on Board Ship Using FDS
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Abstract: Recently, vessel hijacking by pirates has been a big issue around the world. In case of the hostages of M/V
“SAMHO Jewelry” on January 20, 2011, the Korean Navy has rescued 21 seafarers by first naval operation with somalia pi-
rates since establishment of the Navy. Also, in case of the “HANJIN Tianjin”, all crews evacuated to the Citadel promptly
when being attacking by pirates and were safely rescued by the navy. By the accident, Necessity of Citadel for seafarer on
board ship came to the fore against pirates. Taking in account increasing pirates accident at sea, many research relating to pi-
rates has been implementing with a view to responding to them so far. By amending the ship facility regulation in the domes-
tic law on Jan. 2011, the installment of Citadel on board ship became mandatory for ocean going vessel serving pirates area.
Hence, this paper provides new model of Citadel structure based on an Fire Dynamic simulation in order to improve personal
safety in case of vessel hijacking.
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Figure 1: A Danger zone of Piracy
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Table 1: Hijacking situation of foreign-flag ship sailors

korean nationals on board

Hijacking
day |Ship's name Nationality
No (Release | /Korean |ship's type Damages | Owner
day)
Hijacking in
075.15 NO 1 &2 Tangnia somalia
1 (,07'1'1 4) MAPUNO | (Fishing coast Korea
o / 4 Vessel) | Release in
173 days
Hijacking in
’07.10.28 | GOLDEN | Panama somalia
21(’07.12.12| LORI (Chemical coast Japan
) /2 Vessel) | Release in
45 days
Hijacking in|
08.11.15 CAMSTAR| Panama Gulf of
3 (,09' ) '13) VENUS | (Chemical | Aden Japan
- /6 Vessel) | Release in
88 days
Hijacking in
10.4.4 SAMHO | Marshall Indian
4 10 11 6) DREAM Islands Ocean Korea
o /5 (Tanker) | Release in
217 days
Hijacking in|
R GEUMMI | Kenya somalia
10.10.9 Y
5 C11.2.9) 305 (Fishing coast. Korea
/2 Vessel) | Release in
123 days
11.1.15 | SAMHO | Malta Tﬁf&?ﬁiﬁ
61, . JEWELRY | (Chemical Korea
(’11.1.21) /3 Vessel) Rescue the
6 days
MT Singapore HlJeIl:kmg m
7|°11.430 | GEMINI |(Chemical | . 2% |Singapore
Mombasa
/4 Vessel) sea
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Figure 2: Walking speed during fire
olgfgt TFAQ AT AAE Hgskd A IAdAzE
L AR AL 9F 1111 [sec], M=+2] SFPES 2|8} 14.7
=, AFobs A0S

ALdiFA skA AlEH oA
4.1 3tx§ AlZ2]|0|E{(FDS)

FDSE 3l sl A9 555 AAkstE CFD

Rd2A AEEe] d 35 thgh Navier-Stokes H7d 2
& FHE 74 Mt dERYRA I3 9719 55
= AxF UAAS ARtele ZEagel. AbEH
LES(Large Eddy Simulation) 5=+ DNS(Direct Numerical
Simulation)l] “F¥glo] HELAGA ] o3 o SHr)

Navier-Stokes §7 21> Equation (3)2} 2TH6].

o u v _ 1 op ot 3)
ot ! oz, ' p ox; oz 0
A7IA, w  Fk, f 0 AT el 9
g, op s dE, v o

42 2t A=g0|M

oA o A HA PR HANIAE AutoCAD
Z o]g3lo] A &3l FDSE A&-3ke] AlE#0]dS 1Y)
AeiAde= DXF A= SAlTs AAslor stns
AutoCADE ©]-8-3}] DXF S = ¥Est § 3x4¢ dd=
Al zbgic), Mgky 9}dS DXF2FDS ZZI13-& ]85
FDSO A 3= fl]r"‘i tﬂ%zﬂ FDSZ 01&6}04 A&
4, spAje] a7],

KR
=
AT S ; SABE B B G 2205 W

308



st AlEee] S o] &3 A

X&E EYFo=Z 2
F929] 18 [m] =
o Wil Aol $A8 A0 AR,

O 7} [m] x A& [m] x %] [m] 4.1 x 41 x 2.0

(01 o) 1;1—/0 85m2°] )
O AlEdolA Azt 50 %
O IAZE 10 [kW], 100 [KW], 1 [MW]
O skl A7 1 [m] x 1 [m]
O 714 &4 =24
O A= 25 [°C]

Figure 3: Simulation Area

o] Alg ol = T @A &
gk v et 2E= 60 [C1E
THAE A E U8, W, AT T
WA ©F 6 [m]ollA] A9 s @
Aetar AeH7. 2% SAWHLS FPAYHS ARS-SH

Equation (4)¢} 7tH8.

Q)

hy: A A [kW/m’]

Ap: B0 % WA [mijelch
43 Meb 23 4
431 MAWIN £0| 7t

ShA A Al dWe] Qe 2= H Ao o3t A2
ot} 3.2l A Brglnf C
i 7WAAR 6 [m] FRIF B8sith AF Ve 2E H

rﬂ

Famtd AP e A Axd Axs(2015.1)

SCEECEE

Aol et A

7INARE vl A 1.8 [mlollA] SAHsn &% F7F &
A7) AEFolA o= ulaﬂiﬁ‘r ApAol| Zeolste] o]
A E5E7] 918 ALdig A e wolE FrtstaAt ¢

. @dAe] AFTFY Fol 71Ed 2 m]E AFCE | [m]
A F7vste] Adl 5 [m]= A7 et g

gk A% 0.85 m2]9] TTEE AANIAA7F A= AS
I dH 25 H IMAAGE A% A= Table
and 37 29 =, I FEAIEES ALFSHA 8.2 [sec]o

(

S ¢
() OH, OJN_,

B ST 10 kWel A= 243 B sgele] it
o] 7Fsd Aom Yehstort 100 [kW]el A= 2o 44

3 [m]o] el M= dd 7HsAIRbe Z3tete] b3t Zlom
Uepskom 7iA A e A BE A9 7Ed Ao
= ouEhEeh gig SRl L MWIAE AF 7 e
4% 5 [m] ol Aol I 7Hs ARES wiSehs Zlow
vebst ot 7%17%1491 9= 4 [m] ol dellA] o vt
ABAIES e ez FAHUG 5, dddI A
EOE 4 m]OWJ Foll A2 Al A kel el &

Ao e,

Table 2: Time (sec) to reach a temperature of 60°C
(0.85m*person)

Max. Temp.(°C)
Height /Reaching time to Max. temp. (sec)
(m) / Reaching time to 60°C(sec)

10 kW 100 kW 1 MW

2 374 /50 /- | 113.6 / 49 / 5|462.8 / 36 / 3

3 334 /48 /- | 81.1 /46 / 16 | 3495/ 48 / 4

4 304 /44 /- | 652 /48 /45|281.6 /49 /5

5 267 /50 /-] 392/29 /- (2384 /42 / 14

Table 3: Time (sec) to reach the visibility range of 6m
(0.85m*person)

Min. Vis.(m)
Height /Reaching time to Min. Vis. (sec)
(m) / Reaching time to 6 m(sec)
10 kW 100 kW 1 MW
2 198 /50/-(32/49/15] 04/50/3
3 30/50/- |51/48/38| 07/47/6
4 30 /50 / - 70 /48 /- |08 /49 / 12
5 30/50/- | 112/47/-]10/507/19
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Table 4: Specifications of Sprinkler
MODEL : Upright K-25

OPERATING_PRESSURE :1.034214
K-FACTOR : 363

RTI : 50

C-FACTOR : 0.3
OFFSET_DISTANCE : 0.20
SIZE_DISTRIBUTION : 1

1000 2.43 0.6

Figure 4: Layout of Sprinkler
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