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The Application Study for Ship's Fire Fighting
System with a Next Generation of Fire

Extinguishing Agent

Dong-Ju Cho

Department of Mechanical System Engineering

Graduate School, Korea Maritime University

Abstract

The new fire extinguishing agent (Novec 1230) has been developed as
an alternative to Halon system of which production had already been
ceased at the end of 1993, under the agreed regulations made at the
Montreal Protocol in November 1992.

It 1is known that the new agent contains no Bromine(Br) or
Chlorine(Cl) and has an Ozone Depleting Potential of zero. This new
agent system utilizes one or more storage containers arranged to
provide the protected area with a pre-determined quantity of gases.

The reasons why many industries are interested in the new fire
extinguishing agent(Novec 1230) can be explained by Ozone Depletion

Potential (ODP) and Global Warming Potential (GWP).
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It 1s said that the fire extinguishing agent rapidly extinguishes
fire through a combination of heat absorption(main action) and an
element of chemical reactions with the flame.

This new fire extinguishing agent 1s considered as safe for people
with large safety margin without environmental pollution. Recently,
this has been introduced as fire extinguishing agent for ship's
electric spaces and also total flooding fire extinguishing system

for engine room.

In this study, practical and empirical guidelines are constructed
for further usages of the new fire extinguishing agent following the
standard guidelines of @ the manufacturer. As the practical
installation of the new agent system on board, the fire fighting
system of the Qatar LNG carrier was tested as a benchmark.

It has been found that the application of new fire extinguishing

agent 1s very similar to Halon systems in general. But, following

main design criteria should be considered before actual and detail

design of the new fire extinguishing agent.

® Room integrity should be based on the concept of the gas tight
door and “A-0" steel bulkhead.

® Damper control of ventilation to each protected space should be
considered to have separate air tight concept.

® Modular design or banked design should be selected for the actual

design of machinery room layout.
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Fig.1 Schematic diagram of high expansion foam sSystem
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Fig.3 Working principle of foam generator
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Fig.17 Modular design X

Fig.18 1SO drawing for modular design

Fig.19 Schematic diagram of modular design

Fi1g.20  Schematic diagram of engine control room (modular)
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Fi1g.23 Schematic diagram of main switchboard room (modular)
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Table 1 Environmental of flooding agent

Agent 0O.D.P G.W.P A.T.L
Halon 1301 10 - 16 6900 ~ 65 years
CO; 0 1 -

HFC 227 ea
(FM200) 0 3800 36.5 years
Hi-ex foam 0 0 biodegradable
Inert gases 0 <1 n/a
(Inergen)
NOVEC1230 0 1 3 - 5 days
ODP = Ozone Depletion Potential (L& 33 %4/ Montreal & <)
GWP = Global Warming Potential (A 723 x4/ =m3 <)
ATL = Atmospheric Lifetime (th7]e] A &&= A7)
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Foam Central Protected Space

Foam/w ater line

Foam tank Foam line
@ B4 Mixer vk

Foam pump

Foam Generators

Water line

from HiFoam fire pump

Fig. 1 Schematic diagram of high expansion foam system

Fig. 2 Picture of high expansion foam system flooding



AIR

FOAM / .
WATER ™

SOLUTION FOAM

AlIR

Theoretical

Actual during test

Fig. 3 Working principle of foam generator



2.1.3 Water Mist System
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Table 2  Safety of flooding agent
Agent Use Conc. NOAEL Safety Margin
Halon 1301 5% 5% Nil
CO2 30% < 5% Lethal
HFC 227 ea . . .
(FM200) 8.7% 9% 3%
Inert gases | 4q_ 40 43% 7 - 13%
(Inergen)
Novec 1230 5.85% 10% 71%

* Noael : No Observable Adverse Effect Level




2.2.2 884 B4

Fluorinated ketone®] 38+ %= Fig. 4 ¢ gow, HsAAo|q,

©E A5 (ODP)L AL FEA (P EAGRL A F-al g 23}
AE AUG Froh W0 2BFE dety 54 AW A8Y

AstAAE G A AT

C,F,0(carbon, fluorine, oxygen)® AW w<$ otAHwE FTx=2 A
AwAol 0 o2 A7]dagule] ds EA7F glo], wheAl 4o &
AArE giAdoln 53], FHAFHS ¥ (cooling)FHA 0w ARG
ALER WE 2] Hofd A Abgo] e a gt

- 3}8H4] (chemical formula) @ CFaCF:C(O)CF(CF3),

- A (molecular weight) @ 316.04 (& 7]2] 10W) A=

|
££
T

S (boiling point) @ 1 atm : 49°C

of\

713 (vapour pressure) @ 25° : 0.4 bar(5.87 psig)

Fig. 4 Chemical combination
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2.2.3 E813 A

Ao s A AEE &7 E#vbsetal &7]9 §l o Fzhe] A
(N2)7F2=2 25bar 543 & F7]4+5(pneumatic control) o2& &
W H (actuator valve)E Zhssto] £t o® 10% ol =&a E3
WAL T

Fig. 5 ¢ o] A} Al dF-= < (mist)defolvt 8k A3k A) <]

A 2 vkR ks AEE Wset ks AEE EAF AldE SV

Jm

H
(vapour pressure)©] 40.4kPa(0.4bar)?] Aoz HEFGYe <=
Hale= FAs g v Adct,. 183 AFE, S 28 AAAH]

=8 astdAel FAUG st Ar|Hem A ZAVE ]l

Fig. 5 Physical properties
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2.2.4 3734 54
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Hg 5
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6000 =
5000 T

4000/ yEe. 0

3000 227 _r
2000 / - 0
100, \

0 T T

2 4 10 12
Novec'1230 Ozone Depletion Potential

Global Warming Potential

@ Area ofthe circle is proportional
to the atmospheric lifetime of
the compound.

Fig. 6 Environmental of footprint comparison
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2.2.5 JA 2 $1¥H(Storage & Handling)

A8 astlAE A4 U D LW SWelA thE Azt

22 A A9 spacedl W &714E Hlue €09 1/4 8% AAg3to]

o 3te] FiH(space) FHAAM T {2l sttt.
Rkl S| A S AstAAE HA AEHE Bio] Zhsstal v

2% (boiling temperature)’} AdA 49%o]i, =

Zpop gyto] goletry. AFE7] Wl AA(filling) = TH A (gravity) &=

sotal g7lol AAVIEowm Al Fe AL, 25bare] HATEAE

e BAY A

Fig. 7 & 84 AstaAle] 9 81 HA(filling) 'S HolF=
Ao R Aol sdds & 5 vk sk, £ o Thebke e

FA7F dastar AAe] st AA(filling) R 7HHS 728 11 (rule)

mel i GAA FastE Aol Ik ol
Room volume®] 500 m® €1 machinery T<3¢] Z<$-;

Table 3 No. of cylinders for flooding agent

Agent No. of Cylinder
Halon 1301 1
CO:2 (40%) 8
HFC 227 ea(FM200) 2
Inert Gases(200bar)
15
(Inergen)
Novec 1230 2
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Fig. 7 Storage & handling
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2.2.6 Q9

7. A At A R QA Fafigk b Al (safety margin)7F THE
Azt Hvs) A3 Fr.

. LE3 A5 (0DP), A -2F3HA = (GWP) T ks x| %o}
3174 olgr7F ¥ A ¢kom | US EPA(Environmental Protection
Agency) SNAPol| T A|=o] Sl&= AstAA o),

* SNAP @ Significant New Alternative Policy
. Bybo] a1 vF77F Tt
b Ao AstAAR Al YR ER HEEHA FeT.

up AgtdA R 7 A3, UL, USCGoll Fel=o] Qlar, =rA|3E+ IS0 14520

vp, AErg A3F A2 82 M0, MSC 848¢) wel AA ¥ HAE
o] A HAAZIFOoR AFRE L 9Tt
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M. X373 AstdA e dut 7|34 AR AA7|E
3.1 TAE

3.1.1 Container ¢} Container valve

2 7] (container )= UK DOT(Department of Transportation) 4BW 34.5/
DOT 4BW 500 o]y} EC Directive 84/527/ EEC 7]s=o.2 A, AZE A
Halon €719} fAbslth. Y BEe E-oM(red colour) O & =45 o] 91,
2187 Azt A7E 7)o A= &7 (container)o] & H (actuator
valve) & F-&stA i, A AstaAE A9l ymx g3k 4
(N2) 7k 25bar F43 FE|eA &
=Ee &0t &E ATt vhE BHE FAEG.

A s vlE A BAZE o B dATE2TF o] F 86t
o 2 2719 &7](container)7t oA Hrk. Hol/HA FHUEE

1.2kgs/liter ¢+ 0.5kgs/liter©]T}.

a4
7198 (container valve)7} &g

€ 7] (container)®] =7]%= Table 4 oAt o] Hu = 2Fol] uk=
HY ol A ojoF s}, 18]3l Fig. 8 ¢ &7]%H(container valve)
= &7|(container)’dHol] F2E o] &7t 57| (pneumatic actuator)
U A7l FE7](electric actuator)@ A F o] < wEWH (safety
relief valve), = ~9 x| (pressure switch)Eo] XFztxlo] glo] &7

el gH Aol sbssit,
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Table 4 Dimensions for containers

Contalnar Fit to Tara Nuﬂalg“‘ N-:l"'::r:“' Max
Sizg [NAMAter VAIVE |yoongeyzan [ 1230 | 27088
(Litreg) [ Imm) ﬁ';'r':}* (K@l |welgnt| weight* """f‘,!g;"t'
(kg (kg
E 54 | 3m 15 4 10 28
18 252 | 239 19 a 7 a1
32 R 28 18 40 3
52 ang | 6 44 25 3.8 111
106 aps | 1om | T2 ] 1275 | =02
147 apg | 138 | oo 738 177 774
130 apg | 1833 | o8 o] 218 33z
— Operation
— Ports
+ Actuation
* Not used

» Low Pressure Switch
+ Slave actuation
* Pressure gauge —— |
« Safety relief
+ Agent outlet

— Available as a
replacement component

Fig. 8 Container valve
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3.1.1.1 Electric actuation

Fig. 9 oA} o] 24 VDC Aoz fFats 7] 54 dHE Al
H(system)d sFte] 5 7] (actuator)7} AAE ] HF

3 AR, Aol AAR QA8 kg AX7F dAolth. b
space)oll Axd A9 AAY HE F vpdgome] HFH A}

s

Fig. 9 Electric actuator
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3.1.1.2 Pneumatic Actuation

Fig. 10 oAt 22 3719 75219 dAA o (remote control) 2] €]
Artgom dubdom AbgH L lal, &7] st 7]k =44 57

(pneumatic actuator)”} sty AX=m Ho 11702 £7](container )l
AZ o] 7Hssht.

Fig. 10  Pneumatic actuator
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3.1.2 Flexible hose

2719 H (container valve)9} WlE9]3 (discharge pipe)e] A=
a2 B R Y= Fig, 11 ¥ 22 flexible hoseE AM&3hH Az 2k
o] tiets] HAYXth. zZtzte]l AAo= Aukx o g A9 fitting©]

AFgE A uk Qo waEt counter fittingd & o®E ZUx AAdx 715

» Flexible discharge
hose
BSP (Tank End)
NPT (Pipe End)

» Direct pipe connection
BSP (Tank End)
NPT (Pipe End)

Fig. 11 Flexible hose and fitting
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3.1.3 Container ¢} Actuator ValvedZ

£ 7](Container)9} F%2H (actuator valve):= Fig. 12 ¢ o]
fittinge2 w3y} AA FHojqla, 7] F&7|(electric actuator)<}

r =9 A (pressure switch)7} d2E & HolFa gl

F87](master cylinder)®] #HlE4=HES o]&3ste] AZAEL7] (slave
cylinders) & (activation)S 913 ZEHAHZ=IA(SUS tube)t &3
(brass tube)o2 7}7te] 87|(container)el Fig. 13 ¥ o] <
Al o2 el &7](container)E E5 (opening) A= AA4E FHE

Holal gt

tem |Description | oty

1 |SchvaderValve |1
2 |Bonnet O Ring |1 Flameproof Solenoid Port
(Fitted with schrader
2 i“d::‘g‘fpon 1 assembly when flameproof
Blanking Plug solenoid required. Plugged

on all other applications).
4 Pilot Pressure |1
Port

Blanking Plug
07| Actuation Port
5 |BurstDisc 1
Assembly Supenvisory
7 oG Ry |7 120° | Pressure Switch
7 |idden Detailof |1 Flameproot
Burst Disc Port LS
8 Restricting Wire |1 . | 1807 &lleis::P
R ] Actuation Port
Syphon Tube 1 ~ - | & Flamaproof
Locking Screw @) @ /2 Sokencid Por
=
10 |Seat Retainer |1 240° | Pressure
11 |Main Seat 1 Gauge
12 |RecclCap |1 @ @ @
123 Piston 1 @ o

14 |Piston ‘0" Ring |2 Port positions are
: e £
15 |Bonnet Locking |1 4 L 27 90°
Screw clarity.
16 |Bannet 1 240 120°

Pressure gauge not shown. 1000

Fig. 12 Example of piping connection
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« Master cylinder

» electric &/ or
manual actuation

« Slave cylinders

» pneumatic
actuation #

ooy
A

Fig. 13 Multiple container Layout
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3.1.4 Pneumatic Release Cabinet

Fig. 14 ¢ o] F 79 o]ibsterA(CoHv HAaN)7F=e] 5871
(pilot cylinder) ¢t ¥ 709 % %2 2H(valve handle)® T4 %o
87 23t A o] 87|92 H (container valve)E ZHE3= 7] -2 modular
type®] A9 FAFZ(port loop) ¢ HFZ(STBD loop)ZE 45 o
At HHAFZ(port loop)et ¢HAFZ(STBD loop)E e F3Z(loop)ol
EAZE A7H et e e FEZ(loop)E AHEE T AEF F45| Tt
Banked type®] 7-¢- A2 olitstebA A3) FH|AEH shte] & -
i wjg D RE g gE sty A3t 8719 HiE HEE dof
T Ao R FAE Q.

CO; w=AF AlvYl(release cabinet)*® =¥ (control line) 7|4
T9L 8] & (copper tube)Z 2F-TF(open space)oA = ZEH Qw3

(tube)E YWkH o & Alg-sir},

T
I

jus)

SCREW DOWN
L~ CYLINDER HAMNDWHEEL

VALYE HAMDLES STQP—"|
DDOR CLOSING WHEN
YALVES ARE
DPERATED TO OFEM

M2 CYLINDER
| ~ MONITORING PRESSURE
SWITCH

| . ——+—Ni PRESSURE
EHECK waLyE — || GAUGE
B | . SLOW LEAK VALVE
TEST CONNECTOR~—_|_| L]
RESERYE M2
TERMINAL STRIP—__ | | | ACTUATION CYLNDER
{2, 70bar)

MAIN N2
ACTUATION CYLINDER —
{2, 70bar)

| —

MICROSYWITCHE FOR
=" DISCHARGE ALARM
L1 ND VENT SHUTDOWN

Fig. 14 Pneumatic release cabinet
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3.1.5 Nozzles ¥ Cylinder Bracket

A =Z (discharge nozzle)®] F382 Fig. 15 9 #o] 180% 9} 360%

Fqox HBFY3, modular design® A% F= Ho| HAXA3+= 180% ==

S AF8-31aL banked typeQl AF- FSwldo]l 7Hedt 360k =ES AHHH

o Wol ALg-FTH,

A == F5 vHES 180% =ZS 10.9m °o|H HE FAo H
%!

(wall)oll Axst= Aol dulrolt), 360% w==9

£7] B3 (bracket)s Fig. 16 H#o] EZE(Bolt)/UEWNut) L8l
+ M9 ®BZ F(bracket strap)l® FAE L 3}e] back channelol
AAH}. 8 1tro AL shte] 87 BE O (bracket)7} B o3t 1 o4
A71(size) = 2719 87] Hoo (bracket)”} 2 Q3}).
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10.9 metres

6.9 metres

180° Nozzle 360° Nozzle

Fig. 15 Discharge nozzle

Fig. 16 Cylinder bracket
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3.2 AA7E
3.2.1 AA #4d 7 (Rule) HE

TAET S0 1452000 = 2187 Asfoba| o] dubA Algkso] g E oA
o, A¥H(marine)¥® AHLHES NSC Circular 8489 Halon 1301 A3}
FAeE Ak dejEol X8E AstoAlY dEjolk FdsHA A&
NI, 71#A Foo] 43t FA = SOLAS Regulation 11-2/7 and 11-2/63
(2002d 7919 ©]%  new SOLAS Regulation I11-2/10.5.1 and I1I-2
/10.9. )0l uw} A o]of BFal Regulation 11-2/5 (new SOLAS
Regulation 11-2/10.4 , 10.5 28] a1 FSS Code Chapter 5)°l wz} 7]&E<]
1A aspgA g Fo oo golop it ©
713 el veket Al "igh Ak

& g

ol iz ZyH|

S

rlo
L,

\
[t
i
i
it}
2
S
ol
ol
Rl
%,

E(cup burner test)E AH FA5AA(type
approval certification)S 2-3jslic}.
Zv= AE-(flag)el AS "l 2 A3l SAl(class certification)E
AAGA T 7t~ H Y (gases area)d] distol= ZF A5 A oslol
wet Zbe AE-(flag)ollA e SHEe a4 AR glo] A F= Fo
AREA ot}

Lloyd 459 A% LNG, LPGA9] 7}~ 7}~ 8+ (gases area) W3h
H-o] e 2E(cup burner test)E AX AAsEY 7|+S AT L3
F A5 A (new type approval certification)ol] wWrgal] H< AXY
T LNG Aol Abg-stal it
DNV A5¢ A% Lloyd AgolA Gt AFH 1A (test report)E
AR ING, LPGA 9] 3& 574 (cargo compressor room)ol| tjgh A7
=S Lloyd =3 22 AAVIEe=z A @45 (type approval

certification)ol] ®¥kedal =kt}.

_27_



3.2.2 AAE % F8 IE HAE

3.2.2.1 AA*5%=(Design Concentration)

o1Z 7)o = REHEH AE(cup burner test)® ZAARAH HA A3tk
4.5%% A&stal vk, AAlsEs o HA Lsbee H4 20%0]delo]
of sl HUFEHZZE(full scale test)® YT HoJoF s}, A v,

Al HA astsrel 30%e] HAAITE uHste ZAAs= Aol

X
off

|

s
a

e
o

] o]

R |

e

Diesel A& Y heptane A& (fuel)d AF HAx AAFTEE 5.5%7F A&

o o]z Adre]l 71#A A3t Ao AHE Al AAlFES V|FEe] Ha
AT},
3.2. &A1 7b (Discharge Time)

2.2

87 AstdAe] HAa HEAL 6xola, Hu HEANE 10x
ol = A7 s ojof Fr}k. o]F Halon®| 7-% 95%°] HAE%=7F

o #AsE A KAk, 5, W84 2899l 49 shaTele] 10%
ol o] & Alzbol| BALEE 43 A& oldstH Hr).

3.2.2.3 239 A 9] &F At

2stAA 9] L Aol (casing) S EFI HEFH & AAE 7|+
ox AAEE AAREIN Ha VI FHASEAA ALES ok gt
AN AstiAle] &2 BT 2X7F HAV Y FHE B ¢
S W] HaMA sEolstE WyAAE <k Ert.
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3799 & A2 Net Volume)

o & AAL AFAAI =EdTd F e AAFGFT L
TS ekl WX (bilge), Aol (casing), 371 A A (air receiver)
o] free air AAE & AA =AY, F7|AFEA(air receiver)
AA L ool astiAZE a2 w Astade] Aze g v
T A, =, AE8 7AW A(starting air receiver)? £FHS

Hgste] 7@ & Tl Hallof sty ofud AlsE

00
NJ
NJ
.4;
_I&]-EE

@ % g Adeld TgsA obw . ol

3.2.2.5 F A|AA AY 7t FAAEF
F713%, B, Bdy, B85, EXA

ARt He ErFEAR A2 ofyt.

T oo SAANA A9 7hHs st

3.2.2.6 NoaelA HE

M(dog)E 7FAaL Agsk A3 AHe St oJgfo] §le sx9 7152
"No Observed Adverse Effect Level" =, Noael A|FHT} A& F=7}
ol gxjojop g}, o]= ofudt FANME kA S BHAoF =

Noael AR T} A& w7l AAlsER o]8HE & gRlstofof sir},
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3.2.2.7 A3HA EAPLH (Release System)

Banked design®] 749 F 79 ®d 2EHS BTl HIEFIo=R
£

Modular design® 7% WX uwlE& ®AF P H(discharge valve)7}
glo] €7] % WH (actuator valve)E dol(opening) FH HIEZ BEAlE =
WAooz dHRHoR el FX(loop)H 7THOR A3} s E ).
AR, F 7l #HAFE(port loop) 9k @ FZ(Sthd loop)E T4 ] o]

3t 43) A &7)9H (top valve) =, T-%7](actuator)S

N
N
N
N
rlo
P
riol

HHAZZ(port loop)F FAFEZ(Sthd loop)el Yv= E4 A= (dual
operation)S 2v|aH] o]= StA|R Qlgt =714l b x X dFto|r},
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ashelAle] g%l AA AAE = So §%2 A
B o)t P,

2
%

3.2.3.1 44 =% 7|&¥

0°Ce] HeptaneA3l7|oll A S WAMHAER 4.207F dojxlar, of7]d
30%2] HAAlG=(safety factor)E WFISHHA 5.5%07F FoAXIt}. o= F%
A ALZIF-(INO) el Al Bk o] -9 5.856%= W7 oAolAnt, dA=
7184 sAe] A9 AAFE 555 2gact.?
- 2 (minimum) 5.2% A A5 %:Class A hazards ("A" 3}A-ZA), Fo])

- HZ(minimum) 5.5% A A°s%:Class B hazards ("B" 3}A-7]&, A4})

3.2.3.2 Flooding Factor AA

Ha/HY 2E7EA BEYe AAd wetd eqHeE WekA
AstdA| el S F+8 4 & Al 5, flooding factor@ Table 5 ol A
T8 4ok, =, 20°CoA AAlEE 5.5%Y W flooding factor
C=0.8097¢] 2., HA2% 0°CollA 2] flooding factor+= 0.8765°]t}.
BS99 A Ao o] flooding factorE ol &7 A3tAx o] S

=]l A~
T 4 9l
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Table 5

Weight requirement per unit volume

Temp. Spectfic Mowes 1230 Weight Ee:. rements n‘ —|fzan:! Velume (kgim3)
e | VEpaUID Design Concentration {¥wiv)
(e v
mikg | 35 | BE 5.7 58 | 28 il 8.5 7 7.5 8 85 9 i0
0 | D.0o84 (D.3765(0.60340.0103|0.0273|0.2442 10,0813 1.0470(1.1226 1.3098(1.3600) 14885 [1.6724
5 | D.0g7a (D.3588(0.6753|0.8010{0.0085|0.8252|0.0218)1.0258(1.1107 1.2831(1.3708 | 14504 (1.8385
1 D.0881 |0.8418(0.8560|0.8742(0.8005|0.2068 |0.0232| 1.0055( 1.DERE T11.2577|1.3436|1.4304 (1.8070
15 | 0.0705 [0.3254(0.B413|0.8573(0.8732|0.8882 |0 8053 0.0850(1 06875 211.2333(1.3175(1.4027 [1.5758
20 | 0.O719 |0.8097(0.B253)|0.8400(0.8566|0.8723(0.2330) 0.0671(1.0471 0[1.2047|1 2624 |1.3758(1.5258
53 | D.0733 (0.7848|0.60B0(0.8252)0.8406(0.8580|0.8714(0.8401 | 1.0276 B11.1871| 12662 | 1.2602 (1.5109
30 | D.O748 |0.7200(0.7850|0.8100(0.5251(0.2402|0.2554|0.0316(1.0087 1.1853(1 244813254 [1.4880
5 | 0.0780 |0.7852|0.7807(0.7954(0.8103 1|0.8400(0.9148|0 8R0S T0]1.1443(1 2225]1.20151.4622
40 | 0.0774 |0.7523(0.76EE|0.7814|0.7R58 (0.3251)0.68886(0.6720 81]1.1241(1.200B|1.27E51.4382
45 | 0.0787 |0.7282(0.7535|0.7678(0.7821 0.2107|0.8830|0.8560 1.1045] 11700 12562 [1.4113
50 | D.0A01 |0.7266(0.74D6|0.7546(0. 7687 D.7389|0.8670|0 8387 1.0858(1.1508)1.2347 [1.2872
55 | 0.0815 |0.7144[0.7281]0.7419|0.75568 0.7835(0.8533 |0 6230 1.0873{1.1403]1.2140(1.2838
a0 | 0.0323 [0.7026(0.7161|0.7207(0.7433 D.7705(0.8302 |0 608G 1.0487(1.1214 | 1.1032 [1.2213)
85 | 0.0342 |0.8811(0.7045|0.7178(0.7312 0.7530{0.B255(0 8038 1.0328(1.1031]1.1745(1.3195)
70 | D.0354 |0.8801(0.6832|0.F0E3{0.7165 0.7453(0.8123 |0 BT25 1.0181]1.0B55]1.1557 (1.2833)
75 | D.03T0 |D.BE04(0.BHZ3|0.6952(0. 7081 0.7341|0.7005]|0.BEET 1.0001[1.06B4|1.1374(1.2779)
30 | D.0333 |0.8300(0.671T|0.6844(0.6ETT 0.7237|0.7871 | 08522 0|0.8248(1.05818]1.1188 [1.2521
5 | 0.0297 (0.6409)0.6674 (0.6730)0.6865 0.7 117|0.7751 | Q.E382 0|0.9695|1.0257 | 1.1027 [1.2328
g0 | D.02171 |0.8292(0.6515|0.6638(0.6762 D.F010{0.7E34 | D.B266 D.9540(1.0202 | 1.0861 [1.2202
95 | 0.0924 |0.8297(0.6418]10.6540(0.6E61 0.8806{0.75210.8143(0.8772|0.9402( 1.0050 1.0700 (1.2021
100 | 0.0932 |0.8205(0.6324 | 0.6444(0.6564 0.6805| 0.7411)0.8024 0.0270(0.6604 | 1.0544 (1.1848
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2AA ALk A ofEe] &AM A (formula)o] ARSIl of 7)o Al Hoxl

A7 azpqAle) F& dAR AA§EE Noael A =9F Hlalshe] HAA

Q:_K(_(;) (1)

Novec 1230 quantity (in Kg)

Design concentration (%)

Enclosure volume(# %) (cu.m)

w B [QP -]
1l

Specific vapour volume (cu.m/kg)
, S =0.0664 + 0.000274T (2)
T = Enclosure temperature (deg. C)

Machinery Space (38 A& 74 97m®)

HA2%(minimum temp) SOl

ZH )% (maximum temp.) STy,

Z A4 (gross volume) = 643 m®

A A (net volume) = 546 m® ; (643-97)
7] A A (air receiver)?] free air % = 500 liter
7| A A (air receiver) I = 270

of
N
)

A (air receiver)®] WE4-9](vent. release)’} HZ Ul

slrhw Mol A 2F Aol Frhw a7HE).
&

3] 7| A& A (allowable air receivers);
P1 X Vizz P2x 12 (3)
71 12
S=7F dAsud
PIX Vi= P2X 12 (4)

P1 = 30bar,
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V1
P2 = lbar o]z}H,

0.5 m?3,

P1x V1 _ 30X05

2=—5 1

= 15m?

= 2709 F71 A8 A(air receiver)d] A AL 2 x 15m* = 30m®
T71 A& A (air  receiver)’} XE3d®  7]# < (machinery space)?]

T A AL 546m3+30m*= 576m?

® 5.5%9 AAEEY|E 0°CollA XA 2stAA ] F2?
1. 3 3 °lA] flooding factor = 0.8765 k
2. 576m® x 0.8765 kg/m® = 504.9%kg2] %187 A3} A| 7}

® 4 x 147liter?d &7|(container)el] 4 x 127kgs®] %37 A3}l A7}
2 g s}t (508kgs)

3.2.3.4 AN HAFES} Noael s = H L

C'= w5100/ (V+(WS)) (%) (5)

C = (508 x 0.0746 x 100) / ((576 +(508 x 0.0746))
= 3789.68 / 613.897 = 6.18%

=, HAexoA AAFE (=6.18%= Noaels = 10%HT} o} <kdA

(safety)7]& W9 ol 9lo] otAaic},
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V. X&8H 43tAA 9 Mur|#a &

4.1 7184 5 799 23 A HE7e

Sl AFdhxol A& Argtda|el Muk Aspgxd A8 7t
B35 99 modular type©]t} bank typel & AX|stal =+ FH9 F =
AT+ A3EA G (fire control  station)o] EAFAH|Y  (release

cabinet)S AX|slo] 7|#A 5 A 4A3E HPst= Aol
ol 7] HAAo HLshH oA FH A3t = A8t

PN
T
AR HANE AT F Qo] FF B Agol oy Ak,

4.1.1. Modular Design

Fig. 17 ¥} Fig. 18 ¥} o] 274 AsfolA|e] &7|(container)7} H&
T MAA¥HE AAZS modular designolel il HE 3ol &7
(container)el F 7]¢] x=Fo] dukdy o2 ujtel] o3 AZAHT}.

Modular design®] A% 5/6"7125t&H (rule)o] HE&H o= £7
(container)FLt A g7 Ashelale] ako] F7be]i= Qlo] Hx|ut A A
wlghe] Zha, AT gak B AR g we gHe] 9o} AuHom
Aol Hrt.

=, 5/6"™ 7F2=7+H (rule) 670 ©l&ke] &7](container)ol A dite] £7]
7b #A(fail) Hdete 5/6" o &712% a5 AAEErt BAbEo|of
drhs o AuAoR 8757k FrhETh. wek 7] o]Abe] §7] Fo
M3z 5/6" k2Tt (rule)e] A-8H A =t

Fig. 19 & 2AlZ 3709] €7]7} modular typeo & AAlE THoR »

o] AAAE, AKX EUE H(alarm monitoring)™ AL Al ~El(release

N

system)S Ho] F11 it}
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Fig. 17 = Modular design A%

NOZZLE

E1=-N2

7-PORT

32mm conn.
DRILL SIZE 7.Bmm

NOZZLE

E1—=N1

32mm conn.
DRILL SIZE 7.Bmm
T—=PORT

FEE7

Fig. 18 ISO drawing for modular design
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REMOTE RELEASE CASIMET
FIRE CONTROL STATION

SHIPTARD

b -

ENTRANCE/EXIT TO AREA

CYLINDER

MONITORING (H.C)

PROTECTED AREA _

NOVEC PIPEWORK - BY SHIPYARD
ACTUATION LINES — BY SHIPYARD
ELECTRICAL CABLE - BY SHIPYARD
(TO COMPLY WITH IEC 60331)
AREA BOUNDARY

7 PORT NOVEC NOZZLE (180 DEG. DISCHARGE)

NOVEC RELEASE CABINET
AREA ALARMS

Pem————— e d

e |

FORWARD PUMF ROOM

¥ Lo o (eesem)

| 220¥ DC

PORT_LOOP

~ —- VENT SHUTDOWN

3ZNB

32NB

SONB

|—— SONB

STB'D LOOP

AULT
MONITORING SYSTEM
(BY SHIPYARD)

Fig. 19

)

LM.S | SHIFYARD

é

Schematic diagram of modular design
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4.1.1.1 Engine Control Room A& <

a. Calculation

DESIGN | GAS REQ'D AT | 5761 GAS OF TOTAL GAS | W.O.ALL |GAS REQ'D FOR
AREA NETT VOLUME | "CONC. | DESIGN CONC. |DESIGN CoNc, | SYLNDER INFORMATION | picciaoen | %"CONC. | NOAEL CONC.
ENGINE 26.19 cu.M
CONTROL ?inc 220.15 [5.5% © 20°C| 426.06 KG | 355.04 KG | * X M7 I o/w 476 KG [10% © 50°C| 729.93 KG
ROOM ceiling vold) 118kg NOVEC FILL

DESIGN CONC. WEIGHT REQUIREMENT OF HAZARD VOLUME FACTOR = 0.BDS7
M.O.AEL. LIMIT WEIGHT REQUIREMENT OF HAZARD VOLUME FACTOR = 1.3872

Table 5 oA A4 22 (hazard volume factor)e] AAlEE=ETH
(design concentration weight)s= 20°C, 5.5%°ll 4 0.80977|+2o.= 243}
a1, Y914 24 (hazard volume factor)2] Noael 3HAlS = (limit weight)
= 50°C, 10%14 1.3872 715202 A A,
ofzfe] 1 AA| H8H AZNEE=(schematic diagram), =3 8] =W
(nozzle arrangement) Z12]3l A A hydraulic calculationd] A}-8-% w3t

PA(ISO) =& BT Q.

b. AlZF7/N% = (schematic diagram)

SHIFYARD | T.M.5 M5 | SHIPFARD
= [ B AREA ALARMS

| EMITTE BELEASE CAHMET PROTEETED AREA
i CONTREL A0 EHCTECTIT ANCASEES S S
| il STATON Ij’@ ENGINE CONTROL WDOM CEILING vOiD

oS % %E = B L

CYLINDER

WEHITORING [LEY

Lid | SHIFTARD

— @ | _cnmmer |
- LT G
G SHPEARD) | owee selagen |

HES

™= PREFURE FUTGH MINCTHM BRES TN EE LOGATER UAL TU GrLINIKR

Fig. 20 Schematic diagram of engine control room
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2] %= (nozzle arrangement )

‘w\.._‘ ACTUATION LINES TO REMOTE
]

RELEASE CAEINE‘I TO BE EITE RUN

-,ﬁc,ubu
“Dj ‘*/" Tt

CYLINDER
147 L1B-

pui . cepp——— o
™~ / Y
/ Y
: \
Y
‘B WARNING_SIGN P R, A ) L
E] E] /55 “ -..'\J r
TA7 LR CYLINGER WITH 118 KG FILL * {, ﬂ%.""@rﬁ“ C‘II.T—NI:I:ER WITHA11B KG FILL
\
Zﬁ - P Moy
REF © , ;
147 LTR CYLINDER WITH 113 KG FlLL | /
: N 4
. - \ %
e e i
Tl Sy 1 1
Fig. 21 Nozzle arrangement of engine control room

d. YA = (actual piping 1SO drawing)

voID
MNOZZLE
E2—N1 ROOM
7—PORT NOZZLE
32mm conn. E1—N1
DRILL SIZE &.4mm T—PORT
32mm_conn.
- jﬂ DRILL SIZE 7.6mm
L~
-

Fig. 22

Al F L
AR 5;1 & !DI
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4.1.1.2. Main Switchboard Room ol ¢] & -&

a. Calculation

DESIGN | GAS REQ'D AT | 5/6fh GAS OF TOTAL GAS | MN.O.AE.L [GAS REQD FOR
AREA NETT VOLUME | & "CONC. | DESIGN COMC. | DESIGN CONC. | CYLINDER INFORMATION | pieppaRGED | % CONC. | NOAEL CONC.
No.Z MAIN
SWITCHBOARD | 745 o  |5.5% © 20°C| 603.23 KG | 502.69 KG | 4 * 180 fr o/w 672 KG |10% © 50°C| 1033.5 KG
piOOMS 168.0kg NOVEC FILL

DESIGN CONC. WEIGHT REQUIREMENT OF HAZARD WOLUME FACTOR = 0.8097
N.0.AEL. LIMIT WEIGHT REQUIREMENT OF HAZARD VOLUME FACTOR = 1.3872

Table 5 oA A4 24 (hazard volume factor)® AATE=F%H
(design concentration weight)+= 20°C, 5.5% 4 0.80977|C. 2 A4 3}
a1, 9 ¥ A A 2 A (hazard volume factor)@] Noael ¥HAZ % (limit weight)

= 50°C, 10%eA] 1.3872 7|=o.2 AAHAT},

5°)

olefjo] 1HE& AA H8H AFNEE(schematic diagram), == HjA| =
(nozzle arrangement) ZL&]al A A| hydraulic calculationol] AF-&%¥ w3t

PA(IS0) =S W53 .

b. AlZF7N%E % (schematic diagram)

M5, SHI g
SHIPYARD 1 T.M.5 M5 SHIPYARD + 7 PORT NOVEC NOZZLE (180 DEG. DISCHARGE)
REMOTE_ RELEASE CABINET -l NOVEC RELEASE CABINET
FIRE CONTROL STATION -0 1 AREA ALARMS
SEE NOTE 17 qp :E

PROTECTED AREA
No2. LV. SWITCHEOARD ROOM | Nez. H.v. SWITCHBOARD ROOM
BB W\ TS A o

e

"

— 3
9 -

1 —- VENT SHUTDOWN

PY,

ILZE_U!' _0e_(WAN)

H 32NB 32N8 32NB
| LOCAL
I ENTRANCE/EXIT TO AREA r/@ = = @
= N ) . T3 2 2 2 3
SEE NOTE 17 e PORT _LOGP
hn‘ STE'D_LOGP L L

CYLINDER

MONITORING (N.C)
i
El
Na

B D |__cvumoer_
— MONITORINGH

[(;X=N)

DACS
(aY SHIPYARD)

NOVEC RELEASED H
N.C)

= PRESSURE SWITCH JUNCTION BOXES TO' BE LOCATED LOCAL TO CYLNDER

Fig. 23 Schematic diagram of main switchboard room
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' T
L5 s
_EYUNDER REF €l
/ " 80 LTR CYLINDER eru KG|FILL
- -

TRANCE WARNING SIGN

- —
o el

- - —
e -
ER REF D™--. .
[R_CYLINDER WITH.|88 K& FILL ¢

~
T3 [ CYLE R REF A
180 LI C\YIJN ER WITH 168 KG FILL /

™. «ﬁ(

5." MNBER ot

1 L L L 1 ! L
= UNIT TOLET ] £ L= = -1 A
a o ™ % 180 LTR oY)

e ] vl U

Fig. 24 Nozzle arrangement of main switchboard room

d. vj&# YA = (actual piping I1SO drawing)

NOZZLE
1o E1-N1

o002 7—PORT
) 3Zmm conn.
DRILL SIZE 10.6mm

=

-

NOZZLE
E1=NZ
7—PORT
3Zmm conn. 3
DRILL SIZE 10.Emm

H77
==

=
wlp

3 o O} E
e =
% 1
R T r
8 Ik
—_—

Fig. 25 Actual piping ISO drawing of main switchboard room
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4.1.2. Banked Design

21387 A3t A] 87](container)’F BHE 49 ¥ro A manifoldel o

A=l Sy P Fela migke] o8 (0, v FN2009] F¢-AY F
7)ett% M (pneumatic pressure operated valve)E £33 REFo=

7Y 2~7F AEE = WS banked designe]gkal kot

Fig. 26 oA o] &7+ & E(pneumatic pressure operated
distribution valve)7} ilglEojofstil B -Ayto] Hio] &7] & 1He]
SE7F dodty, W2 31 jyke] aEE o] HAXH|7E Frteke @ilol
A

olel Fig. 27 & AA s Ao AE&% banked design® AFNEE
(schematic diagram)E H o5l =4, Eujg}l(release line) &7]
o 75 (pressure operated)oll &g wiEFuj#t WH 4583 &7] 789

% elow Fyuolgl)

Fig. 26 Installation of banked design
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100NB NOVEC MWANIFOLD

5_| <X X-
Es| “fo g

wm wm
Ww ol C m,w,
23 ~e mm

SHIPYARD | TFIS
r

|

|

e o o

SEE NOTE 18

r

|

|

|

NOVEC 1230 BOTTLE STORAGE AREA

Schematic diagram of banked design

Fig. 27
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4.1.2.1 Engine Control Room #&

a. Calculation

DESIGN | GAS REQ'D AT TOTAL GAS | N.O.AE.L |GAS REG'D FOR
AREA NETT VOLUME |  x"CoNc. | pesich cowc. | CYLINDER INFORMATION | pieeyapcen | X CONC. | NOAEL CONC.
ENGINE
2 x 180 Lir ¢fw
CONTROL  |295.27 cu.M [5.5% @ 20°C| 239 kg 20ig NOVEC PLL 240 kg |10% @ S0°C| 410.57 kg
(voiD =
85.85m3 )

DESIGN COMNC. WEIGHT REQUIREMENT OF HAZARD YOLUME FACTOR = 0.8097
N.Q.A.E.L. LIMIT WEIGHT REQUIREMENT OF HAZARD YOLUME FACTOR = 1.3872

Table 5 Al &4 24 (hazard volume factor)e] AAlsETH
(design concentration weight)+= 20°C, 5.5%°ll A4 0.80977|Fo. = 2+A s}
3, A A8 (hazard volume factor)®] Noael $HAlF = (limit weight)
+ 50°C, 10%°A 1.38727]S. 2 AFAEATEH. =, modular type¥}t -FrAlst
A9k, 5/6" 7kt (rule)o] &5 A oo} A $29] £7)7} HQ s
ofzfe] 1L A HL% AZFNE(schematic diagram), =2 B =W
(nozzle arrangement) Z1¥]3L AA| hydraulic calculationol] A}-&% ulj3t

AA(1S0) =HES HoJFa1 v},

b. AlZF7/NE = (schematic diagram)

DRAWING No i N
TM750179/NVC/001 l l_
I
(@) J/ENecyEESEEEgt0 00 Y 00000 T ]
SHIPYARD | TRIS TS, SHIPYARD ! E%
 |menmpsse | o L

Fig. 28 Schematic diagram of engine control room
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c. == WX =" (nozzle arrangement)

FIRE CONTROL STATION
LAYOUT AND FINAL CABINET
POSITION TO BE SHIPYARD

RESPONSIBILITY C-DECK [PORT SIDE}

le

A

A

REMO ELEASE
f CABIN

.

UPPER DECK

(27,300 A/B)

% DEMOTES ENTRANCE WARNING SIGN

1=

oI ) .
z_ |—\ |—‘\ [ns Hana
% [ I L\“I\ " b | 1
lr @ . / ELE \\\ . C %ETRI
| o |(ImD ) = |

? . \\\/ . T wENT

N N AT

1ST PLATFORM DECK

(21,920 A/8)

Fig. 29 Nozzle arrangement of engine control room



d. B YA =(actual piping IS0 drawing)

NOZZLE
E2-N1
7-PORT

32mm conn.
DRILL SIZE B.3mm

=PORT
3Zmm conn

NOZZLE
E1-N1
7=FORT

40mm conn.

DRILL SIZE 11.2mm

NOZZLE
E1-N2
7-PORT

40mm conn.

DRILL SIZE 11.2mm

NOZZILE
E3-N1
7-PORT

3Zmm conn,
DRILL SIZE 6.8mm

Fig. 30 Actual piping ISO drawing of engine control room
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4.1.2.2 Main Switchboard Room % -&

a. Calculation

DESIGN | GAS REQ'D AT TOTAL GAS | N.O.A.E.L [GAS REQ'D FOR
AREA NETT VOLUME | s GOMC. | DESIGN Coe, | CYUNDER INFORMATION | picricnrn | ' GONE. | NOAEL CONC.

LV /S HY
. 5 x 180 Hr c/w .
ggg&ﬁ}ﬂp%@g 783.6 cuM |5.5% @ 20°C| 634.5 kg 129kg NOVEC FILL 645 kg 2 10% @ 50°C| 1087 kg

DESIGN CONC. WEIGHT REQUIREMENT OF HAZARD VOLUME FACTOR = 0.8087 &
N.0.AE.L. LIMIT WEIGHT REQUIREMENT OF HAZARD VOLUME FACTOR = 1.3872

Table 5 oA YA 44 (hazard volume factor)e] AAlFE=Zo

(design concentration weight)s= 20°C, 5.5%°|A] 0.80977]+2o. = A4 s}
, 1A A 8 4 (hazard volume factor)®] Noael Al (limit weight)
= 50°C, 10%°lA 1.38727]Fo= AFBEATF. =, modular typed -FrAlst
Ak, 5/6"7k gt (rule)o] A4HA ol A2 F2o] &7]7F Aasir}.
ofgfje] 1S AA H8H AFNEE(schematic diagram), =% HjX| =W
(nozzle arrangement) “1#]3l A A hydraulic calculation®] AR&¥ w3
PA(IS0) EHS HofFal T,
b. AlZF/NE = (schematic diagram)

DRAWING No
TM750179/NVC /002 ‘

220V DC _mev:
Lzm BC_(WAIN)

Fig. 31 Schematic diagram of main switchboard room
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7 L

c. == WX =" (nozzle arrangement)
% DENOTES ENTRANCE WARNING SIGM
7@
—_ INd
™
£H 1.
. | /
~ NG
s ™ \ ME;:‘_&/ 1 g 2 \5@ B
4] >< | |
g - ”"HM% A
X Lo ]
- et e
. Y |, e
| 50 3 = L 1 ! 5 —
| T jna | .* -+ H/‘lﬁs }} <_"‘-|.|_‘_| L_ﬁ / 1
. e AN
T —" tr‘%up [T X _
[\\] 5x180 LTRI/E;]LI HX"RE HHTRé
- Eﬂ WITH 12 AL — | / \
[ | 1 1 Lol | B | \ | [
FRaL S RS R =3 FERs / FR63
i ¥
ol DECK (STARBOARD SIDED
Fig. 32 Nozzle arrangement of main switchboard room
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d. B YA =(actual piping IS0 drawing)

3
NOZZLE f % :
E2-N2 -
16-PORT 2
40mm conn.
DRILL SIZE 8.7mm

NOZILE
74y

E2=-N1
16—-PORT

NOZZLE =
E1-N1 @
7-PORT P,
40mm conn. ‘559 .d o, o)
DRILL SIZE 12.8mm S LN
'\%
< ) 8 :
ﬁff;p \ = :
S %% =
4 8o
NOZZLE |
E1-N2 |
7-PORT |
40mm conn.
DRILL SIZE 12.Bmm 'g
A
T
Fig. 33 Actual
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S
e

40mm conn.
DRILL SIZE B.7mm

%

>

%

o
o5 B
R )Y

=55
G

D

<
NOZZLE
E4=N1
16—PORT

32mm conn.

<] DRILL SIZE 5.Bmm

NOZZLE

E3-N1

16—PORT

3Zmm conn.
DRILL SIZE 5.7mm

LD

Eyed E'NHDEFEL
(R 8
M

piping ISO drawing of main switchboard room



4.2 AA AL oA AHE A
4.2.1 wj#e] XAA L g

Table 6 oA <} o] wjyke]l A7 wWE F5S vl FEALt
(flow calculation)ol] AR wl#AA ] 7)FEo] a1 Q).

JH

=, AARss 8 HLFZF(ninimum flow rate) o] o] wjvhs A7 3|
ofetil Hof FFo A AT gIAIRE AP vyl vl A= {FF
S oled &2 (pressure drop)d] @¢lo] ),
H =ZF Fol= 1% (single row) 1 A5 4.3mo]] o]ar 1 ool
7 & =Z(nozzle) #lgo]l sttt =, 7]#4 9] main switchboard
room® 7A-F A (ceiling) F-Hol ==o] F7I=2 AXE ZH$ Fig. 209
2 @] =S S shofof g
7bsetd Fig. 34 ¢ o] d5 w7l HE== wjvko] wjdEojoF g&%
Q1 X84 AstqA o] FAME 7hs st
= "TEE"S Wl FHoZRE da|FHojof #eFule] azrl glo] A
ol o gkt

X7 spiA o] o] F=Sl wie] ARbA AFFS =¥ schedule 40
9] black steel pipeZ} ¥HFH o= AR 31 3001be] F-&(fitting)ol
v ¥ho] AA ol AREE AT
JIS 16K =419 AME= 7hsskal, YA (union) o] ARE= 7hsshA|nt,
FH ¥ (cast iron)& AFsEA e, FM200 AstAAo] ALEEE v
FLZ ApFom Azt Fdsit

71% AAYHEE 25barE wWlEe] A FUH AE (hyd. test) FES A7
3]

oh=de] 1.5u) A83 37.5bar®2 AH Y3 HAFES wolofstal, AX o &
v 52 A F (air blowing)ste] w3 WHE 4 202 {4
S5 b},
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Table 6

Sizing of pipe work

Determine Pipe & Layout — based on flow rate

Flow Rate (Kg/Sec) Estimated Pipe Size
Minimum * Maximum

0.5 1.4 15mm (1/2")
0.9 2.5 20mm (3/4")
1.6 3.9 25mm (1)
2.7 5.7 32mm (1 1/4")
4.1 9.1 40mm (1 1/2")
6.4 13.6
9.1 24.9 65mm (2 1/2")
13.6 40.8
24.9 56.7 100mm (4")
54.4 136.1 150mm (6")

* Minimum values are required for flow calculation purpose

* Maximum values will need to be reduced on larger pipe work system
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NOTACCEFTAELE ACCEPTABLE

FLOAW
I‘-\ "‘.__‘H
NOT ACCEFTAELE ACCEPTABLE

NOT ACCEPTAELE ACCEPTAELE

Fig. 34 Example of piping layout
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4.2.2 Net Volume AHA

HE 799 FA 4 (net volume) 1374 AstoliA AA9 F8 7|+
o] &tvt=®, ZrA(deduction) 7Fsdh & MAAle] A AAE hull
tank, F2 ILHA(solid)®] F(major) 71715 ol A9 7Hesht Ank
O =2 " Rule of Thumb" Ao =2 ZFA%(gross volume)? 15%= 7+

AA e =A% (net volume) &= Apg-3ko] st Ale] F3 ARt k3l

i

o

4.2.3 Port loop <} STBD loop T4

Modular design® 7% EAFAIB]Y(release cabinet)?] ©]% ZF&(dual
operation)® <Ju|o|A Fig. 35 ¢ #o] HAFZ(port loop)et ¢AFE
(stbs loop)= A= o] Qldl B G ol #3]FZ(port loop)<}
52 (sthd loop)E &38| FHEst Hidstolof b, o= AR

.

— 7

i e :1

T

REF Afl

olsl F71A el ord X9 dstow uAHA (COA2Ele] FEAL W}
g2 o s Folstolok s,
= 2
g ¢
.j s - =
® | T
L - ) ﬁi ﬁr[ $
- ' ;%% !
i

147 LTR CYLINDER

T

S ON[ N i

LINDER

47 Lm?UNDM
AN
L
——
¥

i)

k!
A
I
ol =g
\

‘\L d;"E—L—_'L L L L L
[ E &

) ] i 'é g { ATATRMAY %

<D

7get -
; ol ETE L I I I I I 1
J ZQTT k
= o
833 z =<
= -

Port loop and stbd loop
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4.2.4. Ceiling ©]Y floor 799 2] Net Volume Egto]i-

Adutx o g2 A& (Industrial)ol = ¥ (floor)Y A (ceiling)
T tiste] Aol oJste] A = g T HF A AR Q5]

o
v (floor)th HA (ceiling) +9oll 3HA17F dolgmz o] G0l thafA
T FRPAT 7O flooding factorES #-g3fof shc}.

i $- vl (floor) i, HAA(ceiling)e A-F Az
ko] Ao R ARREIL, A-0 7159 steel AM o R bR S

el SRl AHeM ASY F AAT, 18A T aske] A

st A-0 7159 steel AH S A=How HES|F gt

B>

4.2.5 Gas Dangerous 799 37 AstHA A&

Total flooding?] 234x =2 ALA 7|74 A3} pump roomd] o3}
of Ha AAF=(diesel fuel) 5.5%%= 7k H5Fe] &9l wol Alg3ta
DA, INGA (liquified natural gas carrier)® 3}&=79(cargo area)
¢l compressor room 199 A 20°C A (operating) FANA HA
AAEEE 7.2% 2 Lloyd Aol 4% d4sde] ol v, o= 47

5 WMo w 8 AstqAle] F77F dAHL A71RHIe] AS-

o

=
WEQ AAE aLealof g

LPGA (liquified petroleum gas carrier)® 3}=7<(cargo area)?l

S

compressor room T-92] 7% 20°C *H(operating) Z7oA HA A
FEE 6.5% 2 Lloyd AHeolA F2E<lo] Hol k. 7ef AF9 45

Lloyd A=2] HAE 7[Eom §d AAFEe] %8o] gt
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4.2.4.1 Cargo compressor room 7 A3lMA AL Al

a. Calculation

HESIGN | G5 WEQ'D AT | 5750 OIS OF TOUL @5 | NOAEL [0S BT FOR

anea | werr voune | TG0 | Geon cone, | srun cowe | ruvoe aeomuanow | 0L | K- | our cone

COMPRESSOR | 1546 cu.M [7.2% @ 20°C1668.76 kG| N/a | WX 1M c/w | 4679 kG | 10x @ src|2144.61 KG
ROOM el 167k NOVEC PILL

DESIGN CONC. WEIGHT REQUIREWENT OF HATARD VOLUME FACTOR = 1.0704
M.OAEL LMIT WEIGHT REQUIREMENT OF HAZARD VOLUME FACTOR = 1.3872

Table 5 oA 9&A4 24 (hazard volume factor)e] AAlsETH
(design concentration weight)i= 20°C, 7.2%°A 1.07947]o2 AHg3}
3L, A A QA (hazard volume factor)®] Noael3HA|Z % (limit weight)
= 50°C, 10%°lA] 1.38727]|o. 2 2HAEAY. =, modular type©]A|RF,
7157 670 oo 5/6™ 7kt (rule)o] HEH A ol AL o
|77} d a8ttt
ofeo] 1HEe A HLEH AN ES(schematic diagram), == vjx] =4

(nozzle arrangement) 18] 3L A A| hydraulic calculationo] AF&% uvj%

AA(1S0) =HS HoF11 U},
=z
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b. AlZF/NE = (schematic diagram)

Schematic diagram of cargo compressor room

Fig. 36
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B %] = (nozzle arrangement)

3075 SHiotn SR etee A T[AL DECK PLAN
=R . rore
i cbi"_ ~ ¥ / d
] #ﬁqé 8 ﬂ- - & 4
A : ) afl 3 D’
R - 22 ||
Iﬂl_u.: E £—iff I ' H‘H‘B—l
| 180 LTR — D
""_u: I AT mr ﬁ: :,% CYLINDER REF A
|;| 7 _T- ?Eﬁ & u_ Wit 187 WG FILL
A w“_ﬁhﬁ I |
] = B Sl = ::]A ;:f;
A ] 1 - | 2 1

[T

=

N |

—

CYLINDER REF ‘F*
180 LTR CYLIMDER
WITH 187 KG FILL

Fig. 37
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Nozzle arrangement of cargo compressor

room



d. vj3& YA =(actual piping I1SO drawing)

T
Ry

40mm conn.
DRILL SIZE 9.4mm
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~ 2 '
e
8
-
e y
DRILL SIZE &.4mm -
|

Fig. 38 Nozzle arrangement of cargo compressor room
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4.2.6 Room Integrity T& 3t a2 A3}

1SO 145203} NFPA 200194+ room integrity¥ed ZHgAbe) el oA
ol QA RE 1 o= A AFERE oYt} room integrity H|AEE
103 B¢t B AUl AstA7y F&38] dol A=A g gaER
H3 F9o] steel Aol 25 Z3(self closing)o] e Lol HX| ]

of riwl Mol HaEr Ra gtk W a7 AFe oA A0

]

H(insulation)swo®2 AAFATH room integrityHAEx FQ
k. 7] dAl A FHAiske] AA BSOSO Z room integritys 2 -8-31A
B AAets Aol AAA FwWolM FreElstth. wkeke]l F7FE room

integrity HIZ2EE 3dtA W Hxo HAE A7l Hosta HE9
w7} Aol gxm=a AzZb we F7F 88y F7F =5¥H7F &8

5o x7] AL es] Fastg & 4 4lg

_ﬁ

t
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4.2.7 ZsAEH <2

COx7F 20l 2]k EAMHF2] (pneumatic release system) @ =% AFE|

(operation)&el¥ 7 H (alarm), B4 A (shutdown)ol] tsf] Zelsl= A

o= ofgst o] FAsGT.

a.

b.

. F7F 60%

o
N
o

]O

o Z kY (pneumatic actuators)E2] £€7](container)$} &g

=
HAEZ 587 (pilot cylinder)el ©Jgr &7]9t 243 (pneumatic
activation tube)®] <&Eo =z <1 <tz A9 X (pressure switch)o
2% (operation) Q1o 2 ZH (alarm)et A3 (signal) AHE] 3kl
719 HI2~E ¥ (Pneumatic test kit)e] < (hose)9} =&
(actuation tube)®] 12 ¥ 71" (tight)’E] &<l
Bl ~EH] (Test kit)e] Bl=SE= (outlet pressure)S 4 bar® ZHA<Y
2 (regulating pressure)-fA|
H~E&7](test container)E 4barZ fX3stal 10

=
S 719k Zd9H (pneumatic actuators) &F A9 HA

ol

(pressure switch)9] E&(trip)2e] <l

719k 24 (pneumatic actuation line)2] &= 7FA7}

o

10%e1 W & €<l

10%0]) o] =H 7 A Al 54 H(leakage point)d7 2 F7F AAH =
A HAE AAleto] 10%0] W FE kA 2l

Hl2~E ] (test kit)9} activation line?] ¥2  ZHFO =& 33bar
o] +g fA5ke] 60% T AHHAATF 10%0) LS A B

HAE Al (test kit)oll 42" A(line)S #8t
BH R Tkl A[2~El(system) FHIBHIE AAGsHA s dE7F G4

S = A~
S g1E = AU

K
ol
ox
lo
re
it
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H =k mE AF2ds BAE Al e AAel 7t gl
AHde 71 187 4 A = T Qatar LNG projectoll A7 a7k

ol & tstal AAE algsts AAE SoiEaL o,

2 AFA 4 AES qoktd o .

1. Modular type¥} banked typeo] F&o2 ZAAAQ ZFHWHolA H23t
PAe AAHT 4 A, dHbY o2 modular type®] banked type}
Hlaste] dA Al AXHE SHAAA AAALS <k, spA| R
modular type®-&o] olel a9 ZAjol= banked types Il
afjoF g},

2. b (safety) SHAA BaFe] Ao &S 2o Noael A7}
10% &=elAe] AFEer o™ kA (safety)SHelA Q1A -3
Elas

3. e v T BH7F HES A T A & AAS shefof
stz W3S UFE AdA sH A ¢ko] Z7lEo] 87](container)?
A71E 719k & = Qlo] wike] A A B wjd S stofof st

Aow Ve,

astolAe] AT 2shrh sdeh. weF, wETel
AA A SR 71 (air tight)o] WHHH A Fevhw 2t

skl Al room integrity HIZEE WHER slojol 3= Aurkgdh FA|7b
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Tol tigk ARAA ] i A7 R E O oF Fht.
# < Lloyddsell A INGA 9] 3h&+-9 (cargo area)oll sy #d 29
HAES Algste] 48 dAls=s A%l o= = 7=

[-4 0
o
[N
oty
12
Y
lo,
2
oo
N
olr
oX,
o
o7
s
N
rlr
2
frtl
la#
4>
%0,

2. X8R AsAAE 7@ AA o] A& A banked typed
modular types A AstA Eullele] HAo] vjgo=w Hrje avs d
T e WHE AAEer g S dd RS9 4A-F modular
typeo] 5/6"7kAqtE wlHgow fFEsta 4£¥e Ag uigE
banked typeo] ¥RFA o= Fefsirt. SFANE 7]¥HA HiA =
o= FAs A& A v FE] HEE Ok g,

3. 53] casing 793 F7Ix3t A9 TEZHF A (ventilation
damper)®] A3s AAZ 71D (air tight)E HHo = qgldlolof
8kal,room integrity EHlZ=Ee] tisir e vr=A] A3t wlg] 3 st

F7h ulgol WAFA FES solo} B,
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A7) dmAdol 0 o= A7), Adxpmlel HA A= A7) el

sl Falste] 73356 (super computer room)o]ud HEE=A FAdQ]
23t A= gl ARgo] A&3t He Zlow Hol fow AAY U=
At A 2] A& o= 7

9 g 2y ARelw dod 4 e A
01

b wEshel 479 sliel o
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[1] International Convention for Safety of Life at Sea (SOLAS) 1974
as modified by the protocol of 1978 and all its subsequent
amendment s

[2] International Convention for Prevention of Pollution from Ships
(MARPOL), 1973 (Annex I, IV, V & VI (Reg. 12, 13, 14 & 16)),
as modified by the protocol of 1978

[3] International Code for the Construction and Equipment of Ships
Carrying Liquefied Gases in Bulk (IGC Code)

[4] DNV requirement for the notation of F-AMC (Additional Fire
Protection) (2006)

[5] DNV Type Approval Certificate for NOVEC 1230 Fire Protection
System (2006-07-10)

[6] Lloyd Register Type Approval Certificate for Fixed Gas Fire
Extinguishing System (NOVEC 1230) (2006-04-18)

[7] Tyco Marine Technical Document for Novec 1230 (2005)

[8] ANSUL Technical Document for Novec 1230 (2005)

[9] Unitor Technical Document for Fire Extinguishing System (2006)

[10] Kidde Marine Novec 1230 Fire Suppression System, Data sheets

(2005.11)
[11] A%, 1905 “SFFRR 4 PBr)e AREAZ 9 54
AL AAQIAEA B2 ET S =Y AT A2

S

[12] 759, 1998, “d% vw¥4 453 ds7] AE” | =343
% 961-1006-045-2

[13] A=3, 2005, “~¥7 F% g WEr)o Az 2@ Asgs) ” |

@3 g BN S
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