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A Study on Operation Characteristics of Gas Supply
System for LNG Fuelled Ship
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Abstract

After the industrial revolution, air pollutant exhausted to the earth due to
a lot of usage of fossil fuel has seriously affected the global environment
and humans. According to increase of concentration of green house gas
such as CO; and methane in the atmosphere, the average temperature of
surface of the earth has been increased gradually. IMO adapted
Regulations in Annex VI - Prevention of Air Pollution from Ships
(applicable from May 19th, 2005) sets limits to the emission of harmful
pollutants such as sulphur oxide(Regulation 13), nitrogen oxide(Regulation
14) and particulate matter(PM). The IMO provides a provision for nations to
specify areas with more stringent exhaust limits compared to MARPOL
Annex VI. These areas are designated as Emission Controls Areas (ECAS).

In order to reduce CO, as main source of global warming, IMO MEPC
adapted EEDI(Energy Efficiency Design Index for new ships) and
SEEMP(Ship Energy Efficiency Management Plan) as technical and
operational measures to MARPOL Annex VI for inclusion of regulations on
energy efficiency for ships (resolution MEPC.203(62)) in August 2011. The
Energy Efficiency Operational Index (EEOD has been introduced as IMO’s



initiative for monitoring fuel consumption and CO, emissions (CO,-Index)
for ships in operation.

From an environmental point of view, natural gas has many benefits. As
it contains no sulphur, it doesn’t produce any SOx emissions. Since it is a
gas fuel, there are almost no particles produced in the combustion process
as well. When natural gas is burned in a low pressure lean burn engine,
NOx emissions are reduced by up to 90% compared to oil fuelled engines.
When natural gas is burned in a high pressure dual fuel engine, NOx
emissions are reduced by about 13% compared to operating the same
engine with fuel oil. CO, emissions are also reduced when natural gas is
burned instead of burning fuel oil with equivalent energy content, due to
the optimal carbon to hydrogen ratio of natural gas. As one of measures
to meet IMO requirement on NOx, SOx and CO,, Shipyards and
manufacturers have been  developing LNG fuelled ship with LNG fuel
supply system. Some shipyards in Korea have developed LNG fuelled ship
and the engines and fuel supply system with LNG as a fuel have been
installed on board.

In this study, the fuel gas supply system for gas fuelled ship has been
studied and the operational characteristics such as gas pressure, gas
temperature, flow quantity and tank capacity for four different operation
cases using HYSYS simulation program on Econuri ship in operation with
gas fuelled propulsion system has been investigated. And system stability

for gas fuel supply ship has been assessed.

KEY WORDS: LNG propulsion ship 7}~ % Al¥k Fuel gas supply system
AZ7t~FFA 2", Econuri olZF8]&; DF engine, o]5d54%; Operational
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Table 2.1 NOx reduction treatment for marine diesel engine

Treatment Method Remark

Methanol
Pre-treatment Substitute LNG
Emulsified fuel

Fuel injection timing retard
Lean combustion
Rich combustion

Combustion ‘
Pre-chamber type combustion
Fuel valve nozzle spec modification
Internal treatment High pressure of fuel injection
Scavenging Scavenging air cooling

Water injection ‘
, , Water mixture
into cylinder

Water addition water mixture into suction air

Cycle De oxidised furnace
modification Exchange gas recirculation
Emission : . .
Post-treatment Selective catalytic reduction
de-NOx
D & 7 3 Adg Wl 33 =& BARIAY 3E 988 AHgst
2) AREA R AG FAE AEREARE 24, 32 NOxE 93 H43+
ARE EFeo
3 F&(FADE7I AdMiller dw, BHWAT W2, FU57] 7hs, w717k
A <=2k
4) AR AFHA e W3}k ek=H|, o 34

(1) EGR(Exhaust Gas Recirculation) A]2=®l

w717k A NOx vl&ES Z0]7] HAslA &7

AbEAE A oA de] AFEEE W olth NOx @Al oA &= F
AaFFoll MY e w59 Zhaol ZIQlstar w77k e
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EGRE= A E9o] d&F= mA= Lol glo] NOx wj&(G0~60% 8 =)e &°]
hui

= 7P AR ol AT &3 3R Fo] ¥ AR, A& sha9)
2E AR ARE dLske Ao ol F B HEF 0] J €t
TS S XPee dRE #Ase AL HY HAF7], S E47] 2 &
7] molze] BAg dozd 4 vk Fig. 23S MAN DieselAte] EGR Al H
& Ho|FTh

Exhaust receiver

Shut-down valve

WwmMC
EGR blower

————————— = l

Scavenge air receiver

Fig. 2.3 MAN Diesel EGR system!”

(2) SCR(Selective Catalytic reduction) A] 2~

SCR Al2=Hlo] Hdgj= NOx7F 2% vj7]o] ¢EUYol(NHyE FH7lste SCR=
SHAA S W3S oA oy 3 w3 o] AAHAN FH3
A9 22 HIAA 7|2 =S ste AX| ot

ANO + 4NH, + O, —4N, + 6H,0 2.1
2NO, + 4NH, + O, —4N, + 6H,0 (2.2)



Aol F Ao 38t "kSo] Zo AANY} EH0)L 38k Hh-go] doju}
A 2 AT NOxsF wi717F 4 ®vEg71E Bl di7lZ2 siE&5™ d=Eyo}
(NHy) =7} 10 ppm ©]3t¥ wj NOx =¥ x]7} 130 ppm ©]3}o]ejok st} Fig.
2.4+ YubAE<Ql SCR Al2=®e] HoFEh 7] =04 AAZFed ¢EYo}
(NHa= S7]oA 2" o 2 7tdE o] 129 wjr|et HEA ¢3te] fds
Z0]7] 93l NHy/Air EF71dA F719F E3Eth NHy/Air E37txaes 42y
oHZ 717l E&7]NA wi7]et EF=o] SCR w72 Bzt o714 9]
o] 348} Hb-gA 3 o] Hhg7] &o e Fuirt ¥hEs oA NO A4t
EZ HEste] Ag71E FaA diVIE wEE SuY 9heAdo] M &

L5 200ColA 450CelH 2=7F UF Eow sl 9jgAe] i, vF
stodd WgEtA @] W] FA3 gEYote ede fukstth NO© AlA
& NOJNHzo| Hl&ol ofa] HAA = NOJNH;o ®l7b & w NOJF AlA"

* —
©
=

Weter SUDDY B igring Verting

Compressor ~ Tank Airdryer  Tank

Compressor Soot blower

Fig. 2.4 SCR system process™
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D A<t 22(LP) SCR Al2H
A Q2] SCR Al 2=El2 Mxle] B EAEA Feko #X]5tH, <dzlEF] SCR Al
28-S AA Fzro]l e A5 Jhsd Alxdloltt. Ao FEFFFol 0.1%
EE 1 oldtE Xo] HojoF st Aol A& s3I Al2~"lolth Fig. 2.5
2"} HoFEYg FQ FAEAFOSEZE SCR OHEEY)
(Reactor), &3&~7](mixer), &3] #x](decomposition unit, DCU)e], DCU+ HH&-
71 79 7] AT S AXAHa, $F7I0lower), dE(heater) 18] &

7] (vaporisenN 2 T4 5 o] ot

rlr
e
=
Y
rO
=
;)
wn
@)
o)
>

[10]

Fig. 2.5 LP SCR system process

2) 119t L24(HP) SCR A £H
I FA(HP) SCR Al 2"l 2 Qo] BEARA Aol #A8tH, Fig. 2.62 <
HEAQl aiqt WA (HP) SCR Al 2" Kotk SCR whg7]ek AgE SU7)/&E
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Scavenge air receiver

Fig. 2.6 HP SCR system process'”

_12_



2.3 BsE A% Ve
2.31 stz 3 HMES71E

IMO MARPOL ANNEX VI Regulation 140 we} Aulo] AlgEHE= ZE A
g o] FAIE wom, SOx wiE 54 XYl wg 3§, EL
HQ"% S AAD G A E 20153 1€ 19 o]|F o= 0.1% ©l35te]
i AEE ARESioF 3ttt o] 9]o] A HoA = 3.5% ol FHIHH A
AR-g-o] 753}t

r[r

A
ol

2.32 #3tE F8 A7 Je

SO ARf Fol TFE FHR| A& HPE ANWA SOE FAF=
T2 50293%), SOx(T%)= AT, fAAXSY SOx &S d5FY % &
FFL SFAL Wb 9SS ASYOEH PAT

T Ao o8 7t
A g-F7] o8& FFAE[CalOH),, CaCOs, NaCOsl= AF&3t= w717l &3
W2 Ao A AFES o thal AT ET, A= 2= W(scrubben)y
oAA w717t 25 e e A Al st ol AHSET ® & A W
Helle 7t2E yAQQR e d5E AR 450l 7t2de 4kstE ARy A
o] @i7] wWEol FAS A FAM 2TFF AGE wES £t oY

2.3.3 23 & ¥(scrubber) A]2H

7172 AR = 238 Zlee] dEZFow AEHI don, dFE
AH Ao 2 o)l gale H24 ~ae e} A4 23 E U

L2238y 7]E Fo) i3 (open loop system)e Az o2 dzby
zk= e AHH R g8y Ao FFAIAA, viEeE HojA & 3
o} w717t 27F AESt ket sz ss doA FikskE
AZA7IE Zlgolth. 238 HE AU slae A1

S

3

we, e
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A AAE AXAA oA vioE AR Fig 2.7 /WS 232 Al 2H
< HoErh
B8 &2 238 7]<&(closed loop system)& @0l 4=4Fs}E F(NaOH)
| T FUket 2TAYWE FEAAA FAstEe T4 AAS FETH
th o] W 23 EFolA B pH S IABEA FASE 2
E TAFES Aogth =3 NP HAFY AHES Y
& 5 9 stolBgt wale] &2 A3y r|&o] Yk Fig. 2.82 #H4)
238 A2EHS BojZth A2 23y 7<ee 73 Dl(pelle)d]
At wi717b2rr BHeke e T)e FYAITIA, FAstES FAkst s
o] 3}8tA 0 2 Whgstd Mavt YA E FAstES AASE 7ol

Open Loop Sea Water Scrubber _ﬁf{fayfr_cas Out
= Scrub_bing water Deplume: System* i @ Exhaust Gas Fan*
mmmmm Reaction water [ i B .

Eeccsccccansas

mmmm Wash water

E— Sudge
{Z2_221 *Optional
F Wash water
; Monitor:
Scrubbing water Wash Water Hydro- h;:du?: 5
Monitoring Pump
Module 3

Turb, T

cyclone
'
Turh, T

=) Water Pump || Reaction
. Water Pump
]

Fig. 2.7 Wartsila open loop scrubber system"?
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Closed Loop Fresh Water Scrubber
ﬁ Exhaust Gas Out

mmm Scbbingwater 0 [ToTTTTT :

i E’ !Exhaust Gas Fan®

mmn Sea water
mmm Make-up water
m— Alkali

e Bleed-off

Fig. 2.8 Wartsila close loop scrubber system'?
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2291 Aubel| L2 £ &4 A 7| $EEDDE 20139 19 19 o] 5o AzdE %
T 400E oo dFAdute] sl AAl A &3std. MARPOL ANNEX VI,
Regulation 210 =2 dukell A A4koll 2J3)] doj=|= EEDI} &5+ EEDI
Bt A vheol Mut eqo] 45 Ze o u|gtth. EEDI 2 Awnd o
o3} 2
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EEDI 77 7|&e A¥WEA ASERE 4= 7ol 4z g2 dey 9,
JEAZ WHAM olitsteAE ZEeok itk Fig. 2.90),(b)= ®FAel o
HE 71ES YepdTh

Adutell Al EEDI A wiad 3 524& dyrd, dukzog MEgFo] Frhsta
Mukel] 71913k o]akstetAE E3H3E 2471 (GHG, Green House Gas)e] Ath
Fol 7rste 229 Ag3A(global cap)el 8ol tiFdaL, A 2=
W2)517] 9ete) RE ARkl A GHGZ Sl g sfoksty s &iofx o9
7F 2 F ke wiAe] Aok B2 Az AMutel] tigk ffAo] A e F
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400800
3,000
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L (e
DT far Tariker
00D - = = . N - + P |
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Fig. 2.9(a) EEDI reference line for tanker"*
EEDI reference line, tankers 2400 gt
10 [ [ @ Fairplay
| | ,
60 —— -
[ u
50 27 QF L
]
=
o
w
[TT]

y=1218.8x0 488
R?=0.9574

i
100,000 200,000 300,000 400,000 500,000
CAPACITY (DWT)

Fig. 2.9(b) EEDI reference line for tanker'™
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2.4.2 olihgtekAa At Tl

r

IMOE= &) &3 vuste] dAF g 20253 KE FHal 30%71A 7H=38}
2 EEDI 71#& #3& o AFo|H, ol duxasd dd= A, IR
MR FZEo] o 43%7F ok i AS vt E3 2015WHE =
BARog Z3sixl= EEDI 7|&S A7 9§ 7les Aduto) 2831
of 5}H, o]& 9% 7I& o] Wi=Al B ast AF3o|th,

IMO®] CO, FfAlel w& Hege @rjdoe=z dute] quUAEES F4T -

UAE 7IEeS MEeta, Ar|FHo2s A4 Auty FHAdo = AHEHI 3l
3

%% q_.[16]

2.4.3 Aol A&} o]itsigka A

i
N,
>

2AYANAE o Wslea ARS UM A BEFIH A F2UE
Bl AT e A9 Fol gl
A7 AAE AN 4F AGL

o
A7 st 23 oS A= FREC] 3
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Table 2.2 Reduction technology of green house gas

[16]

Category

Discipline

Measures

Improvement of
energy efficiency

Hull shape

Hull form optimization

Wave making resistance reduction: bow
optimization

Frictional resistance reduction:
antifouling coating, air bubble

Air resistance reduction: upper
construction optimization

Propulsion
performance

High  propulsion  propeller:  contra
rotating propeller, controllable pitch
propeller, propeller boss cap fin, ducted
propeller

Aux. power

Solar energy, wind power

Engine

Dual fuel, hybrid

Power plant
efficiency

Waste heat recovery system

Operation
efficiency

Operational optimization

Reduction of GHG

CO, capture and storage, exhaust gas
after-treatment

New propulsion
system

Fossil fuel

LNG fuelled propulsion ship

Non-fossil fuel

Fuel cell ship, nuclear propulsion ship
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2.44 AR A 9] o|itBtEAE AH|7] 7l&

A ZAE CO, AAE A2y THYNE2 ALT 5 I
o] YA BT ARE A ALFORM CO0 AAH
A9l tH oz A gl

ol Tzl FtEdAAe] 70%-80% MER freldh

23 Z7b7} 49k ONG A5at= T 37
CO, MlZFo] Ho| f2lale B MZ7la% st&dd e AA WEEE 3
AAuA AFBDL Qo FAAYT 2d wWolMe P FH ok

Sk IAI7E ok .
Marg o= 284 LAz -48d Z4r] Al -8 3} e ¥ -7}
ZHRI-2"EHY Fo = V‘PP‘}EV\ W&ol F718 Ao

Fig. 2102 Z45 +3 71#¢ 5&<& YEH.

50
Capadty (MW)
Fig. 2.10 Typical Thermal Efficiencies of Prime Movers'”
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A 3 A 7t2dg Adr Al2" & 9 ZA AT F8
4 a7 A

31 7t2=9 % FIA48 AT WA

IMO gefoll w2 NECAS} SECA & & 2 A A ot IMO=
2016712 AabENOXS & 59 80%s A= sta, FibstE
SO A= A ds AR om, 2011d 7€ /H¥"d ‘IMO
MEPC 62’ [1]eA &= Adtel CO; wi& Z4aE % A7 5= MARPOL VI
MAQe] A= 2013 1€ 1¥ Ha AT

IMO9] HiZ712 HAE A Aute] T8 Yo ZA AFREH T = MDOMarin
Diesel OiD2} HFO(Heavy Fuel OiDE tiAS At A 7fgo] AA3]
LTI Atk IMOS &7t Al E RFEStal XY SHolA fEgk WA
7tE AHEE S, LB Lo AdaislEd s Ee o] H o, o]4ks)
40 wiEEo] FojA H&AA dUyA|o|w AT 7] Fo AHAFge Holn
ot Fig. 3.1(@),(b)ol] =™ HFO t4l LNGE A& 74 %o NOx&= 80%~90%
A7k, SOx HlE&2 A9 §lom, CO= <F 23% Aol 7Hsdhs Yelda Ut

A 7

AN

N

AN

100 %
WmCOo2
80 % -
O NOX
60 % -
[1350X
40 %
20 % A
0 % |
HF O machinery (1.5% DF machinery with DF machinery with
sulphur) MG LM

Fig. 3.1(a) Comparison between LNG and HFO/MGO"¥
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Liquified natural gas (LNG) is the alternative shipping fuel, reducing
emissions by up fo

Nu (xii)
X

. and emits few
particulates.

-
4
[ e ] 0
o — T .17, - ll
ry- nno/
o = 1IN
¢ iUu /0
7] v
o —

Source: GasNaturally, Air quality and natural gas

Fig. 3.1(b) Comparison between LNG and FO'¥

A AFE FAAG BFo] ARAANAINGE ARE AH§3E
Mupo] 20009 AFol o] okl FASA HUL AN L=
AMH, HYAY FFAF) HEHYL F2 w=9lold4 LNGE ABE

she MM Axstel £ Fol glom, A4 H§ M Awnd,

b
oft

=Y

{0

O]

Glutra(car and passenger ferry), Viking Enery and strill Pioneer, Viking Queen
and Viking Lady(offshore supply ships), Viking line cruise ferrys©] 1t Fig.
3.2, Fig. 3.3, Fig. 34% 7I12dE F3 Ave =8 A 2 WS Yeuyx
ATk Table 3.2& A *FF< 7Fx F=3 A8k g2Eo|t}. Glutra Al4ke]
Bee HxY Tt AR FX AALACRE TradXe] 47 =HH U|H
T AX=Eo] glom, 20008 &= AFste] dA7MA EAglol &
<ol Ao

Viking Energy and strill Pioneer Aute] &= Hzx=2 duk AAd 712~ A=

ARle]l A Aol £F Adtezs
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AzFelsst @A & Fol low, Fig. 35 Fig. 36, Table 3.1&
dlErEize Fa Ad B =

5\_-(—%] /}__H—].'Q] 73%011% L

AR gFol A1, At

Ao A LNGuHA

SdAe THE MAS -

AdS vigow oy A

Main dimensions and capabilities =

* Overall length 0
*+ Breath e

* Draught max 4.6m

* Cars (pcu) 5z

* Passengers S .
* Service speed kit

LMNG sto

Fig. 3.2. LNG Ferry Bergensfjord®”
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Total energy production 14,4 GWh
Consumptionof LNG 2880 T
Consumptionof MGO 200 T
Emissionof NOx 21,2 T

Reduction in NOx emission 87,6 %
Emission of CO28533T
Reduction of CO2 20 %
Emissionof SOx 2,1 T
Emission of particles 0

Fig. 3.3 Viking Princess'?"

Gas-related equipment Mon-gas-related equipment
- 4 x Wartsila 8L50DF (DE) « 2 x FPP (Stainless Steel)

* GVU in enclosure + Shaft lines

+ LNGPac200 : 2 x 200 m3 « Seals & Bearings

* Bunkering system * Bow Thrusters

+ Safety systems - = 8tern Thruster

- Cold recovery for HVAC .+ Compact Silencer System (CSS]

Fig. 3.4 Viking line 2800 Pax Cruise Ferry?
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Fig. 3.5 Econuri(Korea

LNG Storage Tank{20m3)

Electric Propulsion System Configuration

] : Generator
1 _
ANy I} Swatchboard = &) Fu oy
F‘-ﬂ._—-_ Motor By o G Supply System
: - R {Samsung FuGas)
_-I"-‘
| " ‘..-’ L
Drrve

Fig 3.6 Econuri propulsion system'?*
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Table 3.1 Econuri specification

Vessel specification

LOA: 38 m

Breath: 8 m

Depth: 4.6 m

Draft: 2.2 m
Displacement: 382 ton
G/T: 200 ton

operational specification

Speed: 15 knots
Cruising: Abt. 470 NM(LNG)
Abt. 485 NM(DO)

M/E MCR: 1548 kW (Wartsila 9L20DF)
: Machinery | D/G(Diesel): 324 kW
Machinery
S 1 Bow thruster
specification
Utilit LNG Tank: 20 o
¥ | DO Tank: 7.9 nf
Number of Crew 4 persons
persons Passenger 53 persons
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Table 3.2 Reference and order lists for LNG fuelled ship®®’

Type of vessel Owner Class Year
1 | Ferry Fjordl DNV 2000
2 | PSV Simon M @ kster DNV 2003
3 | PSV Eidesvik DNV 2003
4 | Car/passenger ferry | Fjordl DNV 2006
5 | Car/passenger ferry | Fjordl DNV 2007
6 | Car/passenger ferry | Fjordl DNV 2007
7 | Car/passenger ferry | Fjordl DNV 2007
8 | Car/passenger ferry | Fjordl DNV 2007
9 | PSV Eidesvik DNV 2008
10 | PSV Eidesvik DNV 2009
11 | car/passenger ferry | Tide sjo DNV 2009
12 | Car/passenger ferry | Tide sjo DNV 2009
13 | Car/passenger ferry | Tide sjo DNV 2009
14 | Patrol vessel Remoy management DNV 2009
15 | Patrol vessel Remoy management DNV 2010
16 | Patrol vessel Remoy management DNV 2010
17 | Car/passenger ferry | Fjordl DNV 2009
18 | Car/passenger ferry | Fjordl DNV 2010
19 | Car/passenger ferry | Fjordl DNV 2010
20 | Car/passenger ferry | Fjordl DNV 2010
21 | Car/passenger ferry | Fosen Namsos Sjo DNV 2010
22 | PSV DOF DNV 2011
23 | Car/passenger ferry | Fjordl DNV 2011
24 | Chemical tanker Tarbit shipping GL 2011
25 | PSV Solstad rederi DNV 2011
26 | PSV Olympic shipping DNV 2012
27 | PSV Eidesvik DNV 2012
28 | PSV Eidesvik offshore DNV 2012
29 | Cargo Sea Cargo AS DNV 2012
30 | Cargo Sea Cargo AS DNV 2012
31 | Ferry Buquebus DNV 2012
32 | OSV Island offshore DNV 2012
33 | OSV Island offshore DNV 2012
34 | OSV REM offshore DNV 2012
35 | Car/passenger ferry | Fjordl DNV 2012
36 | General cargo Nordnorsk shipping DNV 2012
37 | Car/passenger ferry | Torghatten nord DNV 2012
38 | Car/passenger ferry | Torghatten nord DNV 2012
39 | Car/passenger ferry | Torghatten nord DNV 2012
40 | PSV REM DNV 2013
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41 | RoPax Viking line DNV 2013
42 | Harbor vessel Incheon port authority KR 2013
43 | General cargo Eidsvaag DNV 2013
44 | RoPax Fjordline DNV 2013
45 | High speed RoPax Buquebus DNV 2013
46 | Ro-Ro Sea-cargo DNV 2013
47 | Ro-Ro Sea-cargo DNV 2013
48 | Ropax Fjordline DNV 2013
49 | Car/passenger ferry | Norled DNV 2013
50 | Car/passenger ferry | Norled DNV 2013
51 | Ro-Ro Norlines DNV 2013
52 | Ro-Ro Norlines DNV 2013
93 | Tug Bukser & Berging DNV 2013
54 | Patrol vessel Finish border guard GL 2013
55 | Car/passenger ferry | Society of Quebec ferries LR 2013
56 | Tug CNOOC CCS 2013
57 | Tug CNOOC CCS 2013
58 | Car/passenger ferry | Society of Quebec ferries LR 2014
59 | Tug Bukser & Berging DNV 2014
60 | PSV Harvey Gulf int. marine ABS 2014
61 | PSV Harvey Gulf int. marine ABS 2014
62 | PSV Harvey Gulf int. marine ABS 2014
63 | PSV Harvey Gulf int. marine ABS 2014
64 | Gas carrier SABIC BV 2014
65 | Gas carrier SABIC BV 2014
66 | Product tanker Bergen tankers LR 2014
67 | General cargo Egil ulvan rederi DNV 2014
68 | General cargo Egil ulvan rederi DNV 2014
69 | PSV Remoy shipping DNV 2014
70 | Car/passenger ferry | Aktien Gesellschaft EMS GL 2014
71 | Car/passenger ferry | Samsoe municipality DNV 2014
72 | PSV Siem offshore DNV 2015
73 | PSV Siem offshore DNV 2015
74 | PSV Simon mokster shipping DNV 2015
75 | PSV Harvey Gulf int. marine ABS 2015
76 | PSV Harvey Gulf int. marine ABS 2015
77 | LEG carrier Evergas BV 2015
78 | LEG carrier Evergas BV 2015
79 | LEG carrier Evergas BV 2015
80 | Container ship TOTE ship holdings ABS 2015
81 | Container ship TOTE ship holdings ABS 2016
82 | Car/passenger ferry | Boreal transport 2016
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32 7t29 s F3 A" 74 84

3.2.1 7}2d 5 dF(gas fuelled engines)
=)

d
b XHE 7ladE Ae £F AolF WA wmeh Auvis B4

ksl
WAl Al agrbs BAREY dRlow FREo] Zth Table 3.3& 7h~
AR Ao B FF L 74F 54 P Aok
Table 3.3 Comparison for gas fuelled engine
Injection RPM
. Pme Com. )
Maker | Type Cycle pressure, Ignition CHy slip Comp
bar type .
bar Ratio
Lean
SG Otto 4-5 Spark plug 2-4%/SFOC
burn
Pilot oil: CR
Lean
Gas: Otto 4-5 (MDO 19.5- burn 2-4%ISFOC
u
1%)900bar 514
DF 99%: Main, 115-12
W . (MDO/HFO) o
a Fuel: Diesel 900 . 0
1%: Pilot, CR
r (MDO)
t
s Gas: Diesel 300-350 Pilot oil 5% 0.1%/SFOC
I GD
1 Fuel: Diesel 900 Compression 0
a
. 2 ; Lean
Gas: Diesel 10 Pilot oil 5% %/SFOC
burn
2S Fuel: Diesel 900 Compression 0
Pmax:
RT-flex 1,000 CR 21
160
Pilot oil:
Gas: Otto 19.2- 2-4%/SFOC
(1% MDO), CR
1S DF 99%: Main,
M . (MDO/HFO) 19-26.9
Fuel: Diesel . 0 514/720
D 1%: Pilot, CR | (28.6/navy)
T (MDO)
. . . 23%
Gas: Diesel 300-350 Pilot oil: 5% 0.1%/SFOC
ME-GI co2|
Fuel: Diesel 800 Compression 19-21 0
Rols-Ro SG Otto 4-5 Spark plug 18.2-20 2-4%/SFOC
yce DE Diesel 22.2-26.7 0
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322 A BA #4 A7

AR o7 Wartsila 50DF % X type <Axlo] o]d sigdEm, EAL
J}2RE A= Otto cycle WA & 4 bar ~ 5 bard] A g7t EAEA o] a1,

g A ds7t FFEth dAREoxE fAl Ao]FDiesel cycle)
FAol Agse ARelth ol APTta FAbEAe] A, IMO Tier el

AR gul glol WEF & Qi el Ui, W] mMueyel Uod
o

Fig. 3.7& o|F 98 44 A #A& WE<s HoFa v

# Source! WARTSILA

Gas mode:
* Otto principle
* Low-pressure
gas admission

* Injection of
pilot diesel fuel

Intake of Compression of Ignition by
air and gas air and gas pilot diesel fuel

Diesel mode:
« Diesel principle
* Injection of
diesel fuel

Intake of Compression of Injection of
air air diesel fuel

Fig. 3.7 Operating principle for Dual fuel diesel engine!®

323 29 £ ¥4 A7

Itz o2 MAN DieselAbe] ME-GI <lxlo] ojd sigd=w, td Alo]&
2427t F4=m, 300 bar ~ 350 bare] IATFA BEAF HAojn, vdH C)A
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BEALA S 7125 22 dHoz BEAstY A4St 2384 A&y Ar|He]
PagFageEe 434" gAr|Fdo] wlude wGomz AU ABEAE

o
= o(knockmg) WA
UTE HA ARFE 100% A47F et HA ARFIE HA 5%l B FEHE
oy gt 7t2=9} A S EFHEAME AT} 7hEsith

AA A5} 7129 TFVIE AS5HA T AL AA BAEZ] Wil &
EANYE o] e FHAAL 43 7tAHAARS 350 bar, 28A hAyA
AL 250 bar HEQ| 7fAdHo| @ FH T

T

.

F

3.24 712 485 A" 718

A 8 1Tk BAF B, ZhERE Fel wE vk AR 2" @A
el oE g glem, o7l = ASrke FAF ¥4 8 B B 94
e AF ANad HsE ot 2

ME-GI Q1%& 3)k7k2 &AF @aols, A7 dtellA 300 bar, 45C 9| b2
@¥ 8 2=7F "Bastth LNGe t7lsh shelA -163C el weh LNGE
ARANA 278t 48 3 2EZ WANA FFAZE Ik 300 bar7kA]
HEE STMAFY A AYFIF AAHA, ST AYTRRE ARIOA
878 ERUSOZEA SR 5+ e AR, 5 a1y SRUIHP

Vaporizer)7} 223}, ZxA29 7ixel <&
BA 7] daA ZE: AzES e
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325 712 A8 A" 74 84

728 39 AAY 748 84 ¥ Uee A¥Ed g Zoh

LNG Supply System Engine room
Main Engire: ME-GI

Vaporiger Gvu

Bunkering Station

| s

EOG Coamarcaion

Fig. 3.8 Principle diagram for LNG fuel supply system'®”

(D =" A A](Pressure build up unit)

7' A W5 g S A2HA st FE S A FAEHA S
AAolty. ZbE WS VPRI e EHY A ATIEE dushr] oA
SEUAA SHE VM2E vA JtadaE BUH 7hAsF9 ¢FE o] FUlE o
AN 2EA 75+ dES FASHA "ok

(2 Ysbdd7t2~ FS27]1(LNG Vaporizer)
A A QX g HAYo ARE AMRHE dIHATIAE
BN 2TeE LR SHFE AH o,

2
N,

=)

(3) A3LHA7t~ 19k FL7I(LNG HP Vaporizer)
250 Dbar °] AXe] ASE AEHE A AVI2=E XA
Q7%= 2252 EHF= AA ol

oi
1o
=
°
Al
_>|;
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(4) 3119+ Z(High pressure pump)

AFEARNRIY A, ARl A a8t dgo] oF 300 bardel wet HP
pumpe LNGE ©°F 300 bar7tA o8-S HAsAAFTE Hzolnh 1t Hz9
AHFE AHEEE T 1R, XA aFskE &7 T2 st AA7.

Fig. 3.9= Juixel wehd=e vhehdth

Fig. 3.9 High Pressure pump™®

(5) 7F2 3]¥(Gas heater)

Zh2"dAdA  FEEHe ARY HAVIERY REE VAN Es
HAdgoA a7et= 2E7HA dsAAFE Avlelt. Fig. 3102 Iy
7}2235l B & YERA T

)
o

Fig. 3.10 gas heater
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6) 71~ &=

= Foll Tt AR EE TM2EAYHE AEstr] f VA E AAske
o), IMOdA &= 7t2d ol tigh #d &AMl ok 7t2'’=aE IMO
W 29l 8 I(Membrane tank), Bt A, B & C ¢ ®3=, 4 7IA F7F7}
Rom zhzho] glo] tid 5& 2 A ofef Table 3.4 yekbt
gubtg oz duk JAo EYd B & C 58 ®HAV F2 HXH=d Adhe
B3 F3t W A 2E A wet AR EHT Qo

Tank Shape

IHI'z SPB Selt Supporting Prismatic typs-B)

Partially 2" Barrier
2nd Barrier No needed (Tt is able to containthe expected

leakage amount for 15days through
analysis)

2" Barrier is must

Cargo Space Inefficent Better than IMO Type C Most efficent
Insulation Tank Outside Tank OQutside Tank Inside
Tank Pressure 5 barG 0.7 barG 0.7 barG
BOG(Boil Off Gas) |- No provision - LD Compressor - LD Compressor
Handling Devices |- Venting - GCU, Boiler etc - GCU, Boiler etc
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33 7t= A48 7 A=d9 EAH & A
D) 7t2dgdz

Gd8 dme EFNES dFHseun e AN AnEA
ZQskE Zelth gubAel A¥ AE§Yd HFOS Adwsesi o
250Ceo]™, LNG(Methane)e] AdAEs2E+ 537Co|tk. wakA LNGRHE
AR ALY A9l UAANL £AT F gonz PAARe] Ao

INGE 982 TE% o, OAQdoA 7l AT 5 Ax2 32 (pilot)

T

o

Az, MDOE ¥ EHs FFA Atk HU A=A FFHE
MDOS| M o] HLFE COE MFEF 2% trley BAe WMEFe U
g Ak @A AEHL UE skx AR A AP, HA AR
FF &0l 5% £F oz oA oM, Airlw ATS Fi B
Ame FF ML oUZA FluT & Ut 4 FLF /&
Agolet & F Yok

(2 95 B3 WX

E Agolyae 7txds F

7hA E(visibility) 870 oJa] AFFHo] Aol MFRIE o]Fdte] HiX| = A
=, 7tz=dzle A58 7t2E FEE] A% A8Vt BIE AFTY
Shitoll Wi X3k Ao] Aute] 2 Z&AQA x| WHoltt. old A, AF
79 shEel YA} ARTF~ =

T2 AR " Z ] obd AlAElS FRE 4 Qlojok T Ao

oF 2vl2  Ho 875 ol
AZBIE IGC code’t HE&HE =5HP2 Type Bel Type Co F

o\
rlr

do of & Ju 3o
flo

N
-

AAW g ARAF] ATHE JIHAME o= = JHE F
s gstol o AN UL FRY Fitel gy] MBS I WF B AA ol
Zol57] ¥t Fig 311& 44 tigaAsolMel Type Bgol 428 75-¢

o =] =wo|t
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Fig. 3.11 14,000 TEU container ship®"
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Hjxlo] B a3k AHo] FoiuA =Ho, AdHre] AAo] BoXA AT whebA
A8 b ®BAY wjXel 2R3 AF o] HAo x3te olF F dEF EAE
TR ok s, ojul AR i W= FEH] ofjt Abe] = AZA
st HEZF d8sdity IGF IZE(code)oll M= A, = Wxe #438&
A7gste] Adure] b FASIER st Ao g& AolA AAE Aed

aﬂ ;g o] 1:]— [32]
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3.4. ZAFHA|TF =8 A QF AFSHE

daitels, fAksks B ojibEteta Wi E 7]Eo] A3EA o] Aol Rt
st= Avhe Axsr] AsiA AF, 7R dA B 2ALRdAE A7 7HA
AT NEHL AT TFEE F3 7R dRE AREse A
= AAolH, ol wet A sjAL 7]l =

AE Aol gk A" AA|, A A, A7) A==, Al
of Al Bl kA AlzHlL =] B 7k AR, Az gAY Soll B A

(IGF code)& A 3st¥ o, IMO MSC.391095)9 93l A e=o], 2017d 1€ 01
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Fig. 3.12 Concept for gas safe machinery space®®”

HAAA 71502 REEHE 7|dFYd tid MEde 7B FHolA X = A
B3 H el A f1E8ol fikal aHd Aolofok doh SHAIRE ofw gk HBAd
gollA f83A 2 JFeAds 7HA Atk T E s Z23s ¥R dETE
LA g, bR gf2 A (LSt} 71719 RIGAATE AFH O R o
Folrof stal, o]lHg A AFRHAY HAFF AA e 77| =

g P2 Aolojof gt} Fig. 3132 HIEARA V5o E HIEEHE= 7T
Ao gt 72 JES BoFa Sl

Z1FFEY e JtaFgFulde g 2S wEenw o UtaH S glo]

588 = AT

D) #2583 47 4L st AWe FF AAWe] of| shie] 7w
Fol Mo Ewe AL

5 AAWE A g T A ool ABTee] MAHolof @k 22
o BTG AR WAL WG e BT AR FFe
ol MAY A Aol® FalA 40%e FAHD A AGFFol 7}
SeES wiAstelof Tk &%), BBYILA YA EE JE 2RI
s oHg AA Ao REHE BT 4XY 4 g
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b 717), B R MRE HASE Fhe A7 Fooly FAEe] B
E R&F 78 /)% AASE Ao HUg aTHR] ALFOR I
23 N, FAES Az TYshelok Bt

ABTee] FhagFe] L 10 barg ovfololol @tk o] Ade At
A 2="holl tisl AT AL T

23Fe AFHOR Aualy o] REHA G BE Y] Ei
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Fig. 3.13 Concept for ESD protected machinery space™®
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343 7t Z1&T9U 9 TtEFEALHE

D 7429 BTG BFE 8T 4G

Ttk BT elA Jhe FEBELS olFd Es HE o3 SHEH
e = oloF star, o] F o]TW EE YEE te T SHUE USsto{oR I
D 7hs v WiF #ol 7h2AsTE e olsd Al&Eolojof dt o]
W nZd WAool Ik vhads tEET 2 4Ee] &

G4 7FAE TESEE ook Ak olFd WRe =84 VTt fES o

2 WRHe] e AL AL 9L W, o]HF Axde vhag ped
B7h BsE AR kA ksl Alele] spo]xrh AEH O WA

3 Fhadn wEe BrlHE wT EE e AXstelop ) s
M 9% WP EE HE Alolo e AY Hz 303)e) )
S8 HE AL 48 FEIANE AAstelck Bk oHT B
go tagAE ¥ F U3 AaNsE HEC AFHOE FAY S
=S Fo] Adokw A 1039 B2 Zad 5 ok W REE
AT LTHE FaA TR Astelol Aok By WEFE

gt
- FEASHNA IH &3 Hu 4 dAGE R AR g5 4
o8 A& F Uth
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(3.1)

K = Cp/Cv Avds AAHE=E v 4.

K = mgol of
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gk 1.31
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3.4.4. A5 AA A" (Fuel containment system)

b Am F31 AdEte] A9 bdsA JtE xﬂ?é}%‘}% AL we Fad
AL ol shutolth. A S A 71%1°1W JAA|, Aur 2 A S T A
S At qom ThE ARghel] tiEfA] RESSe oF gt

D 715 2 gukEl . FAME

AE AF Ax®le 72y azHE 7t Ao Auk 9 QA e 3
APE FA FEF AA Holof 3ty b 22 AR AFo2HE A
& AAE stoof st

- 344 ol e=ze] Adut A
fe)]
A

o 13449

n
1o
(> b
i\

R
11|
H

i‘l

7k g W3] Y B 25 VhE A Alz="le] A Z1E WA 1A

AW Fo 8T A A ﬁ_w,
R G shoA Aol 2
deck)slol A HE Afolls A ZAs B2 ddpst b FHe WO
25H Hawojo} g

ok
L]
2 1L

(2 7t~ A% B4 S/

=A sk 717(IMO) IGF ZE=oM = 7t 8 F3 Aol X FHe 7Fx
A Ao S/ 2 4 @3] ud 24 IS dustal Ao ArldA =
2 J=e A e Y F2 W8S dYEE bge3 2o

b 89 A =3 & =(Type A Independent tank) AA 71& 2 Fx3)4]
B A 59 ®3c 24 A5 2 JAAE 71He S FAN ] wet 7)Ee] ARt
T2 4 AaE olgste HAFHE "WIolw, AA =2 IdFH(Pox 0.07
MPaX t} #olol ity

_43_



71k stollA HE} 7k~ 2=7F -10C o]l
(complete secondary barrier)7} 75 ™, o]y 7% st MA Fx+= o}
87 Agke TrEsloof gt

- AA &A= di7Ikel A 43 Tt
- olgld 2EoA FHED F e HA §YS AR FEF HAE slok

s},

[>
r o
il
rfo
b
2
2
R
o
v
2
o
2
o
o
i)

(interaction load)& & 3= ol
(accidental load)& & sfAl A A = o

ofN

Tz AAe B Uy &Y 3 gEa)
sk AR 9ol e WA

oF 3t}

AFow nedt gae A9, A e F4E B qrauls wgxs A
ole] AA) AAE T T,

rlr
—o
i
212
of

() 8 B =9 = =(Type B Independent tank) 27 71& 2L x4

B9 B 5¢ ®as 9 @4, 9= $9(fatigue life) ¥ g 5X
(crack propagation characteristics)= 2437191t B2 H=E, &4 7|7+ 4
A W e ol&ste] HAAEE WA, 24 S 4¥(Po)+= 0.07 MPak th
Ztofol ey

7]qt stellA HEk 7k~ =71 -10C o]8kel Afele BE Al2HE 7izl
BEZAQl o]x AH(partial secondary barrier)e] Q7 EHW, 2 FF HE A

o5

"l"ﬂ_“

2¥lo] A ofof Fe.

FEA N B 8T AS Avnw, Txo YL BRI A4 of
e e Agl dsiA F5HE, HshEel mash weisolof Ftk

il

2} 2~¥] g (Plastic deformation)

- #Z=(bucking)

- 92 3¥(fatigue failure)

- <9 Ayk(crack propagation)

Fig. 3.159} Fig. 3.162 dutel] X =& B9 A9B 59 B39 Fx& HoE.
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Fig. 3.15 prismatic tank-courtesy of IHI marine United Inc.*®

Insulation

Hull

Tank support
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Fig. 3.16 Prismatic Tank Construction
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(th 8 C =4 ¥ =(Type C Independent tank) A 7|& L Fxa) 4]

B C 59 "8=39 dAE= 33 93Hfracture mechanics)} #+& A3 crack
propagation)”] o] Z&H ¥ 871 7|Fol wel A E o ok g
AA S dHS HAaS s 4HS 7HA-ok g

po = 0.2 + AC(pp" (Mpa)

r[r

where

A =0.00185( o m/A o D)

with

om = design primary membrane stress

A o = allowable dynamic membrane stress(double amplitude at probability
level Q = 107
55 N/mm for ferritic-perlitic, martensitic and austenitic steel
25 N/mii for aluminium alloy (5083-0)

C = a characteristic tank dimension to be taken as the greatest of the
following: h, 0.75b or 0.451
h = height of tank(dimension in ship’ s vertical direction) (m)
b = width of tank(dimension in ship’ s transverse direction) (m)
1 = length of tank(dimension in ship’ s longitudinal direction) (m)
o = the relative density of the cargo (p, = for fresh water) at

the design temperature.
When a specified design life of the tank is longer than 10® wave encounters A o, shall be

modified to give equivalent crack propagation corresponding to the design life.

4 87 FAE AMA §719 4F Fo Ha FAS nHd ok sta, Zo
ZHol wt obef et o] HA FAE Ao g

- 7HE gyl 2(C-Mn), YA Z: 5 mm

- 2 ~H|Yo] E(Austenitic)7: 3 mm

|
(&

Z o] H(aluminium)7}: 7 mm
AA AA 4Ho] Y o4EH AALA mEEojoF sta, ¢
Z

H
Estd AHSHE A 9% HPeS LG ol



Pe = Pl + P2+ P3+ P4MPa (3.2
Where:

P1 = setting value of vacuum relief valves. For vessels not fitted with
vacuum relief valves P1 shall be specially considered, but should not in

general be taken as less than 0.025 MPa

P2 = the set pressure of the pressure relief valves (PRVs) for completely
closed spaces containing pressure vessels or parts of pressure vessels;

elsewhere P2 = 0.

P3 = compressive actions in or on the shell due to the weight and contraction
of thermal insulation, weight of shell including corrosion allowance and other
miscellaneous external pressure loads to which the pressure vessel may be
subjected. These include, but are not limited to, weight of domes, weight of
towers and piping, effect of product in the partially filled condition,
accelerations and hull deflection. In addition, the local effect of external or

internal pressures or both shall be taken into account.

P4 = external pressure due to head of water for pressure vessels or part of

pressure vessels on exposed decks; elsewhere P4 = 0.

B4 C e B3 AN 24 ¥Y, A= o, 2 2 =4, =340 4
A 23 S& ALystofof 3ot

44 W3 (plastic deformation)= 31§ Sgo] ot 4 AANE AR Zolof
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<f

0m =
oL <1.5f
o <1.5f
o1 *+0bp <1.5f
om *0p <1.5f
om +0op tog <3.0f
oL top tog <3.0f
where:
om = equivalent primary general membrane stress
o1 = equivalent primary local membrane stress
op = equivalent primary bending stress
0 ¢ = equivalent secondary stress
f = the lesser of (Rn/A) or (Re/B)
A2 8 AES R FEH ¢E $9L op|d OE dE S T 4y &
7ol A 2 A ARIE g 7] FF o)8L o7 Aldtololol @
=

D= AA ZANAE B G Sl A8 sk ARIE -55C o]l B C
=9 g0l galA, 92 2], 89, AAh WA Sol B2 g P B
Seol WA b AFo) a7dth Ba B AXdE LA }FL

3o A sk oF et

NE,
-
BN
%
it

(2h W B gl 8 =a(Membrane tanks) A A 7|3

A A Alase] AN 25, BFI s EAFH o IO W

ANA N3}t 7t~ ds 257 -10C o3}l A-fole AT o]F AHo] o+
=3

M7 S dHPoe UuHOoR 0025 MPag 2#eA gkolop Fth wof
AR s o5 Bl Ao tisia AA FEA X<(hull scantling)’} 27} =
Agole 2A S dgS SUHE ey 007 MPag 238 4 glth ¢
Hz o g mugele] FAE 10 mmE Z331A| ¢holof 3o},
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- W B g2l <A Ala(Tensile failure of membranes)

- g A9 ¢+= B3 (Compressive collapse of thermal insulation)

- &% +3HThermal aging)

- GEA e} AA = Atolo] FAES &4(Loss of attachment
between thermal insulation and hull structure)

- FEYAANA S A"l F2E9 E4(Loss of attachment of
membranes to thermal insulation system)

- Y BETx AA e Fx g A(Structural integrity of internal

structures and their supports)

- AA Fx A A& Alal(Failure of the supporting hull structure)

2 AA A

- AA Tz BAEY ZRJIEES 3= @ EH 1S v =(Fatigue

of membranes including joints and attachments to hull structure)

- gdaA19 v 2 FA(Fatigue cracking of thermal insulation)

- Y8 Fx2 A 3 Z(Fatigue of internal structures and their

supports)

- FYF FYE oF71skeE UE AAY 9= FE(Fatigue cracking of

inner hull leading to ballast water ingress)

= AA At

- E9A 2l 71A1 9] £4H(Accidental mechanical damage)

- gdA Fgre E@z <l b¥ =7HAccidental over pressurization of
thermal insulation spaces)

- B3] 523l wF(Accidental vacuum in the tank)

- PR AA 22 53 & 3 F(Water ingress through the inner hull

structure)
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S99 pdHEy} =712 AxHEh AR

= $JE(glycol water)o] 3ol o8] =

a_PA Y A asbEze o, Aty A ASE=
+ PBU (Pressure Build-up Unit)ell ¢]sl] ZA o] 7}53}tt.

Fig. 4.4, Fig. 4.5 ¥ Fig. 4.6 A4 W] d5 &5 A=HY E4EE e

Wi Aok Al d5 35 A2HY ¢ XS g 4~5 barg, 20~30C

HA7 27 FaHBEE usbEzr) glo] At

o
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1:1
10
il

]_
flo] PBUZ} AX=o] o] A BAWR ¥ o= FaHeE 4HEt
=A FAFeEZHN dFoR oF 5 bargel HA
o o] AstAel Ae AP EZ FY FUiFAo]l HRsHA ol AlxHlE

Ma e TS ¢ Ak e Hn g

~ N DFBoiler
Vot Nao—rs
l LP Vaporizer s DFDG
‘ Heatlng Medium

300315 bar @ 45 °C
. > -—}ME@!

LNG Fuel Tank  LP Pump HP Pump HP Vaporizer HP Buffering

T i) ) veve > JREED

Fig. 4.1 Diagram of high pressure gas supply system”
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Skid Size: 14m(W) x 6m(L) x .

No.2 HP Pump

Fig. 4.2 High pressure gas supply Fig. 4.3 High pressure gas supply

system of STX(FuSion™) system of DSME™”
EIQ DF Boller

3 bar

DF Englne

Vaporlzer (Generator)

Heatlng Medlum
5 bar @ 305

DF Englne
LNG Fuel Tank

Fig 4.4 Diagram of low pressure gas supply system

Pressure Regulating

[39]

Fig. 4.5 Low pressure gas supply Fig. 4.6 Low pressure gas supply
system of TGE™ system of SHI(FUGaS)™”
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2 T Al&Eo]l oA & 2hAA Ao E o] JFEIR
A A HEZF HastH, ING HAY <zt kA Ao FHER g2 &
doA Az HAG AZIE A5 287

421 g A 2 ING 95 AA

ANz" 2 s HIHE T A A QA IREEAA *Fste o=
TR AAsAT. dEZFEE= obAol HxY LNG 95 F3 Ao =i
DFDE(Dual Fuel Diesel Engine) ®¥21-& A|g]stdct 48 20 ni(IMO type-c)
B, 713}7], @A 7| (Wartsila 9L20DF, 1,584 kW), GVU(Gas Valve Unit), 5%
2 E(STADT, 700 kW, 2 sets)& ®A sttt &afi7tsA 2= 895 km= {4
At HH7|e] BElo mE I ARTS Us FoF 2o wdgF 21L& 3
7k 2~FA FH o)A LNG $Hikskol| whe} 54.86 MJ/kgs &3ttt %3 712~
2 WartsilaAbe] 20DF A% A(engine guide book)E A 83t} Table

1e AR REPE b 2R FE vep slo)oh @

o

S

Table 4.1 Fuel gas consumption™”

Gas consumption Gas consumption Gas consumption
(kJ/kWh) (g/kWh) (kg/h)
100%
8500 kJ/kWh 154.93 g/kWh 245.40 kg/h
(1,584 kW) & ¢/
75%
9361 kJ/kWh 170.63 g/kWh 202.70 kg/h
(1,188 kW) i i
50%
10516 kJ/kWh 191.68 g/kWh 151.81 kg/h
(792 kW) ¢/ ¢/
9 Akl welk Hof FshAl 24540 kg/hd] 728 ARSE AC 2 ARMEAS
Ntedug A tArIRe] A9 e s sde e do] Was
ok ohebd elsrelse] Au £FANE AEE) AME HdE 2
AR TS Q3% g4 0|t Table 4.2= A7 Fold udzl QYo ARE
o

R Aol



Table 4.2 Pilot oil consumption™”

Pilot oil consumption | Pilot oil consumption | Max. allowable
(g/kWh) (kg/h) operation hours
100%
4.8 g/kWh 7.603 kg/h 907 hour
(1,584 kW)
75%
6.3 g/lkWh 7.484 kg/h 921 hour
(1,188 kW)
50%
9.5 g/kWh 7.524 kg/h 920 hour
(792 kW)

Wartsila®] 20DF 1% AAAE EQE ALstAth AzE 22% MCR 7]
= 7.603 kg/hd o2 oz FeElsd €A 7Fesg dAaed2 6.9 ton(7.9 mw, Hl
< 0.88 A8) do= Ho 21N 7HA & s
AHEE = AEEe] LNG A kw7 sFAkdl A F5stal ok mebA LNGE=
A7t A~ZA FUH 22.9%= 2 AL A= Qatarit LNG %A
Table 4.3-& Qatar4t LNGe] =4 Hl&S UENN AHojth

Table 4.3 Qatar LNG composition”’

Composition Ratio %
Methane 89.18
Ethane 7.07
Propane 2.50
n-Butane 0.69
[-Butane 0.46
n-Pentane 0.01
Nitrogen 0.09
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Table 4.4 Design criteria and purpose of low pressure DF engine

[39],[41]

Medium - Natural gas
Pressure 5 barg at normal conditions
Temperature 20C

Table 4.5 Initial criteria of fuel supply system

(39,1411

Unit operation

Modeling parameters

Cargo Tanks

Cargo tank volume and filling ratio
(95% Filling, Bunkering at 30%)
Operating pressure(6.5 bar)
Compositions of cargo LNG

- Heat ingress into the cargo tanks
- Placement (elevation) of feed and product

nozzles, etc.

Glycol water pump

- Not considered

VOP/PBU

- Thermal and hydraulic calculation outputs

including heat transferred (Q), LMTD, heat

transfer coefficient (U) as an average, heat

transfer surface (A), calculated pressure

drop, etc.

Geometrical information of heat exchanger,
etc.

Control valve

- Rated C, (flow coefficient)
- Flow characteristics

PID controller

- Process variable/Output/Set point
- PID value, etc.
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Fig. 4.8 HYSYS =2 13& o]&3] LNGAEE DF Qe A FF Al
S Yehia ot DFAXCE FgsE e AA7t2d 489S FAsF7] A8t
o] 23k PBU(Pressure Build-up Unit)o.2 LNG A& Fo|A UL LNG7} 7]
3}7](VaporizenE &3l DFXC®E F553 PBUE &3l oAl LNG AF® =
2 FHEolewA AAWIo UHES 62 bargEZ A FASEE TFAINA
o} [39

Fig. 4.8 Low pressure DF engine system by HYSYS™
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AR 27 7hs Axe 2d9F Y gz 2 Rxr|U|Ent opygr Wz
(Cool DownD) #A & Aok gt} kA9l 7 FA e 3 54 HAHA=
oy gt ¥z #AL2 kA Lt

A &7 H3H(Normal operation Load) E¢koll, g1z A4 HA7l~E 300
ton/he} 5 barge] ZHo=Z DFAZe] FFEojof sty %7] Als(nitial
Start-up) ¥ A4 F3HNormal Load), 3} 7+<&(Load Down), H3F <7Hload
Up) 24 A4 A Fa3 248 gg3 2B

- 27 Als 2 AY FeA Fe =4

o x7] #aAs9(Tank LeveD2 95%°lH, B4 6.5 barg=z A7 H ook

- B3} 7Z+4(Load Down) Al F8 =7

o Nz" 2R WAL A, AY PR o =de ekyste e
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et daZFegls9 FXAA = 700 kW FXEH 2 7|17} A&E Hd &
%= 15 knots &3l 7F 7F=stcka 71 A s T

100
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70 et
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Vessel speed(%)
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10§

0

0 10 20 30 40 50 60 70 80 90 100
Enging Load(%)

Fig. 4.9 Propeller curve'”

Table 4.6 Estimated econuri vessel speed by propeller curve”

MCR(100%) NCR(75%) Maneuvering(50%)
Engine load 1,400 kW 1,050 kW 700 kW
Ship speed 15.00 knots 13.62 knots 11.91 knots
Speed ratio
according to 100% 90.8% 79.4%
propeller curve
2y HAo m=EH HsF 50%=2 11.91 knotse] &8 o2 3|7} 715317
ol Ad=FA 2 A7 gl& A= AT
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Table 4.8 Summary of operation status at case 2

. Average
Max Min _ Remarks
(consumption)

Supply pressure | 6.48 barg 6.24 barg 6.32 barg

except for 445.7
kg/h, 5.3 barg at
GVU open
condition

Supply flow | 234.01 kg/h | 51.01 kg/h | 196.20 kg/h

LNG residual
quantity

19 o 10.4 o 8.6 ni

Tank pressure | 6.50 barg 6.49 barg
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Table 4.9 Summary of operation status at case 3

, Average
Max Min , Remarks
(consumption)

Supply pressure | 6.39 barg 6.09 barg 6.22 barg

except for
445.7 kg/h, 5.3
barg at GVU
open condition

Supply flow 245.13 kg/h | 151.79 kg/h | 196.24 kg/h

Tank pressure 6.50 barg 6.49 barg
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Table 4.10 Summary of operation status at 100% load

. Average
Max Min _ Remarks
(consumption)
Suppl
PP 648 barg | 621 barg | 6.25 barg
pressure
except for 445.7
kg/h, 5.3 barg at
Supply flow | 24542 kg/h | 139.38 kg/h | 228.6%kgh | ° 8
GVU open
condition
LNG residual
, 19 m 5.6 m 13.4 m
quantity
Tank
6.50 barg 6.49 barg
pressure
Table 4.11 Summary of operation status at 75% load
] Average
Max Min _ Remarks
(consumption)
Suppl
PPy 6.48 barg 6.31 barg 6.32 barg
pressure
except for 445.7
kg/h, 5.3 barg at
Supply flow | 202.72 kg/h | 139.38 kg/h | 198.41 kg/h | -° 8
GVU open
condition
LNG residual
, 19 m 5.8 m 13.2 m
quantity
Tank
6.50 barg 6.49 barg
pressure
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