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o ek @AY FE 2 ¢tk IMO (International Maritime Organization) = 38 %
AT AE AGste] Ayt AR Aol 93] WAEH= o7l Aztel st Hok=

A AA Adute] ALsta Qv dRbH o Hduldg R Algstn Qe dEe
HFO (Heavy Fuel Oil), MDO (Marine Diesel Oil) S22 3} o] m-$ Zof tj7] e

Aol Aztst ZAE st vk 53] AL -JOH A E = SHAksHE (SOx) 2 A4
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F713 AS et 1 olal]l IMOS} AA Zh=re Auk wiE7tA~ F ksl &)
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HE A AA BE AHute Adul A5 g S5 FTHAE 35%004 0502 HEE
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2 Az 7Fsser. Aske IMO 7 A ¢ NECA (Nitrogen Emission Control Area),
SECA (Sulphur Emission Control Area) A9 +33st7] 93l oladmn dxS @Alst
Auk dbErE GoiEa Qlty 53] AR olFgdn AR vlF % 1.49 wgt SUeka
A= 7‘/‘1] 19, o]n] 23 F<l dur wok 234 Aoz wWAHse] IMO A=

WEe] 98 Ax ARE A4 Hsn g olg gol AA 479 vPA A%
AZe] olFdE A AR A AT A0l A1 ULk

NOx [g/kwh] IMQ Tier 1:12.9 g/kwh
4 Dieselmode /

Diesel mode

IMOTier 2:10.3 g/kwh

Gas mode 1.5 g/kwh
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7hINGE RS EAY NG olFds Ax e A4 HA

LNG (Liquified Natural Gas) =8Fd Aute] HedA7Fs A2 ® oA =k 7]3he
BOG (Boil Off Gas) S &g3l= Wetog HAVAES dgz AlEet= dxo] sfutby] o]
gste] o]2 3 9tk MAVIAE A3 HAA HAAA, B, dekr, B¢ 59 A
A2l s 7] wel Aa Alell ofFAE 7T AR oka A AARSHE S whAjo] A of
IMO AT AE W5A1717] 18 AF52 #4do] F7kstal e FAlolth LNGE ¢
2 JEE2Ae] mel 7= AFA Ax oy, Hd S3AsE 99%, AaakstE 90%7HA]
Z AR Ayt 9= 134 A= Z HFOSH LNGE o|Fd 8% s+ DF(Dual Fuel <l
z A= Aol IMO A4 fAlel t-s3atr] A3 7 A

LNG ol&ds dzle Aad Wl EAbgAel et nghst Aek ZAF wAow EFd
ok g RAF 29l MANGE ME-GIE A4 W 35te2 sb&d #7]ed tA <ds
= 2ARk 45 F3kE Fe dxde "A AbolEe] Aedd we gEoR s
71l An7 ddstA £FH7] fEME HAdRY] =2 EARES 28R ] o
e S

of Ael INGHIZFEEH T3 LNGIEE 300bar® 7F43sH7] 938t high pressure
e}

DF GenSets

Vent gas (8=7L35/44DF, 1x6L35/44DF)

)

6 bar, 60°C
Flash GVU
drum P 300 bar
Cold b |
e CaCaCy

r
\ 2x5GTOME-C10.5-GI
BOG compressor v (F 0 TRt
fhk 300 bar, 45°C I

Returned LNG ~ r . 0

approx. 70% of flow LNG heater | PVU Fromy/to |
| glycol |
| water skid | A
I |

Y A 4 | |
| |
>

| HP vaporiser :
|

/_‘_/_é I HP pump |
N ——— .l

l LNG supply pump

LNG cargo
s | [
i 3l L
(2% 2.1] MANjik ME-GI A8 A5 35 AAE
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Scavenging/ Pilot & HP gas Expansion

\ compression injection /
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[Z29 2.2] MANji ME-GI LNGYE A4 ¥}

A9t FAF HFAlol WinGDiilk X—DF$F MANjik ME-GA+ A¥ LNGRHIAZHE I+
o 16bar LNGE "% high pressure pump $l°] A4A U BAAA 27|93 A&
IdE dFEWVE Aot LEALOIZO] ALY wiel] iy AR WAl ME-GI
b= &l oy ool At A LNGARE FHF35H7] o] Td/deirct Ad o
2 M~ FH5 Aol =k B LNG e E S =0]7] 9% high pressure pump”Z}
EF o5ty vl X7 gu] AAe 9 vl8 283 ¥t deF gt e

GCU
Gas supply to
gas-fired boiler
eg.up to 0.3 bar(g) Multi-stage low-pressure
(en!rifuga I, screw or
piston compressor(s)
X-DF
up to 16 bar(g) . .
IQ iGPR/GVU main
< engine
Re-liquefaction
M| system
(optional)
GVU —Gas-fuelled genset

Low-pressure vaporiser
Up to 16 bar(g)

LM_III >< 25 b 105 baig) GVU  —Gas-fuelled genset

GVU  —Gas-fuelled genset

,“ LNG tank LNG tank LNG tank

Cryogenic submerged pump

[2¥ 2.3] WinGDjit X—DF 4] L



‘Pre-mixed lean-burn’ combustion

Compression/ gas Ignition =
admission expansion

Cargo.re-Liq
system
LP compressor H r
13 bar, 45°C 1 ?
o0 v~ oy SErietd
Gas valve units ] ]

6 bar, 60°C @_-

Gas valve units

LNG vaporiser

4 x DF GenSets

LNG supply pump
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@A AT F< WinGDit X-DF AdtAu el Qzd g4-e 189 2.10, 2,113 2ok

oA A5 FAF HYolwk 2 zdll WAool JAH o, wdEl sldo] BAEE v F
FYoll= clmdo] Ao QA ot whd, Al e MANjiE ME-GA: 343
L_‘Z__O_ Ez‘s]——g—].

= = =

of T w=E7kA Azl §74do] ExH] qlth

Inconel 625

[Z17 2.10] X—DF AdgAH A3 A}

o

Inconel 625
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o} ME-GA A-dgAHe 74 Am 53

A-GAH ] Am= S20CrMoVSsel® Ho 530%9] &:5 A9 + Qe dag=
e R ARE B9 AYE £ B DA e B wakEe ¢
15 =27 st} Q1379 A E+= Inconel 62524 YAS FAATORE Sho] w4, A,
A T s UAZEoE g, AN, Waksdel w1 112 84 Sfell A
7 wEHolE = JEE Gx5= =3 EXo] 9l 900% o]Aae] Ay R Lo
ME AbstsbA] ¢kl & e tirlel®: A WA gkow A7 e AdAo] low
53] Atg), R @ A QAgald] Bk meds Aol Sam §14 we
=g st}

NG FEAE 284 A= e Al

S20CrMoV 655 Mpa 415 Mpa 197 HB 205 GPa

<3 2.1> ME-GA<2I® 2] S20CrMoVS 71A4 A4
ANGTE FEAE B4 A E A Al
Inconel 625 760 Mpa 345 Mpa 220 HB 208 GPa

<3E 2.2> ME—GA<IA 2 Inconel 625 71417 A=

Ao 712 A A2 ddgoin. ddE FoME A F diRel o 4
= 3

b
%)
i}
i
i3
29
e
o
i3
o
ol
o
o
kel
e
_l?i

Too @ A9 2o &5 WA o= FA9 2=
‘Y& (Heat Flux)
:ﬁ A LS
/‘ ."’ ] 7' (Heat Generation)

NHEE
(Prescribed
Temperature) <
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Az 244 wA Azl I SEHe Theta A AIE B 54 &AM &4
2 §AN7R S He} B WRRS AGas) fAGA Fa Al wel W
ol S7ksk= et o] S FEA olete] SHAME AR del| whet WY &
= S En a9 2,133 o], 1xk A= FAoM = 244 WPl wE vk B3t
WA= o EA ARPo] MR WS Frlsta SR fRAsith 23 A=
dololnt S5t mAzA Abole] £7 Heo] o]FojH i Fhow AT £} o
A} 374 Ael= QoleNE MYL Tk A% Fro] WAIGE Tkl

Strain (creep
deformation)
Rupture
Constant stress :
Constant temperature !
T
Elastic strain4—| : : :
: : L Time
o nd
_Jlnsmgel‘_(st.caditsatga:e)_’l 3 Stage "7
Rupture time
(29 2.13] Z28= 34
SN AEE WBEE SFS W TREY $£9L BAM] 9% FL =Tl

=
, &8 o] Ho
A

Endurance Limit (Fatigue Limit)

B [0Fa4d =, 72| &= (A HE =5 3]

Stress Amplitude(MPa)
m(‘”

Fatigue Strength at N Cycles

10° 10* 10° 10° 107 108 10

Number of Cycles

[1% 2.14] SN A=
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2. ME-GA A¥GAH Axd v 34
7F. ME-GA A39AH <zd AA %=

Ay Uy A Azageld wAsHs S oF ddgel os) Amo dwd
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X
wn e
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Auel 4w
g3 dod e wEagul Aut Ao=v]d] w2 Ay Awel ¥ vty =)
A] Fatigue tool& &-&3to] 43T

- A hd B

: :
2 Q Engineering Data A e I Q Engineering Data +" 4
3 E Geometry v a3 E Geometry v 4
1§ Model VM4 G Model v .
3 @ Setup v o4 35 @ Setup v o4
6 |G Solution v o 6 Solution v 4
7 | @ Results v 4 7 | @ Results v 4

Steady-State Thermal Static Structural

[Z29 2.15] ANSYS &4 ZZA X

Aol AA 2L 7 2.3,2.48 o] 5GTOME—C10.5-GA 23 A4 A=L =3
AL A= 7k F 231 xdo] 71 dokst 100% =9 dlolg 7|Fo® 3AS st
pia=

Load (%) 100
Speed (rpm) 73.7
Pmax (bar) 141.9
Pcomp (bar) 111.9

Exh Gas Temp (C) 363
Scavenging Air (C) 40

<3 2.3> 5G7TOME—-C10.5-GA &% A=A A %k (Tier III Diesel 100% load)

Load (%) 100
Speed (rpm) 73.7
Pmax (bar) 162.9
Pcomp (bar) 67.1

Exh Gas Temp (TC) 344
Scavenging Air (C) 43

<3 2.4> 5G7TOME-C10.5-GA &3 Al*d AF %k (Tier III Gas 100% load)
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Z}7F 10mm=E ARt F =92 s A3 S Ys d=md F9H2 Mesh Ale]=
= 25mm= AFE3sFS ).

0.00 400.00 800.00 (mm) 0.00 400.00 800.00 (mm)
I ] [ S

200.00 600.00 200.00 600.00
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= |
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compe|™ FHtj =9k gl Pmaxf’ﬂ/ﬂ«] Ah 25+ 9F 1,300CT7HA] LAY }E}.

EO

)

B s A7 AAZFAS &8519] Steady—state ThermalE E& 259 44
dolH & AAad Ry mde st A4t Al&dE e A5 #AF HE FHS A
Z+o 7 Ay Wz dAgEHE S F0E 4 Stk A4 FHbe] oek b o

AotAl e FHel #Eehs Jow 7}7‘3’3}‘%}

A: Steady-State Thermal
Temperature 4
Time: 051 s

B Temperature: 237.5 *C
B Temperature 2: 325. °C
8 Temperature 3: 275. °C
[B] Temperature 4: 80. °C

(29 2.18] AN 2% AA =4

B: Static Structural
Pressure
Time: 0.82 s

[ Pressure: 0.28733 MPa

(1 2.19] A-RGAW 9 37 =4
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L. ME-GA AdH7H 2%

TDC A A A57F al&, aighe] b5 7]el o8| AEsh Ajatso] ghglo] 34
¥ Pmaxel] EEshd A kSl FE 9 257 oF 319CE Ho 2571 24
SHA Ak 27] b AFEHIL HE gheo] FdshAl Aad Hwe] Ageta v
7] 7kzel o Axd f mEeRrt oF 91TE PSS 2 2% X 4 da=

gol Hrh,

A: Steady-State Thermal
Temperature
Type: Temperature
Unit:

Time: 0.51789

319 Max

65.12 Min

(a) 100% Load Diesel®] Pmax

[e;

o] o
=

=

th. ME-GA Adg#AY &
AP e AR dAEES} &
g7t v S20CrMoVy
ARATEI} ol Aw o
HE AR BAF dme vt

W3 5

A
o
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(b) 100% Load Diesel®] #jj”7]
[29 2.20] 100% Load Diesel?] AT AY &

A: Steady-State Thermal
Temperature

Type: Temperature

Unit: °C
Time: 0.82 s

75.02
73.02 Min

kit



B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 0.82 s

= 017443
—| 013955
Ll 010466
0.069773
0.034886
0 Min

[7¥ 2.21] 100% Load Dieselo|A] 9] 93 Eyxw

B: Statk Strictural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MP3
Time 082 s

0.7522 Min

(o]
L

(29 2.22] 100% Load DieseleA 2] &

olo
i)
g
il
F
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3. ME-GA A3gAY J=zd 24 N4 2 4 A7
7h o 1zd A AA A

B ogAE dugst 988 REE $4 s
AA Aol AL FAF HA wE
A WASG R, sk BEelA g sl
s ol 27 Wie] sz

il

[Sai
M
m

Lt ME-GA A-E7H dwdg 3l 459 &4

AWy FxoA FdE =5 FHO dWPgo] g R AR or 435t A
o2 Yyl d3Y Ex s wet d-ggo] S20CrMoV AA KTt Al
Aow vro Ay 7S et E’% Fast AR d&¥o] FH S20CrMoV A&
Ao A I8 IS el 9lom, safety factor B3 A% SHAAST 2
ojdo® A8 WA AR HodTEH 2% Wl mE AU ] stobz] 7] wj o
HAds =& FHO QAL S20CrMoVE AMEsloE ik
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D: Copy of Stati Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time 082 5

013954
010466
0089771
0034885
0 Min

[29 2.24] 100% Load Dieselo|A 9] A WAE AddAY dWy B3

D: Copy of Statk Structural
Equivalent Stress
Type Equivalent (von-Mises) Stress
Unit: MPa

Time 082 s

5994
4499
3005

151

1.535 Min

M
e

[729 2.25] 100% Load Dieselol|A 9] A7 HAH HAGAN 454

D: Copy of Statk Structural
Safety Factor
Type Safety Factor

[71¥ 2.26] 100% Load Dieselol|A ¢l A HAH AHAHAHY safety factor 3
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1. 28

A ME-GA X9 1adle dad of &, agk &M Wads 2rs)]
CEl @ﬁlﬂai_o_ui, X-DF <9 7| Adxd A3t fApskA A48 9 47 24
gHe FHst A ME-GA dxd A HdAE FAZ 2 A48 P

Axde] 54 4 488 wx el mep 1mde) I3l S20CrMoV Al H T
dudew v A3 gE vehde), S20CrMoV i) dE R Al fe
Aoz geldn. 53], A5 FAF Azl AT WHAFE AR TAF F Aael %
o QIgh 2= Wb AM, A5 BAF FEe W) W e dad uAeAEs
Ao &5 Wy} fop el ogt wgat So] A2 AR iy

N

Ay olzd WA g o] =¥ S20CrMoV A9 Hdst 488 B
Y31 Q1o safety factor X AT St A 20|40 F A5 EAF 7
g

r—{m

Ays 5 Wale] g dw %01 oz 7] wiife] sl =F FH A
S20CrMoVE Al n Tubsl Zo g suwd, ozd WA A7 Qe Qo] =
TAF AR Qs °1X}i s FAR WS Ao 9GS nA = AR A
A& Fol a&2 HA AV 7t Aoz 7igHr.
HA AAE Qzd AXo wE A7 gy= % 3.1 we a3 F S 3.62kg
% 199 kg HAaEM FF At LJ *474] A B ATE V% AEE T8t AT
F ALY 9 AT BAE AA FHe 7o 5 71 E 7l dsct
Inconel In;o;el Inconel—FIV + Pilot F4% ilncﬁon}\e;
o ©° o THAato
=% 3.62 kg 1.81 kg (FIV) | 0.18 kg (Pilot) 1.99 kg
7} 1809 99wk 99uk
A7 a3 - Z 9979 (per one cylinder cover)
<E 3.1> 934 A8 Fh s A7 A7 53
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