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A Study on Optimum Engine Selection and Performance
Analysis of 50,000 DWT LNG Fueled Bulk Carrier
with High-Mn LNG Tank

Lee, Da Hee

Department of Offshore Plant Management

Graduate School of Korea Maritime and Ocean University
Supervisor Lee, Kang Ki
Abstract

POSCO for their campaign of the clean environment and to encounter new
era of gas fuel have developed alternative material of high manganese
(High-Mn) steel, the new type of cryogenic steel which can be alternative to
nickel-based alloy for cost competitive and new cryogenic steel for the
storage of LNG as well as alternative extreme cold gases. As a big step
forward for greener shipping industry, ILSHIN Logistics had chosen LNG as
clean fuel amongst solutions to comply the new environmental requirement
and ordered to build the world’ s first LNG fueled 50,000 DWT bulk carrier
with High-Mn LNG tank at Hyundai Mipo Dockyard(HMD) as a part of POSCO
program to verify their newly developed cryogenic steel on actual ship in

service. The vessel to carry limestone for POSCO from Donghae to
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Gwangyang (South Korea) which Korean Register (KR) and Lloyd’ s Register
(LR) provided dual classification and certification, verifying the compliance
with the International Gas Fuel (IGF) Code.

On this paper, the procedures at the stage acknowledging shipowner’ s
requirement throughout layout diagram and load diagram in order to achieve
the most optimum solution of main engine for the ship specification. Since
after ship’ s actual voyage, various measurements onboard have been
performed and examined for the detail analysis of engine performance so as

to confirm the aimed performance at the design stage.

The successful construction of this vessel and the verification through
onboard measurements will be a very good trigger to draw the LNG
industry” s attention to widespread adoption of LNG fueled ships as well as
high-Mn steel in marine applications, for those who are hesitant to adopt LNG
fueled systems due to higher CAPEX without compromising both safety and

performance.

KEY WORDS : Bulk Carrier, LNG Fueled Engine, FGSS, Layout Diagram,
Load Diagram, Type “C” Fuel Tank, High Manganese
(High-Mn) Steel Fuel Tank.
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Table 1-1 Global emission regulations

. Regulations
Area Appllcab|I|t:y o SOX NOX
Global All ocean-going 0.5%(2020) N/A*
. N/A
Baltic Sea SECA All ‘vessels calling to 0.1%
ports of EU Tier 1M(2021)
member states and N/A
North Sea SECA VSRl fransiting 0.1%
S Tier 11(2021)
All vessels calling to
ports of EU 0.5%(2020_EU water)
EU member states and N/A
vessels transiting 0.1%(2020_In Ports)
this region
California coast All ocean-going
vessels within 0.1% N/A
(CARB  fuel rule) boundary
North American All vessels within o .
ECA boundary 0.1% Tier III
United States All vessels within o .
Caribbean Sea ECA boundary 0.1% Tier III
All vessels  within
boundary, except for
China ECA fishing vessels, sport 0.5% N/A
vessels and military
vessels
Hong  Kon All vessels at 0.5% N/A
9 Hong Kong port ’

* Global (Tier II) standards only.
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Fig. 2-1 Contribution of marine emissions to the total emission profile of Hong
Kong. 2012 data (The Prevention and control of shipping and port air
emissions in China, 2014) [8]
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= Hybrid propulsion = HFO/MFO = MDO = LNG

Fig. 2-2 Choice of fuel (SMM, 2017)
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Fig. 2-3 LNG fuel or scrubber choice for newbuilds (DNV-GL, 2016)
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Fig. 2-7 LNG fueled ships engine trends including order, March 2017(Source:
LNG World Shipping)
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100 mn

-‘l!ﬂ
msm-«
\\ avEd

Fig. 2-9 Low pressure gas injection with lean-burn Otto cycle combustion
process (WIN-GD, 2017) [28]

AEAPTA S A MAN Energy Solutions(MAN ES)ALe] ME-GI =d-&
7129 A =A42] A)o](Electronically controlled engine, ME)QI o] 7}~ 8 A 8-S
O Mde g2 gAadAeolSs ARSStY w2 &8< 7HAH, 3717F &35 s
=% JA-(Top Dead Center, TDC) A A 712 A57F 2 EALEZ] o)

o 300 barge] a1qto] Hadtth 7t Aa Aol 3%9 MDOW HFO<| w1ty
2 d57F Fedy g4k AA4ODiffused combustion)d] EACZ 2] A&
25 W =4 FAEHY dWAAZE IMO Tier I NOGHAH S T531A] &

N

|

5t7] W2ol SCR, EGR 59 %7} X7} o3tk
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| Direct injection, diffusion combustion

"‘E sl s -.",-‘ L
&b

Fig. 2-10 High pressure gas injection with Diesel cycle combustion process

(MAN ES, 2017

I3l S ARTE F71e EA StollA AdAE doF F e HAA EE T
st A7k~ e oF MA0CE wl¢- 7] "ol fo AA7AE ABE ARES)
= A A, AL Yo] RsH29] Y] wiEe] ¢ F e B
T 7b2dm ARE Al 1%~3% Welel #dEl ARt AHSE T Y8l AR
o] Zpole A4 LEALO|Z O] ARG Ate| A ALo]Z 9] Aol wiiE o] dof
WA HEd, dxE o942 (Pre-chamber) TIAQIS AFR3le] 2o oke] 3}
A3l ARE JgEF d4TtAE H3 AT FAE Th2TF BARET] Aol 9
A3l A8E BANA BES FAstH 712 A4S F7] dwo ddHo=
B o] dasitt

A8 FF A 2" (Fuel gas supply system, FGSS)& A LNG 985 Ba=2H
B AdR7tA] Fgste A AR Y ATES Yrlstn A" AAs 74 718 9
Ae 37 AR 34 71E 87 AR 2 F49] a7 ARRRE SFstofof
Stk INGE FA 22 A A5z B0 AFE =Y oju 3 Wi &
T 9F -163C Y @2 25olH BIA YR 2EE A0 =E wIe) i
25217 200C ©o)/d Y] wiEe gdFxe #Bazg stz ¥a yiE &
Feo @ A% FE7k~(Boil off gas, BOG7F A stch. #Al® BOG A& o
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A 71H A8 F5 A2ES T8 FGSSE} 3l 300 barge] gt AT
=k < T3 A 28-S Fig 2-11, Fig. 2-12
2ol ZJEA 2Fe v, gk A}%—-&{— AR Aty nwsAS o
| t=7], BE Foll F7F B FAFol Ao QAR
o] Fol Fjzo =z F& Z7]|EA|(Capital expenditure, CAPEX)7} @ F¥t}

= - Aux DF engine,
Main Engine Boiler, GCU*
16 bar I

A 6 bar

A
i
i

r— ===

o Pressure reduction valve

x I

LP Compressor Evaporator
& Heater & Heater
¢ £

r

Reliquefaction
plant

*GCU: Gas Combustion Unit

Fig. 2-11 Basic layout of a low-pressure fuel gas supply system for main
and auxiliary engines (WIN-GD, 2017)
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Main Engine ‘

300 bar

{,—_—_—_—_—_—_1 BOG
|T===Z=1| Compressar
I
i ECIJG
l : ey | Aux DF engine HP Vaparizer
M Compressor par
\- s 6ba
v / \\

Reliquefaction | :
plant :I HP LNG Pump

—

Fig. 2-12 Basic layout of a high-pressure fuel gas supply system for main and
auxiliary engines (Source: MAN Energy Solutions) [30]

T QAR A AESlE Abo] 29 TRV THEOE Q5] d9y a&9 54
T 274 fv. X-DFARE HH d%o] 1Fst YJHigh loaddl ZHA Sl
o}, ME-GIIFA & K& &5(Part load)oll ZH A St} Fig. 2-133 Zo] A
32 o]Fd uj, A Alo]Fe A8 4£HE FAANIA FAT QE Alo]Fe
oF7F =E

AAA Hed wae et AelZ FRe] Aololr] WEo
o

A= ARAAAT Br|Hoks HAA A]2H
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Otto cycle Diesel cycle

\

7

specific energy consumption
specific energy consumption

Engine power Engine power

Fig. 2-13 Specific energy consumption comparison between Otto cycle and
Diesel cycle engines (WIN-GD, 2017)

IMO= LNGe] 35 AA F2ARY d&FS 4 &1 "gaxAz Ad
T e AAAASelf-supporting) 53 of Fol wet BAFFE WEHI B2
(Membrane tank)¢} =%H3& & A(ndependent tank)® T w30t HHEY BIAE=
AASE ¥ F2IALGS 185t B A, B, CE FE3th LNG 9 &
Ao AHgHE dEBIZs &35 tEEe Auto] g9 C 5¢€8 "BaE
AHsAT3L. B C FHd " 78 & Adud 9 ¢¥87|zE 2
barg °]%¢ w2 48 FAS FL7IABOG) HHEE A2 F deH, €

Z Ao 75t A ¥](Maintenance cost)Z7FA Al E= A# o] Q7] uj&Eo|t}.

ol9l= ThEA AARAA FHol fl= WHEHA #BA(Membrane tank)= 3+
| WZ(nner hul) Ao AsfA= Fx22 St st wj-g vZsiy £=274]
A7F doh LNG &8k sl a2+ Bol AMEHI oy, ING 95 82
A= obd glth 20200 == CMA CGM-AdARe] 2vk23d TEUR LNG
A Aelol|dAd 9F ol A5 A8F A otH32]

o

i

N1
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LNG Tank

Fig. 2-14 CMA CGM gas-fueled newbuilds with GTT membrane tank (GTT,
2017)
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20,000 —— 5,000 o 5,000 T
o 1oz B S 78 = i T
16,000 . : 4000 i% . 5 4,000 S
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Fig. 2-15 Global energy demand growth: Shell interpretation of Wood
Mackenzie Q4 2017 data (Shell, 2018) [34]

ING d5 FIH A% Fig. 2-163 Zo] FHFAHSE AZE o] HFAL
ING 2471244 &AL LNG 3| AHo A AL E8e 3 LNG 98 F343
YAYGY EAES dstuA 3¢k FZol= TOTE, Matson, Crowley 5 t©f
o "= AAE A2 F 93 EFsHA INGE 9RE AREske A A
zd A= UM BrE FACE AxdFrr M= S7kstal v TOTEARS
3,100 TEUE LNG 3 HAHolUYAdS 23 F7} o o]o], FH Pasha
HawaiiAl7} 22 9] e olydS F7F 23319 tH35]
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Operating area of the 122 ships in operation  Operating area of the 132 ships on order
Eurcpe N vorway I Acic I America Europe [ Norway I Azia I America
Il Cceania Middie East Il Global Il Oceanls Middle East [l Globa

Linknown Unknown

r

Fig. 2-16 Area of operation of LNG fueled vessels (DNV GL, 2018) [36]
=7H 2ol AYE FopA AL 9lo] &9 A=ES LNG Fde 23
A&7 Adr &3, hx Az Al AA 2 AAEEE A5How AUt
t}. A7FEE+E Green Ship Program & 2o wz} LNG F2A8to) thsl 275
4| JiJEH 5% A, Az EA Hol 50% S|HER NS 73%8}37_ om, 20184
7hA F 9BTA[AAA B A 24, HF FHdl oF 169
gk AR W LING dE 32149 tigk 435 E 53 ¢
ot =2 20208714 ¢F 10,0004 #He] LNG Fx4d48F &R E 9|3h
Aol BRxa 59 ARALHES JAgsta JuH3T]. Table 2-2& AAIS F8
37 AR ko] xS Ho]Fm 7 A8k 4x(Environmental ship index,

=T
At AAe BAFHD

ESD H<= vl&2 P E AHstAY AAFA Y JAEBEE AlFstar ATH3BI
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Table 2-2 Port’s supports based on ESI index

FERAA G

(Port of New York 204 o7& A JAAEHE A F
and New Jersey)
L2 F3}n} st i
304 o] Ant =349 15% 749

(Port of Yokohama)
kv 10% &2l

(LNG 9z 53140l gheto] &l 30%

ol el A8 2018 12€7HA]

= Z&5m 20199 = 20%, 2020 ol =
‘ 10%= A &4 )

A &3] 10% 7H

IR T %
(Port of Gothenburg)

= 3}
EH=% 3 3174 o)A (LNG s3I el ste] 3nl 20%
(Port of Rotterdam) el LNG F%1 vRR| 482 3H] 30%
‘ el
EE LI N T
: 3148 o) Adk 4= 10% 24
(Port of Bremerhaven) i,
MEL=Z 3}
314 o) ARt =349 10% 744

(Port of Antwerp) 1945
LA ‘63— > ‘{l\_q:'% i]_,_C_ | 30”34@ 750%@(% 85?_]_"%]_)

(Port of Los Angeles) . R oMEH =
=g 3 Hol 2,0004-Z(F  2407HY)

50% o]
(Port of Hamburg) &n) ol Aalg =9

ING HAH AAME A MAAcZ @ A=zt 24 Fo g =2
dolo A= TTS(Truck to ship), PTS(Pipe to ship), STS(Ship to ship) 52 RE
WHel BAE A=zt 9 Fol doem WrieE A HEA 3 (Zeebruge
Port)?} ME S =& (Antwerp)e] LNG 471AE LNG ¥AH EHrHd2 &8
o olflel= FHE B UgtEol 4= AR =+ EU Fx8to] ¥7" 34
s FEA JPstar Jom ErAgx FH3 @A 4 % LNG 7H4 A
Y ngo® LNG ¥AE 4Agol S48 E 1 Atk S=olAe] LNGHADZ
2 TTS(Truck to ship), Pontoon, STS(Ship to ship) o2 U&= 4 Ao F=4
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AN = Lt LNGERII dxdd HFstal 3lom ol LNGH7A PG A2
Aoz Ay T=4Ag ¥ 3 (China classification society, CCS)ell 2]3}H Fig.
2-173 & F= LNG value chaino] #+Z5o] lom ol5 &83 LNG ##
AT Jite] EelA & Fol ATk BRETHI9L

Flayers for waterbome LNG value chain in China

sRagulatory framework development &, " Cryogenic equipment % ¢ Gas handing %
' - lemces € | Dewpn &
Water “(‘S i i i b T L

Transport  afemanen | | EE COSAImMAE ! ‘ {

Bureau ‘sEEmER | - tt ll

"IIP_HHEI II-I"-I'I ------ ._:

i Chl majors & energy enlerprisas § :" P-wdf.rlllr.-a ": { Gase nt_:lm

¥ oy |

ENN @. = i GD @

I i -~ ]

1] A~ i % :; Junna -}
@ "3 @a irods) ||y Mamanngaman | |

khm TATHES 'r Das.lgn of LNG fu-:nh»d vessels and bunkers

@ @ S U N
& O -r-ﬁ-i.- gl : Iﬁ EAS AR rl" CIMAC &=

P e R e —

CCS Provides solution for waterborne LNG valwe chain

Fig. 2-17 LNG value chain in China (CCS, 2016)

gHa& ofAlop A2 ING ARFIAHY dzFes dxe} oo W¥AGoR
B7VEE, FHET M AFsigod, AR LNG & AA s3] A,
=U AdFAY B3, d7FadA e 253 Zed B ARIEAR s
HAA Atk 2 20163 119 169 shgFAbRel AA54A-A 717 718
A AABAZRS] oA oA ING FHAE 2bgS me e g os

$4° o AAERE Tl taA5FA Ads Assta Uk

kAR 287 7)ol Host= ‘ING = Aub dAm A SAT &
TE P33 ik LNG
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A 3R g A4 A7, 95 B3 AR L A3y +F
Hloly 37t
31 73 Adur 43

311 AF 3 I= A3 H7

W% J5lS ECAZ MEF Z1& AAste] ECAS Faishs AHukg %7haieh ECA

£ Folshe T AU 2] A Pl 2NE Bk AP
A B eEHE BRTES olsistelol BTk 20159 A= FH A At 37

3= Aol 9lom ECA Hfgol B8 2oz diss Atz Handyman)d ¥
FXBulk carrieno] thal A= 2R S stgom, 1 AR AsEF SPHEOWD) Ha
A9l “aeotolg](Green Irig)E’ 7} 2018 296] A=EQTh B =Fo] oI )
Aol B ‘aPolo)g] AT’ = B15¢l AT AFQ YA BAAE|A Alo)o] &4
Aokl wet Fig. 3-13% o] safiolx] F AR A4 =2 &5& B9
#}. 7P o Clarksonoll A 2Ed A% Fg 3-29F 7o) 20160 A AA Aute]

FEE F4sE 23 daide] Hop ECA AL 7HAAL Sl

"
— o

-
" # 265 mile

Gwangyang.
S

-_.-;n'."-t.'

Fig. 3-1 Navigation area of Green Iris (ILSHIN Shipping, 2017) [40]
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Time Spent/in ECAs
% fleet spending time In an ECA
[ #<105% W1030% W30-50% W>50%|

Basis 2016 vessel
tracking dara.

60%

50%

40%

30%

20%

10%

® e s gesegoe g
$a§s5583¢E0

3 % 8

L%
Source: Clarksons SeaNet

Fig. 3-2 Time spent in ECAs (Clarkson, 2018) [41]

312 A7 Aol A4

Fig. 3-32 ¥ Aok Anute]l Aubu) X =(General arrangement, GA)o]m =
Aure] 2 A Y(Principal particulars)e- Table 3-13 #t}.

GENERAL ARRANGEMENT

Fig. 3-3 General arrangement of Green Iris (ILSHIN Shipping, 2017)
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Table 3-1 Principal particulars of Green Iris (ILSHIN Shipping, 2017)

Lengthim) ' LOA. Abt. 191
en
' LBP. 184
Breadth MLD.(m) 32.26
Depth  MLD.(m) 17.30
Design MLD. 10.15
Draft(m) ‘ &t
- Scant. MLD.  12.00
Gross tonnage(ton) 31,005
Deadweight(tonne, M/T) 50,655
_ - Approx. 14.0 knots at NCR of main
Service Speed ‘ . YV . .
engine including 10% power margin.
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2 ARgEte] Aduks 28] wZed 7
£9] HFOE Ag3td dzy golst dxe EHoz g ztol7t Ayt
INGE= w&, og, =23 T gt 729 EdEolH e (Methane)o]
87%~96% HE=E AAst7] W&ol wee] &8 3183 Addo] LNGe 54&
ZAA 3t Table 3-2& LNG, tjA 2 7l<&de] &g 3tz AAS v sk
o] T}H42].

X

jlg{ 4

=<

Table 3-2 Physicochemical properties of natural gas, diesel and gasoline

Low heating ‘
48.6 42.5 43.5
value (MJ/kg)
Cetane number - ‘ 52.1 13~17
Octane number 130 | . 85~95
Auto-ignition ‘
gt 537 ; 180~220 310
temperature(C) ‘
Stoichiometric |
air-fuel ratio 17.2 14.3 14.56
(kg/kg)
Carbon content
75 87 85.5
(%)
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322 FREYH} MAAE, FHE £Y

Aute] EAo) g H3F J)@AA F V1R QA A BAL Q8 AFAY
¢ AR H4" zeade 972l HPropeller design point)g i
| =(Layout diagram)$} 23 E(Load diagram)S A4tgith B dToAM=
dz A% 2 aT A oF "4 HolHE 9L F UE MAN ESAke

CEAS(Computerized engine application system) T2 1328 Sa) &2 31z3ic)

)
ok
2
N
=

{

MIAEA Ao A5 a7l wet Axlo] A& A 42 4 3
el = E4 AL H =9 (Specified maximum continuous rating, SMCR)o] &
A gk oL

Table 3-3 Principle particulars of target ship

Type MDT  6G50ME-C9.5-GlI, Tier Il
MCR TR 7 2&) kW X 88.7 rpm
Main Engine 5,597kW X 81.4rpm
NCR (10% power margin)
5,088 kW x 78.7rpm X 14kts
Turbocharger Type HYUNDAI-ABB  A165L37_1 set
~ 08 -
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Engine: 6G50ME-C9.5-Gl Step 319

Engine Layout Diagram

L1:10320

g
= L3:
g 8180
o L2:7740

6120

L4
79 Speed [rpm] 100
SMCR Speed SMCR Power Mom. Cont. Rating (NCR)
88.7) [rpm] 7250 [KW] 77.20) [%]
[78.0=100.0] [6,865 - 5.158] [50.0 - 100.0]

Fig. 3-4 MAN ES 6G50ME-C9.5-GI(Methane) Layout diagram

NCR2 SMCRY] 77.2%S5.2 5597 kW7 =, oluje] &= 28 HZE
o5 thet ge HomiE Tl Atk

p=cn’

. Power

bS]

- Constant number

o)

n: Revolution per minute

3 e 3A=4 Hl#st22,  NCRoIAY &£=5 8 34
x= /88.7°x5597/7250 ©] FEZ 814 rpme] Ht =, B Ao AAH &9

£ 5597kW x 8l.4rpme] T}

B d¥e] NCRe] SMCRe| 77.2%= ¢F 23%<] & <Axlupxlio]l H o]f& FHA

=9 Q9 727 Minimum propulsion power requirements to maintain the
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maneuverability of ships in adverse conditions)o] &% %17] wjZEo]t}t. Autal
21 2947 Al NCRel WA HAA® $ SMCRe| 4AHAE=H o] 778 A
Table 3-49} #& AAZH T2 Level 1o] B Aulo] HLFQom, o]
wet oS ge Aog HA 9T MCRS 3

axX DWT+b= 0.0763 % 50,655 + 3,374.3 = 7,239.3 kKW

7.239.3kW7} B adute] Hz a7HE MCRe] Hv, oo ma & Autel
SMCR-& 7,250 kW2 417 2TH43],

Table 3-4 Minimum propulsion power requirements level 1

Bulk carrier which DWT is less than 145,000 0.0763 3,374.3
Bulk carrier which DWT is 145,000 and 0\7/eir7 00490 7,329.0
“Tanker - 00652 59602

Combination c;rie? - B ‘7 See tanker above

Hedes Fgete] BH, B A5 i A2 Fig. 3-50 vebd 2 2
o] 944 ¥<(Load diagram)ol A & &xo] 7ha3tal ol Hi IHAFE 7]
#4759 105%0lth & 100% ¥7 52 220S sel= o] 100%°]
& F7Ve] gevd 5% i}“: S7He A&H o R &3
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—— Layout dingram Load dagram

Crverload diagram === Enainie design curve (propailer curve)

sennes Propelier design curve (light running)

T TR
| L= |
: | =]
g 0 it 1 _....;.;:_..e.....__.__..l__ TREREN
| = .
g. ! T o '.". !
g 10 i F-
o | o |
= - [ =t .
g | | | |
‘S e | s SN
af | |
| |
| |
[T PR o & 0SS AT The W11 B0, 19 W B DR E
5 70 75 8.8 90 /8 st 5 110 15 120

% of SMCR speed

Light running marngin (LRM] is T%. Recommended value is 4-10%. The LRM should be evaluated for each ship project depending on: In-
sefvid neiease of vessH resannse, thip MANGHIWING requirements and requirements relaled 15 3 possdbie bamed speed range (shost

passng time).
— - -

w = BEEE W = =
+ SMCR: Specified Maximum Continuous Rating (70.3% of NMCR) 7.250 88.7 8.7
0O MNCR: Normal Continuous Rating (77.2% of SMCR) 5507 814 4.0

Maximum over load (110% of SMCR) TRTE - -
A Maximum speed imit (105% of SMCR) = o931 s
Q L1, NMCR: Nominal Maximum Continuous Ratng 10,320 100.0 21.0

Fig. 3-5 MAN ES 6G50ME-C9.5-GI(Methane) with high load tuning
323 4893 By @ £19 HA AE

INGE dEE AHEsHAl "W 7]E9 AHEEHWE HFO9F Aol B4 43
L QAR e mEt FFH R oF 2] &Fo] a7EH. LNGY HE=
15C ol A oF 450kg/miol™ o]= ¢F 1,000kg/me] WES 7}x 1 %= HFOY
Ats B2 e fe 2 oF 22u)9 SUM7F Basit. olshe AoldA Ta
2 LNG7} HaA o g 50 MI/kge 2 ¢F 40.6 MJ/kge] HFORTH 1.2 =7] W&
o] 0.84u1¢] B8 A Qo) olQox INGHARE Fo] oktdo] #A3 @
TAFES E3ete] TRHoE AHsGlS W, dRRIA= H4 20=E S7slok
El=2

ING 9583 E FxL29 INGE AAstEE dF4=0] g, 9xxE o
— 31 —
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H, Aev & BAEY 35 Ado] et olF WEdste 55 AEL 9%
Ni steels, nickel-based austenitic stainless steels, aluminum alloys % high
manganese austenitic steel 5ol £A3c} B AFo] g At AA HAx=2
20%017&2] W3to] e WIS AHER INGARHAE At 9=
B3 BYoEAE 7MY W AdFo] e BY C =43 B8as AH8s

15
g9 7L AR A5rEFH XM 3 o] A5t o)

YAE MAN ESARS] 6G50ME-C9.5-GI QIR o]lFdE dRo=E A9 IdE
Z(Lower calorific value, LCV)o] 42.7 MJ/kg(10,200 kcal/kg)Ql HAAFE A&
3lo] A-g==(Normal continuous rating, NCR)Z &-8f&t 749 ¢F 20.98 MT/day
o] Agr} A" LCVZF 50 MI/kgRl 71285 E AFg3le] NCRZ &3lE 7
£ <F 16.41 MT/day9] 7t2=d w7} 252},

2
e
>
iy O
2
)
ol

AERF REEZ AREE wf oF 53007t & e
cd o oF 3600ntde AT F U=
INGHAZ® F9] &3S 500 i 2 A3t} Table 3-5=
o] Fig. 3-6-> B3 tjAlo|th

Table 3-5 Specifications of LNG fuel tank

Type IMO type C tank (500 ni)
Design  pressure 0.7 MPa
BOR(Boil-off rate) < 0.2v0l.%/day, Vacuum-Pearlite insulation
Dimension(mm) ¢ 7,000 (O.D.) x L 18,700

High Mn steel (Inner tank)
+ SA 516-70(Outer tank)

Material
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,— Inner tank : High Mn steel

j / Outer tank : SA 516-70
-';

~—— Manhole

— e
| : LNG
& posco

p——
Fixed side Sliding side

Fig. 3-6 Design of LNG fuel tank (IIshin shipping, 2017)
324 LNG €8 F3X49 F8 74 84

INGE |82 A&7 feids 71ES d&8f ol SA4L9 7t2dsE
27 9|3 A 24 So] 27=HEth INGARE AR &+ Qs ZALL o
2837 AXEY, A8 322 Ad7R AR ZFAEQ FGSS7F +45H

7] g #H AN ES] FriAY. Aukel AA " ZE 7]7] wjxo] #I3E
A8FS IGF Codedll wel Auke] obA g Z=woA 118 9 HA wjx =),

B AT i Addhe MAN ESARS] F718S AHEStEE FGSSe 7h=d &7
45T, 300 barg®] =7o] HEF A|xHlo] A HAT Fig. 3-72 AA 97 iy
Aol FGSSelt). AR o g JbE 7kxaE HP FZ(pump)E Eall 300 barg= &

< &gl HP 7]8}7](VaporizenE %3 40C~45C&E &5 HFo 7t~
9 ¥ AGE @95t Gas valve traing T3l d¥oz FFHTE e &
o] 7k2E FEstAl HE sh2x o]zt AYR kst gy @4 2 b~
FFo] dFaA] XS 5 Yr] i o) stx 22 L7 wdAY ARE o

A 5

7] A= 7}*0427} 8715
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STEAM

GLYCOL PUMP

LP VAPORIZER

GW TANK

LNG SUPPLY PUMP

GLYCOL PUMP
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Fig. 3-7 Fuel Gas Supply System of Iishin Green Irls (Ilshin, 2017)

INGHEE AL st A= A #8890 £ i A sajatel
A Hazgs T3 INGR7Z< AAY. 8328 402 60=< o5 &
o] oF 9AZto] Ao M WA o] BARZ/A] EHoE R N,E o] &3}
o  Er|(VentinpAAET. WHE  <kdd A% AL IGF  Code,
IACS(International ~ association ~ of ~ classification  society)  Guidelines,
[APH(International association of ports and harbors) Check list 2 Guideline &
= A A w2t Fig. 3-82 o)/t Awvle]l LNG bunker station = LNGH#H

o Aot

_34_

Collection @ kmou



) 0
LA S,
\Eu-nr:- o [
20.5m =n = o =

. D,- ! 5 :. |
| At o
HIEERR N E |i:|||.E° 1 b e g e —— = g
sgm [T e
{F | v o | = ;“I B -y T —— 4
mm“;mn! ! I|I t ﬁ‘ﬁ- ) i
[~ - 1 D00 G !
I-I ul—__ REARESRET oS e _L s
T : Illllllllilllljlll-lrr
L I ==

i PO | On FRa

Fig. 3-8 LNG bunker station and FGSS of Iishin Green Irls (Ilshin, 2017)

_35_

Collection @ kmou



33 g ARY +F HF M

B =&olA= MAN ESAS] ME-GI & A7 i Adukel 5+ 7j#o=w Al
getath. 71= AAAS] A Ql MEAIAA 7F2As8E AFES e olF
d&7]#Dual fuel engine), ©]sH]&#E=](Double wall pipes), +z174=|(Safety)
57e] Bsi 7delti44]. Fig 3-9= ME-Gl 7t2d4s 9 8 74oln
Ty g, Tt APEE g BAE2s Ao] 8 Gas control blocke] A X E %
o 7t2dsE FYS AMESte] Window WHE AX AdHG AWME Fi &
AbE e &2 Y oL TtAR RHEE VPR RE, Th29 AR

%

o Wlge ARa zAs LdeE RE, ALY AL LHEE ®

Gas
injection
valve

valve

- Blow-off
B valve

E . Purge
valve

—_— O . . .

Fig. 3-9 New parts on the ME-GI engine (MAN ES, 2017) [45]
13H3EB00barg)7t2~E F AEE AESIEE W|BAAX = o|FHlTBOoZ At
o] 150%2 AAETY AHHY(Common rail) Halojth 9F o)z F
=

TAEL dB X (Sealing oil system), 37]#X](Ventilation system),

fo

g

o
of\

A7v 2~ Fa7& X (nert gas system), 7235 7X](Gas supply system)o|Tt. ©]
& Atol Fztel HC(Hydrocarbom A& dX|ste] 7k 4 Al 7h~g 58 A
3}

R

av
o

_36_

Collection @ kmou



ZAR U= b =
?18 Fig. 3-103 Zo] LNGHE ®AdA 7I2dASWE7A S dde 34 H
A"l el 107H7F de AlA7E EA%H. Be Alole AAA| o ZA <l
ECS(Engine control system)oll Al o] Am, 7]& HAzFA oA SF(Second fuel)
@4 ECS7} F718 Y. SF-EDS&= =LA Safetye} Controle] 1o Safety unite
Z A& 7txFFo] A= Control unite 2 Q13| 7t o] A H A8
fr AHERER SA v A foh

g Inert gas

system
LNG
tank mg

Fig. 3-10 System configuration of ME-GI (MAN ES, 2017)

331 4% 54 ¥ 1@

POSCO-MAN ES-NAPA<} dZ3ale] 20183 49 9, 6¢¥€ 6¥ 2x+d

‘O”ofelgj 2% & WSt 54 3 gE dA] INGE dRE % T
0 18 =

=
Azl HolEE &3 Axlel &Y 3l & AAEL Ao HolH

N
u
>
[
ol
ro
=
>
i
t
wn
>
2>
1o
O
o
O
o
i
5
)
93
)
)
=
Ll
et
ofo
ol
ol
=
2
™
ox,
off
St

2

/_\j‘
< 93k A% wlo]El2l MAN ES Ate] PMI dlolE]E @&ttt &x9 Q7
2o JupA P JtaBA BALS 915te] NAPA AHY] 4584 dolHE
sa

_87_

Collection @ kmou



o
oF
oy
T
Th
JJo

o
T
o

o

o

)
X
Th

H
oy
i

0

X

ol

Table 3-6

TR A

Table 3-6 Shop test data

77.2%

75%

50%

Pressure

150 183 184
144.96 176.67 178.3

Measured
Corrected
Measured

Prax

110 143 147
105.8 137.04 141.36

Corrected

bar

PCOIIID

1.7063 1.814
1.6514 1.7561

0.9022
0.8796

Measured
Corrected

PSC&V

a

fl ol A AdHkel] x4 =

3]

o] AEE7] =i

)

—
o

uze)
iiin

=K

o] HEu= 3 A&

19578 74714

o

op

Xl

=

o

N
Np

Sl
yul

stefof gttt Table 3-72 1SO #

3

2

IEA=

I

o]

5
T

Table 3-8}

|
)

tolHE A&str] ¢l A

o] AgHth

—

o
3

X
ol
0

_38_

ction @ Kmou

&
L

Coll



Table 3-7 ISO standard condition

Ambient air pressure 1,000 mbarg
Ambient air temperature 25T
Cooling water temperature 25C

* For practical reason, scavenge air temperature can be used 37C

Table 3-8 Data conversion to ISO condition

m(100 - 0.2198 x A Tiy + 0.081 x ATy + 0.22 x
A Pamp=0.005278 x APback)/IOO
m(100 - 02954 X AT + 0.153 X AT+ 0.0301 x
ISO Pcomp
APamp = 0.007021 X A Pyac)/100
m(100 - 0.2856 X ATy + 0.222 X ATs + 0.0293 x
ISO Pscab
AP — 0.006788 X A Praci)/100

* A: reference-measured, m: m: measured, Tiy: T/C inlet temp,
Ts: scavenging-air temp, Pam,: ambient pressure, Pp,: maximum pressure,

Peomp: compression pressure, Ps,: scavenging-air pressure, Ppac: back pressure

ZAFEL 9% A vty 98] SO EF2trzno =2 ARG
o I As}= Table 3-77 Fig. 3-113% 2uh A &4 Ao &4z a 4
Ao o] Ha dgo] A H R Yolx|= AFE Ho|al 65%F-3tol A wol
A&

heo] 10 bargd =2 b4 Atk AR £ae] @gEel Ay Aedn
S dehtE ol fi t1EA, AbdE B e AAEY Jolo] ©E IF
o2 Alg®ch
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Table 3-9 Averaged pressure measurement at various engine loads in ISO condition

Pmax Pcomp Pscav Pmax Pcomp Pscav
Measured 159.6 119 1.1 155.6 116.1 1.04
50%
Corrected 154.24  114.46 1.0724  150.37 111.67  1.0137
Measured 182.4 152.6 1.86 172.7 133.3 1.45
65%
Corrected 176.19  136.66 1.5872 166.9 128.21 1.4136
Measured 184.5 158 | 2.03 185 152.7 1.95
77.2% N\ NI
Corrected 178.82  151.94 1.9652 178.6 146.24  1.8873
200
175
150
125
100
S Al2E
7 429
50
"' Pcomp Pmax Ps; Pcomp Pmax Ps; Pcomp Pmax F‘;
50% 50% 50% 65% 65% 65% 77.2% T7713% 774%
(NCR) = (NCR) = (NCR)

Fig. 3-11 Bar graph_Averaged pressure measurement at various engine loads in ISO
condition
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ow Measured Speed-Power Data (Ballast)
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Fig. 3-17 Measured speed-power data_Ballast (NAPA)
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ILSHIN GREEN IRIS_Tank Press & Temp_180315-180531
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Fig. 3-18 LNG tank pressure & temperature (NAPA)
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