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A Study on Operational Characteristics of

High Pressure LNG Fuel Gas Supply System

Cheon, Jeong Min

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract
The 70th MEPC held in IMO on October 2016 decided that ship’s fuel oil

which contains sulfur under 0.5% can be used only from 2020. Heavy
fuel oil included over 0.5% sulfur will not be able to use ship’s fuel. Due
to this reason, alternative fuels, such as low sulfur fuel, MDO, MGO,
LNG, Methanol etc, are suggested. Especially LNG is being evaluated as
the most suitable alternative fuel because of its economic feasibility and
effectiveness of reducing emissions. So an increase in order for engines
which use LNG and LNG supply facilities is expected. But there is lack
of accumulated experiences about high pressure LNG fuel supply system,

because it is a system developed recently. Therefore, LNG fuel supply
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system was designed and studied by process design system software.
Because LP pump product pressure is difficult optimized pressure to
define. In this paper, conduct an experiment by LNG fuel supply system
test facility about optimized LP pump product pressure. Also, it 1s
important that cooling LNG fuel supply system down under specific
degree before operation because LNG fuel supply system applied
cryogenic fluid. However, there is difficulty of defining optimal cool down
temperature. So optimal cool down temperature was defined by process
simulation software. Recently, imperfection of high pressure LNG fuel
supply system stood out, one of them is pulsation of discharge pressure.
The purpose of this thesis 1s to study pulsation of LNG fuel supply

system by experiment, and suggest improved operation method.

KEY WORDS: LNG H3}d A 7}2; Cool down temperature | WY %; Booster
pump 7}¥E3E; Fuel gas supply system 7F2AS-&FFA|2Hl; Process

simulation &4 Al&d# olA
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1.1 97 94

715 W3}l gk = 717F @ o)A (IPCC, Intergovernmental Panel on Climate Change)2]
A Haxes v 7|EHstet 7wyt 2dd A3 H dFS BT
B Hixe 24 7t2uEE st AA 9 AEAl Azt F st

T 4
Malsl s a ol 4 ¢l WEZL WA Rolgn Ansd

vl oy 7SI (NAS, National Academy of Sciences)S A 723 = 340
Aesle Zo] uid 2.74 mE 7|E9 AFRG Z7E0] =tE BRIAE 20164
ATt o2 st HEjBE Y A Q1Y FEFXFY 9N A T 24 A

olw] ZhepekAl HAL 50 FH A 7 A ESE rtegtA 2 Aolgtal o=

M=ol 247F
2C Hop gt2 1.5C olstz & < =5 =¥sir 20504 U}Xl ATE 2247E
MEds T 002 e As HiEE shal o

o] AAAES AAS I Hi7HlEE FE5e AT AT AT Al EASH 7 STt
A= ECA(Emission Control Area, ¥} 7|W&E&E AA| ) AAHS Tt wj7wi&E
TAE A1 As . EEDI(Energy Efficiency Design Index, A1Z4 oY A A &
A42), EEOI(Energy Efficiency Operation Index, 3 A4t UYx] & AF) 5 &
A7V2E 5357 A A9 TierllE 53 NOx(AA4HsHE) 14|, SECA(Sulfur
Emission Control Area)& &3 SOx(34sh=) 74| & kol At} 53] $ikst=9 74

Collection @ kmou



- A 702F | YFBBRS AL A A 2020 FE A o] FAEE grAlE A
o =M wi7uiEEd ek TrA7F B AstE o] Adute] Bl AW e
Agko] FastA HAT

olo whe} A AZFAF R ZHAN M= 24P AHAK(G and X type engine)S F
g FFAIES duA Ze FE, YA &8s F API(ESS, Energy Saving
System), ¥} 717}~ =3H(EGR, Exhaust Gas Recirculation) A|2=%], A& 2 93]
(SCR, Selective Catalytic Reduction) A|2®l & TSt A 28-S A9 |2 o=
ATE JPeAT. By ofe} 7€ A5 MAAEF(HFO), MDO T2 thAI S
T de A A5 ek A7 AP E A LNG(Liquefied natural Gas) G8S At
&3t= o] Fa3 A2 YFH U

T3 MEPC 623 3)9jo|A] 2124 AR &&AZ(EEDD) S Auto| YA & &
3] (SEEMP, Ship Energy Management Plan)S &3tk LNG= 37 A5 2 A
ojptster s HiE AL B Aml Mgt w7 wiEdl o]itster A wjE o] Azhd
th. Table 1.1 =AISAZ]FolA 2R3 AEE o|4FstetA vl = A =0t

Table 1.1 Carbon content conversion factor for fuel typem

CF
Fuel Type
(t-COy/ t-Fuel)

Diesel/Gas Oil (e.g. ISO 8127 Grades DMX through DMB) 3.206
Light Fuel Oil (LFO) (e.g. ISO 8127 Grades RMA through RMD) 3.151
Heavy Fuel Oil (HFO) (e.g. ISO 8127 Grades RME through RMK) 3.114
Liquefied Petroleum Gas (LPG) (Propane) 3.000
Liquefied Petroleum Gas (LPG) (Butane) 3.030
Liquefied Natural Gas (LNG) 2.750
Methanol 1.375
Ethanol 1.913
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Fig.1.1 Forecast for LNG fuel consumption and increasing of LNG fuelled shipLZJ
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INGE 71 Auhg F69) s

[e)
2otk Table 2.1& LNGY Fo ARl oE

Table 2.1 Methane, Ethane, Propane properties[5]

Densit Auto-1
Chari | Mole | . CERY. Critical | Critical u,uf“ Combust
Bailing | - . nition
Proper | ca | cular , Liqu | Vapo | temper | Press & ion
) ) point : tempe
—ties | fomm | welg . id ur ature ure scale
| one | O ) | vy | T (o)
. kg/m' Yo °

Methare | CHy | 16.04 | -161.5| 042 | 0.716 | -82.6 4.60 o537 | 5.0~15.0

Ethane | CoHs | 30.07 | -88.6 | 0.54 | 1.3562 | = 32.2 4.87 472 | 29~13.0

Propane | C3Hsg | 44.10 | -42.1 | 0.58 | 2.0098 | 96.6 424 450 | 2.0~95

Table 2.2 LNG CornpositionL6J

Properties Composition (%)
Methane 89.26
Ethane 8.64
Propane 1.44
i-butane 0.27
n-butane 0.35
1-pentane 0
n-pentane 0
Nitrogen 0.04

3L T8 A5 ¥dFs vadt otk ING= Z2FH9=Z vud 4
A

2.3 il
G SEEF B oRETFNA TP w2 TETFE Hola th



Table 2.3 Comparison of calorific value ship’s fuel”

Gross calorific value Net calorific value
. Ton of al Ton of al
Foergy 1 Unit 1y b jeal | eqivdat | MJ | keal | eqivdet
(10 toe) (10 *toe)
LNG kgf 54.6 13,040 1,304 49.3 11,780 1.178
Bunker A L 38.9 9,290 0.929 36.4 8,700 0,87
Bunker C L 41.6 9,950 0,995 39.2 9,360 0.936
Crude Oil kgf 44.9 10,730 1.073 42.2 10,080 1.008
Gasoline L 32.6 7,780 0.778 30.3 7,230 0.723
Diesel oil L 37.7 9,010 0.901 35.3 8,420 0.842
* (Gross calorific value : Included latent heat of vaporization in combustion
* Net calorific value : Excluded latent heat of vaporization in combustion
* Ton of oil equivalent : Calorific value for 1ton of crude 0il(10"kcal)

S Ugd gz —163CoAE oF 0.8 bare] YA
Fol A Bol 74l e 140CoM= <F 5 bard oY

0 10 2030 40 50 &0 T0O 80 B0 100 110 120 130 140 150 160 170 180 190
o]

Vapour Pressure (bar or 0.1 MPa)
=
&

» Critical point

a1
=
s
0,005 L

0 10 20 30 40 50 60 V0 OBO S0 100 N0 120 130 140 150 160 1T 180 150

Temperature (K}

SR R ES0 240 A0 RED M0 D00 190 180 -0 360 S0 40 130 10 -0 00 B0 60

Temperature (°C)

Fig.2.1 Methane critical pressure graph'®
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Table 2.4°]X = LNGo| ¥3%%H Methane, Ethane, Propane, Butane, Pentane,

Nitrogen® &4 %] 3k o]t}

Table 2.4 Properties of LNG

at 15C(kJ/kg)

Methane | Ethane | Propane | Butane | Pentane | Nitrogen
Molecular Weight 16.042 | 30.068 | 44.096 | 58.120 | 72.150 28.016
Boiling point at
. -161 -38.6 -42.1 -05 36.1 -195.8
1 bar abs(T)
Liquid density at
- , , 0.426 0.5441 0.5807 | 0.6018 | 0.6102 0.8086
boiling point(kg/m’)
Vapour RD at 15 C | 0.553 1.04 1.55 2.00 2.49 0.97
Gas volume liquid
ratio at boiling 619 431 311 222 205 694
point and 1 bar abs
Flammable limits in Non—
) 53~14 | 31~125| 21~95 | 18K5 3~124
air by Volume (%) flarmmable
Auto-ignition
. 595 510 468 365 - -
temperature(C)
Gross heating value
55,050 | 51,870 | 50,360 | 49,520 | 49,010
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2.1.2 LNG 94 &4

LNG] F£ 4352 A&u-g4]L Table 2.59 2T},

Table 2.5 Properties of LNG reaction formula
Methane(CHy) CHy + 20, — CO, + 2H20

Ethane (C2Hs) CoHg + 3.50, — 2C0O, +32H20
Propane(CsHzg) Cs3Hg + 50, — 3CO; + 4H-0
Butane (C4Hio) C4Hio + 6.50; — 4CO, + 5H-0
Iso—pentane(GsHiz) CsHiz + 80, — 5C0Oz + 6H20

s

Table 2.29] LNGO FLT7AAAES HES vlgoE A4k HES2S LNG d89
ALHIS 2SS A (2.1)7 2ol A Byt (AYEd= 9,550 kcal/Nm')

892CHy +86CyHs +14CsHs + 3CsH1o + 3231(02+4N3)

— 1118C0, + 4226H.0 +12924N, (2.1)

LNGE 94 AlgE
(Wobbe Index)”7} =

gelstr] Yl = CV(Calorific Value, @< zF) et AW A4

ko
r

ko 4
o

by

£

Wobbe Indexe= 2]2.29} o] A47]o] gk oA Z7|E el = AF=E
Vi

A EEFY W T gdrE RAET TtE SRS dASkE AEEA olE Hoh

=V (2.2)

AW Wobbe Number
CV Calorific Value
p 0C, latm gas density
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Fig.2.2E Zt =7l A FF 5= LNG A A5 H9S yeld 2ol

EASEEgas | [

USA NGC+ AN
Japan =
Germany mm
France =
Italy (L
Spain A
UK

50 52 54
Wobbe Index

46

Fig.2.2 Distribution map for Wobbe Index™

=W EAZEE ARAsE AREEAARE AAE wWE® 51.50~56.52
(12,300~13,500 kcal/m’)e|t}. CIMAC WG 17 Gas Quality on Gas Engine Performance,
2015—07(1st Edition)9] RIAME nlgto 2 oo WA e F7lHE Ao|shH
EASEEgas(European Gas & Power Service Provider)+ ¢ A% wl-$ Y& RS
g 7HA J=dH FHY g4 1719 LNG 335 AI&He=Z sty H2 AFHE
2

4 7M1= Aol 5ot

7= ARREE LNGY A4 F4E dAdste 7|Eo= "EsHMN,
Methane Number)”7} AF&EH Xt We7tEs &3] W7 sixe SE71e] o] 3
7b $AFew Fastth WErtE Fete WS 3A 47k WHol At MN
AVL, MN Gas ¥, MN MWN, MN DGC W2jo] dt}. 7F2=gFAel AR A ZALe]
S E3le] 197139 2R H AVL Dataol] 27+ & AVLYES A AlAZo=E
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Fig.2.3& "W|g&7}& Al4Fsk= MN AVL, MN Gascale, MN MWM, MN DGC®] Al4+ak
o Aol BeiFE TYZ o]t

MN AVL

95 - — AN GasCale

—N MWM

MNDGC
]

75

70

MN [-]

65

55 <

50 . - ~ - -
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

sample No.

Fig.2.3 Analysis for Methane Number calculation result”

serle BEdudl U@ AUARY =3 S48
(iso—octane, CsHis)9 S &71= 100, A3 € (Normal heptane, C7His) S SIS 0
Aot & Ao HErt FE o|&HY. S =5 & =ade A
M SE7F 10003t A SE7bs o] AL Feke] AXHIE FAIEIY. 4E
77 9091 RFEABE AHBE o)A e 90%9 AT 10%5 EFT
o A o2 R drxT4de g A X H(Research method : ASTM D2699, EN ISO
25164, KSM 2039)3 = EH (Motor method : ASTM D2700, EN ISO 25163, KSM 2045)
o] Aot EHY WS T3l SEVFE Fote 4 (2.3)F 2o

=5
EK

Nete qx2d olrsw
o

=

ol
ol

B ofy

©

Motor Octane Number(MON) = —406.14 +508.04(H/C) — 173.55(H/C)* + 20.17(H/C)° (2.3)

H : hydro gen

C ' carbon ratio
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AA7F~9] A oF 115~130 =29 MON zko] y&th Hert= 44 (hydrogen)
o} §t4x(carbon) ¥ Hl(ratio) ¢} #HEEH A Utk 53] HA7I2=9] QHE =S A
ste HErte Y A AZH7] Wil 7=l A Ao Fad AR H
7hEl A3 Tk WEtE ALk 4(2.3)3 2

Methane Number = 1.624MON—-119.1 (2.4)

olFAENY A5 wErtrt S B9 A(fulDF3 E7Fs, =7 (knocking) &
BEAAALZ <13 AR z|ofo] wAsto g wgtrlo] Wzt $=ylo] ¢ltl. Table
A ZF vlFEH PlES e E2A4 dwert 800]sY

Table 2.6 In 2015, comparison methane number following area of production[m]

Methane number LNG trade LNG trade
below MN(Mt) affected(%)
65 0 0
70 ol 3
75 151.74 66
30 204.55 38
olTARAEY FF ZIEolH= WErE 80 ©]3e] LNG &5 HlT2 22%°]H MN
70 ~ 75 ¥HEE HFTL 63%°] E35t] DF A 844 EAHOE dFH
Qe FRo|th o]& FEE 7|95ty sl AA A7 (HC remover), #lE7E B4
Sol T o] wWgrte e EAHLS S5l 2 AL=E Al dH

Fig.2.4%= LNG A2kA]o] W& Wert 2¥xcE Jehd a8 = o)1 Fig.2.5% LNG
LA gLl G R grol] w2 B X T ol
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Fig.2.5 Comparison of methane number and Wobbe Index
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2.1.3 A A}o]Z(Diesel Cycle)S F L3 7244 A

2010t =¥k MDT 7]EAtoll e HA Alo]ES 7|WHO R 3t A&9 23147
2l ME—-GIdZ & 7)asle] A& ARt 7]€2] HFO(Heavy Fuel Oil)& A}
&3l MEAZIA A LNGE F+ 9852 AT & UES Tf 37 TAFdes HE=
300 bar®] Z7|A|GH Y 7t2E dAL4d = AlzHlo] Fasith. 7
£ 3 et = AX o= ME RS 7fxste] ME-GI o2 A 4

e Al2dolth,

ME—-GINZ& 300 bar®] 714 AEiQ] 7F2A5E AYUY ddd ZHEH= <
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Fig.2.7 X-DF engine combustion process
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Fig 2.12 X-DF engine gas admission valve arrangement''*'

Fig 2.13 X-DF engine pilot fuel injectors and main fuel injector

Pilot fuel injectors

Main fuel injector

[14]

Fig.2.129} Fig.2.13& 7]&9] A RAgA X-DF Aoz AE3}7] 95t F7lEE=

WX FAAEFS WERE 2ot
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Table 2.6 FGSS component for Engine type

ME—-GI DEDE X-DF
Engine
Rolls—Royce / MDT / )
Maker MDT Wartsila / Hyms WinGD
Require
300 bar 5.5~7 bar 16 bar
Pressure
Adjusted .
Diesel Cycle Otto Cycle Otto Cycle
Cycle
FGS HP Pump + HP LP Vaporizer + LP Booster Pump +
Component Vaporizer PBC LP Vaporizer
Heating Glycol Water Glycol Water )
Source (Electric Heating) (Waste Heat) Glycol / Oil
Applicable VLCC, Container, | Car Ferry, RO—RO, VLCC, Container,
PP Bulk, PC, Cruise RO-PAX, Tug Bulk, PC, Cruise

Table 2.6 LNG A5 F348e OAl Alo|&S A L3 ME-GIAR, LE Alo]&
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Engine room
BSBOME-GI

LNG Supply System
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Vaporiser o o o
i Typical DF GenSSats
XD
From/to ‘a'vu
Glycol Water Skid 5_: _ .
BOG Compressor G
Fig.2.16 Example of LNG fuel supply system(Pressure vapourizer unit type)l17J
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Pressure Build up Unit
Hot Water Outlet AVL Methane
Methane Number £44 7|

( LNG :D &

VAPOURIZER e
Buffer Gas &/ =&

Hot Water Inlet Tank

" BJH e D R

Gas Valve Unit
Fig.2.17 Diagram of LNG fuel gas supply system for X-DF engine
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2.2.2 LNG 98
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>
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Fo
-
oX,
4

(1) LNG Tank

A3k Al~"H o Z R Membrane
JT}. Table 2.79| = Z+ &8 =9

;O

Table 2.7 Comparison for each LNG tank

Membrane Independent type
KC LNG
GTT GTT
Tech [HI-SPB Type-
MarkIIl NO % ec . MOSS S ype—C
KC-1
Construct
on
5 -
Primary | 1. Al alloy, | Al alloy Sgte/‘; 11\3;
membrane STS 0.7 ram STS 50 mm max 30 mm STS AL
Triplex Invar
(Two (36%
Secondary | layer of | Ni alloy
NMenbrare glass Steel)
cloth +
AL Foil)
Parti :
ﬁaItl”. al Avalzble No limitation on No
bt No filling level limitatio
(Sloshing | reinforced limitation
t any msulation on filling but ey non
aﬁ”_ interrel enbers | filling
o be level are required level
level) required
T U I O v B S
Barrier | Required | Required | Required (leilp tray) (Dr?p ray)
W < 025 bar | 0.7 bar < 0.7 bar 0.7 bar > 2Zbar
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b5k, Ed LNGe H|ZL 0.45~0.50 o]t} 28U Aukg =6= 098~1.0 9=
A% o] MM T w) shg Sojuol Aok LNG ®He] wiAsh AH ] Zbe
LNG dg%249 Atz Ae7] 93 A% 2 ooz nain.
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Mo
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Fig.2.18 LNG fuelled container vessel tank arrangementL22J
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Collection @ kmou



(2) 8932 48 A58 718 7)(Pressure Build up Unit)

B3 Y Ges J)slE A% AHE

il = Hel &
ST B FAFS S0 HZ = A=717F sle JteAnel #8517 98k
aHE AFoZ A= 3}

(3) AY LNG &5 € ¥ Z(Fuel gas pump)
H

A THE FZ= BHE LNG B3 WiRol s 1t H2 238 Ee A%
& <zl A5E FFoted E8AT AY LNG 358 FZe d4AFEE Fu=
AZEo] 0 ~ 20 bar® LNGE EZEdt] ALSAZE B A ok 8-S =dst= W
Ao 74 M F 354 X] (Variable Frequency Drive, T34 24 #Ax)), B 798 9
M=ot rujas F8std fde 2HsH Hoh ts "2 ARTATHEEEL

Operator
— B
N Auto
Autol SP ———
. PT/ O+—— Operator
Position PV \'/ PV, Position P i
Controller [

W Controller O CAS

OpP
\ Load
) sp|  Controller
Operator

A 4

Tank Return Pump Load(%)
* Load = Current Ampere/Rated
Ampere

Fuel LNG pump

Fig.2.19 Fuel gas pump(Low pressure pump) control diagram
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(4) 119} LNG F 58 ¥ = (Piston type pump)
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Fig.2.20 1,100 horsepower cryogenic reciprocating pump performance map in 60 |5
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P= LZi. a/ VT (3.3)
V—=b V(V+b)

Peng—Robinson A8 WA 2 Peng®} Robinsono] A¢rst €sl=4¢ PVT
(Pressure volume temperature)s=XS  9al Akt 3% GHEH WA 2ot
Peng—Robinson 8] WA AFHorw dife] RAALS 7hsstA a7 HE
of 3z AeEiRAA F 7Y FUA ABE Aol ARSI vk Peng—Robinson
} 212 Soave—Redlich—Kwong el 43} Redlich—Kwong WAL 7|&
FHBAAEG FA S S FA RS HAERNeY 2= 0.33302 A
HEO UiF A oS5 7 A3 dA|9 Fx ALkl & A7 FRke
Zkekste] 7l uthe] Peng¥ Robinsono] YA oA < %?lx}%k% 0.3075
Functional Form& WH33sIAt}h 1 4l 2 (3.4)02 TdH..

ok

Lo

Aol
=t ol

=S

gl
Tl

5 ¢
=
T—
-

N

- RT a(7) (3.4)
Vi—b  (V,(Vy,+b)+b(1,,—b) ‘
a(7) = molecular attration parameter
b = molecular repulsion parameter
R = dut7| A S
v = Molar volume

9] Aol A  Functional Formo] b(V—-b)E Fr7}do=zxn dBAo] JFuA|ALS
.]

ol
Soave—Redlich—Kwong 2] ®.t} 7] A3}5 2.7 Peng Robinson WA 24-& FA a4

o] 7]

2 ¥R er g2 AREHI vk E3 AR For A" o Fe 4
(3.5)% A

a = [1+(0.37464 +1.54226w — 0.26992uw” )(1.0 — 7,"°)]? (3.5)

Peng Robinson A4S Soave’} W &3 Redlich—Kwong A E] WA HT A
o] AxAAA €A JHS7F 6700l A 1074401 9] E7d d 9] erEA Al ol A

d
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3AF S AN S dutF o BASY te 4(3.6)3 o] xd A

(3.6)

T V=b VbVt wh?

A Ao u2t wike van der Waals, Redlich—Kwong, Soave—Redlich—Kwong,

T Peng Robinson e 2] tisle] b3 % o] =&HT

Table 3.1 In equation of state, u, w value, Z.(compressibility factor)

Equation u W Z,
van der Waals 0 0 0.375
Redlich-Kwong 1 0 0.333
Soave-Redlich-Kwong 1 0 0.333
Peng—-Robinson -2 <% 0.3075

HEAA gro]l BF 0.35 dErh 2¥d AA f

1A ¢F=91aF S CH,.7F 0.2880, CoHe7} 0.28400]
(o]

f
=4
=2
1o
ol
ol
o g
uls
)
)
=2
>
Lo
o

d
o
=
o

5 =t} o
Peng Robinson WA 2ol ity st FA BALZ]| o AFEEH AL Q). o] olf+=

sty Aol 9lo] K—Value(719) Han])) &% A, A 4 ko] 2317 W&
o]t}. Peng Robinson AEjWA AL AA 71A <, He EEdoE B

5}
LNG g aA2dY w84 72 dedgaes d4saiq.
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3.2 LNG 95 33A2Y FAEY A5 ==

SF3FAEHY RdES Yste] diddute] gk Ao Qs

e dE AW =719 19,000 teu v HH oY #¥HAQ 'CSCL GLOBE'Z
o dS Aoz AAstAn. § AdEre] X2 12590ME-C9.2019 & A
S 7txdiR o 7 Mg 12S90ME—C10.5—GIZ1(69,720 kW) o2 XA 3} FGSSe| 5
8 FAES HAE P Table 3.2 12S90ME-GI Az o] &g ako]t},

m&:

5‘.:

=l

Table 3.2 12S90ME-C10.5-GI (ISO Condition)"*

, _ SMCR NCR
Fuel o1l & gas consumption
(g/kW+h) (g/kW-h)
SFOC
o _ _ 164.6 160.7
(Specific Fuel Oil Consumption)
SGC 136.7 129.9°
(Specific Gas Consumption) 179.8™ 170.9
SPOC
o . _ 52 6.3
(Specific Pilot Oil Consumption)
* LCV 50,000 kJ/kg(11,942.2 kcal/kg)
*+ LCV 38,000k]J/kg(9,076.1 kcal/kg)
Korea gas corporation announced CV 49,320.5k]J/kg (11,780 kcal’kg)

A" Xlo] Hdeyoz s AR ZeArt Aiste LHTEFH AALEF
o

S 71Fo 2 & A9 9,384 kg/h(50,000 kl/kg A-8), 12,540 keg/h(38,000 kJ/kg Z-8)

| A7 9] 110%7HA] A3 W&ol 10% vlRS
Aurd = 71 10,321 kg/h, AL 7|5 13,794 kg/h 2 AALE O] AR A ZA |
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A @78k FGSS frade AQEE=S 7|2 110% AXFS7HA AHE + A%
=)

5% AZolw NCR &AA| 7}24 v 7,.834.44 kg/h, B39
2 9F 3.6% F=olth 50% B3t E &F 6.3% 71 An|ET) A
2 &8 A 5713t Table 3.30] w2 A
17.6%7MA At de 7ttt Hetede Fad wep HEZdo] 2

o Qa3 M3t A 100% +AA] M3t o] AHlES 363 kg/h
3
o

=]

B 2
Auke] 71 AAA MCRE 71202 A4S A% 430 ALA Aukly F2 A}
§Y ¥alE o 93 S Agsor ¥ oz nalY

o
Table 3.4 olX= Fabd 3t oo F7hE B S7Hl&d thsto] A2ttt

Table 3.3 12S0ME-C105-GI Gas & ail consurmption (ISO Condition, LCV 50,000k]/kg) 2

SGe Pilot Oil Pilot Oil consumption
Load Consumption compared with SGC
(kg/h)
(kg/h) (%)
SMCR(100%) 9,377 363 2.68
NCR(85%) 7,834 343 4.37
50% -3} 4,552 289 6.34
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Table 3.4 Pilot Oil consumption (ISO Condition, LCV 50,000k]/kg)"?*’

. ) Compare with Pilot Oil
. Pilot Oil Gas ) . ) _
Engine _ _ pilot o1l and gas | increasing rate of
Load consumplion | consurption consumption 5% Engine Load
(g/kW-h) | (g/kW-h)

(%) (%)
100 5.2 136.7 3.80 N/A
95 5.4 135.5 3.98 4.76
90 5.6 1345 4.16 4.47
35 5.8 133.7 4.33 4.19
30 6.0 133.0 451 3.99
75 6.3 129.9 4.84 7.50
70 6.6 129.5 5.09 5.08
65 6.9 129.6 5.32 4.46
60 7.3 129.8 2.62 5.63
99 7.7 130.2 591 5.15
50 8.3 130.6 6.35 7.46
45 8.9 131.2 6.78 6.73
40 9.6 131.7 1.28 7.45
35 10.5 132.2 e 8.96
30 11.6 132.2 .17 10.47
25 13.1 1325 9.88 12.67
20 15.2 1325 11.47 16.03
15 18.4 133.2 13.81 20.41
10 24.1 136.9 17.60 2743

e - P
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3.2.2 LNG 95 3wAI&Y 3R4HA A3

AAHE 12S90ME—C10.5—GI AAE 1ol A
3 AlzHo] Mx g Faslth o|F
A7]= MDT Aol 6L35/44DF(3,180 kW) 4tH
FA7180 LNG A8 F3FAaHe o724 AR
MDTA} A @ F38k= FGSSY AlsS Table 3.59)
frgd ALtE Aol oF 1% Aol Hol
9 110 % TestE A3 Ao F H

aH st &S
A ZA A PadkE 13,930 kg/h7)|Fo2 A| 2" AA

=z

ey A A
SHEoNTT

1l

il
.}

AN
S

L2 o

a3l

=
=

A8

=
=
o

Table 3.5 Required for criteria fuel gas supply system

125]

Nominal Pressure 300 bar
Maximum design pressure at full load 315 bar
Pressure pulsation limit + 2 bar
1,237 kg/h
o (38,000 kJ/kg)
Minimum gas flow
940 kg/h
(50,000k]J/kg)
13,930 kg/h
_ (38,000 kJ/kg)
Maximum gas flow
10,625 kg/h
(50,000 kJ/kg)
Stand-by flow requirement 0 kg/h
Temperature inlet to engine room 45C+ 10T
Vaporizer power 2,000 kW
Table 3.6°14+= 6L35/44DF #x7]e] A8 AH|ZS A2,

39

Collection @ kmou



40

Table 3.6 6L35/44DF Generator specification®’

Fuel o1l consumption

Load 100%

Load 85%

SFOC
(Specific Fuel Oil Consumption)

1755 g/kW-h

1755 g/kW-h

7,515 kJ/kW-h

Heat rate 7470 kJ/kW-h
SGC 149.4 g/kW-h' 150.3 g/kW-h"
(Specific Gas Consumption) 1965 g/kW-h™ 197.7 g/kKW-h""
SPOC
0.5 g/kW-h 0.5 g/kW-h

(Specific Pilot Oil Consumption)

* LCV 50,000 kJ/kg(11,942.2 kcal/kg)

** LCV 38,000k]/kg(9,076.1 kcal/kg)
Korea gas corporation announced CV 49,320.5 kJ/kg(11,780 kcal/kg)

Table 3.7 LNG® and NG® Composition

LNG(%) NG(%)
Methane 89.26 97.56
Ethane 8.64 1.48
Propane 1.44 0.49
I-butane 0.27 0.08
n-butane 0.35 0.08
Nitrogen 0.04 0.31
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Table 3.99| A& 7txdqFFA2~dHe A 712S A4t

Table 3.8 Criteria of fuel gas supply system

Unit Name

Modeling parameter

LNG Tank

Type : IMO Type-C
Operating pressure : 7 bar
Composition : LNG and NG

Heat penetration : Not consider

LP Pump

Type : Centrifugal Pump

Min suction pressure : None

Max discharge pressure : 25 bar
Delta pressure : 15 bar

Max volume : 30 m'/h

Operating medium @ LNG and LN

HP Pump

Type : Reciprocating Pump

Min suction pressure . 3.4 bar
Max discharge pressure : 300 bar
Delta Pressure : 278 bar

Max volume : 30 m'/h

Operating medium : LNG and LNy

HP Vaporizer

Type : Shell & Tube
Operating medium : LNG and LN
Heating medium : Glycol water

Discharge Temperature : 45 C

LP Vaporizer

Type : Shell & Tube
Operating medium : LNG and LN
Heating medium : Glycol water

Discharge Temperature : -120 T

FG Heater

Type : Shell & Tube
Operating medium : LNG and LN
Heating medium : Glycol water

Discharge Temperature : 40 C

41
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3.2.3 LNG 95 33ALY 344 2 A
Fig.3.1& ¢t A =S 3893 LNG dggIAadozn =7 & 300 bar, 45T,

5
Gelo] WE FRUAE FAHAL AW Bake] 5L 1= shadnh

LNG Supply

Feed
Product Temperature

Condensate

Fig.3.1 Fuel gas supply system(pump type) for 12S90ME-GI and 61.35/44DF x 4 sets

LNGE 7F48t7] Asto] AAE A HZ= Hlwd 4H] Aol 4] A
Zo] 7% 300 kW 7FF 4H] HEoz oS50 ZE(motor)] 37} A- A

FE R 71879 B9 2,374 kWS gFo] adt Aoz FIEof 7t A9l
Ho] Anjgo] Ut G Rd#el &9 FUt Basit FUME A 713817
2 7t2AE TFETIAE oF 700 kW 7hEY] dFo] Basty] wjwol & 3,000 kW W

=
lo K

>
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olo] Hde &7 S77F dasit
Table 3.9= #HAEAE 7IHte g Adad 4 745 48, 2%, &H A8 Y o
A

Table 3.9 FGSS process design result for 12S90ME-GI and 6L35/44DF x 4 sets

HP LP FG
LP Pump HP Pump ) )
Vapourizer Vapourizer Heater
Pressure 7 bar / 22 bar / 300 bar / 7 bar / 7 bar /
(In/Out) 22 bar 300 bar 300 bar 7 bar 7 bar
Temperature | -163C / -162.2C/ -148.1°TC/ -163TC / - 120C/
(In/Out) -162.2C -148.1C 45T -120TC 40T
Mass flow | 13930 kg/h | 13,930 kg/h | 13,930 kg/h 3,880 kg/h | 2500 kg/h
Power
. 16.31 kW 302.1 kW 2,374 kW 441.9 kW 245.0 kW
consumption

Fig.3.2& 12S90ME—-GI A% 8317 Agk 4=7] e 9] LNG d5FFAI&=Ho|th
b JF7IE bHoE AE n 00 bar 7t9S 3™ ¢=7] Akl %7‘
FEE AASIAT 7t $E71Y 7
300 bar 7}S AsiA oF 4,274 kW] o] Qs Aoz AU

==
2

= 3
=
718 Fote] 7IAl AsHE R Y5

e
o Acoakr n
=
[}

Comp

No.5 Comp
CEET
|35 | [ S
. Prodlict Temperaiure | 2 . Product Tempsrafure

Fig.3.2 Fuel gas supply system(Compressor type) for 12S90ME-GI and
6L.35/44DF x 4 sets
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Table 3.10 Comparison for HFO and LNG at 12S90ME-GI®#"!
Fuel oil o
| CO3 emission
consumption Remark
(ton/day)
(ton/day)
HFO 2(5.42 357.66
Low CV 300.85 827.35 nclude FGSS
(38,000 kJ/kg) 12.67 34.91 )
KNG High cv 228.73 629,02 machinery.
(50,000 Kk/kg) 9.65 26.53 - Fxception of pilot al
- Main Engine SMCR : 24 hour operating
- FGSS machinery fuel consumption : 6L.35/44DF Generator SFGC 100% Load
- Exception Methane ship
- COy Conversion Factor according Table 1.1
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3.2 AoIAE 12S90ME-GI x1& Aute A £8317] A& FGSSS) 3R AAE +3

] 9} Hmo}oq =
Fig.3.32 2388 LNG 95

= ﬁ: Pressure Relief Line

Pressure reduction valve

Start up return Line

b —i 2
Pressure reduction valve

Surge chamber

HP Pump
ool dow turn
W
. % W e u ﬂEc To Engine

. il
Pressure
Cantrol Valve
HP PUMP I_

Glycol Water Glycol Water
Inlet Qutlet

Fig.3.3 LNG fuel supply system process flow diagram
Ao 2 =5+ IMO Type—C BAE Al&stH o™ <t

ar 71SF A2Re P F8E B3
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HZ FT 2ol WFEABINE BEe] A9
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tazt A8 LNG A5 da A5 F4%4

o2

3.4 A438& LNG 94533 2" 34
A S iR o E AF HHE ==
B Rdgs Fgsta.
LNG 839 AL —163C, 7 bar, AYFZY EZ ¢ 2 22 bar(Ap 15 bar) & A
AeRon Ao FFEHE 7k2E 48 300 bar, €% 45CE A& FFEA
et A9f Hxel ugt Pro] & fFH AnHEe] Walsly] wite] A A XA
A AA e 2 AAIEF 13,930 kg/h(LCV 38,000 kl/kg) ZAC 2 Fig.3.49 A|28S
Akt Mo ® A HEdFgS |FoZ ©29 10,360 kg/h (LCV 50,000 kJ/kg)
FHFE 7|50 F Fig.3.594 S F335H oM, Fig.3.6= 100% H3 23S 7]+
Al =ElS s A e HSk

ofs

HP pump

TR

Required
Hegt

rate

i Reduction
‘I Vahe(LP)
0 A b4
LNG

Tank M k& Redction
Valve(HP)

Fig.3.4 Steady static process design at test facility (13,930 kg/h)
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Table 3.11 Steady static process design at test facility result

Required Mass Required Mass
10096 11096
flow at flow at
Load Load
LV kJke | LCV RO kJke
LP Pump
1853 kW 14.15 kW 1248 KW | 13.74 kW
Power
LP Pump ) ) . )
-162.2 C -162.2 C -162.2 C | -1624 C
Tenperature
HP Pump
326.2 kW 249.0 kW 219.6 kW | 241.8 kW
Power
HP Pump
outlet -1479 T -1479 C -1479 T | -1479 C
Tenperature
HP Vapoizer
Required 2,430 kW 1,855 kW 1,636 kW | 1,802 kW
Heat rate
Mass flow | 13,930 kg/h 10,630 kg/h 9378 kg/h | 10,321kg/h

Compoent Operating Range
LP Pump 0.9 kW ~ 13.39 kW
HP Pump 22.8 kW ~ 3379 kW
Vapourizer 1,636 kW ~ 2,395 kW
A7) Fllols AAAZAT} 2NN HEEST) flske] T5H NG A FF A
2dlo] Qo &&o] Erls sttt wepa dubeA ALgste 89 LNGE o] &3
AP E7ls stdoy AIAFAE dsdazE 8ol st AHlE Tl AYEE

50
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Table 3.13 Specification of test facility component

Compoent Operating pressure | Operating Volume
LP Pump
. Max. 22 bar 20.4 m'/h

(Centrifugal type)

HP Pump

, _ Max. 370 bar 15.0 m’/h
(Reciprocating type)

Vapourizer 145 m’/h(Liquid)

Max. 330 bar

(PCHE type)

30.2 m'/h(Vapour)
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3.5 43S T A HZY A FTF ¢ AE

Table 3.14 Power consumption for HP pump suction pressure( AP) by simulation

HP pump LP pump LP pump HP pump | HP pump Total
Suction power discharge power discharge pump
Pressure( AP) (kW) temperature (kW) temperature | power(kW)
2 bar 1.82 -1629 T 253.2 -1479 T 255.02
3 bar 2.74 -162.8 C 252.3 -1479 C 255.04
4 bar 3.66 -162.8 C 251.4 -1479 T 255.06
5 bar 4.57 -162.7 C 250.5 -1479 T 255.07
6 bar 5.49 -162.7 C 249.7 1479 C 255.19
7 bar 6.41 -162.6 C 248.8 1479 C 255.21
3 bar 7.32 -162.6 C 247.9 -1479 T 255.22
9 bar 8.24 -1625 T 247.1 -1479 C 255.34
10 bar 9.15 -1625 T 246.2 -1479 T 255.35
11 bar 10.07 -162.4 C 245.3 -1479 C 255.37
12 bar 10.99 -162.4 C 244.4 -1479 C 255.39
13 bar 11.91 -162.3 T 243.6 1479 C 255.51
14 bar 12.82 -162.3 C 242.7 -1479 T 255.52
15 bar 13.74 -162.2 C 241.8 -1479 C 255.54
16 bar 14.65 -162.2 C 240.9 -1479 T 255.55
17 bar 15.57 -162.1 C 240.1 -1479 C 255.67
18 bar 16.48 -162.1 C 239.2 -1479 C 255.68
19 bar 17.40 -162.0 C 238.3 -1479 C 255.70
20 bar 18.32 -162.0 C 23175 -1479 T 255.82
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[29]

Fig.3.8 Test facility of NG fuel gas supply éystem
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Table 3.15 Test result of LNG fuel gas supply system in LN;

LP pump LP pump HP pump HP pump
HP pump ) ) ) .
_ discharge discharge discharge discharge _
Suction Vibration
Pressure temperature Pressure temperature
Pressure( AP) . .
(bar) (C) (bar) (C)
6 bar 11.0 -168 254 -140 Serve
7 bar 12.0 -168 293 -140 Occur
8 bar 13.1 -168 293 -140 Occur
9 bar 13.6 -168 324 -125 Occur
11 bar 16.0 -168 310 -135 Occur
12 bar 17.1 -169 275 -131 Occur
13 bar 18.0 -169 263 -131 Occur
14 bar 19.3 -167 207 -128 Occur
15 bar 20.3 -167 278 -131 Serve
16 bar 20.6 -167 305 -132 Serve

Table 3.15& A3 AuldA =& &S HEEE Bosidn. 489 5149 F
A FEAEs EEs7] fste adEEZY FAd9H(Ap)o HItE FH E
(vibration)®] 2 EEe] Au7} glof A3o] M= = S AlFA o o3t A
< &35t B9 skt

o] B3t 6 bar ©]ate] FFAHAA A% Fo

[
T+ olHEG Fo] A A= As &N = AN 2#Y 7 bar ~ 14 bar

= 4
TRAAE AEo] AR ol Axd T 4N ~180C AE 6SHAT
TerEEe] 2 pPgte]l —140C oo AT e AA HAT. 2.2.18604 A
e o] P YR hEfAle] HUF vRLe o7 ALY ngH=
WRelA FZo] 78 W Aew weEd. vkEzdE A9 A7 EawE 4
B2 7gto] ojfo] AWM WA e TN B WAE Aoz AL o%
dt gxe E4oz wadd. wia A2E BEad A% 2T @t FRE o
4% Ao HAHYY

Collection @ kmou



56

o] 443 A
SEEIED I
o o 714

&2
mlo
-10
-
z
)
N
N
ulit

3

B ol A AEE A SmEY ¢

b Hel AR A 2218 BERAE

98 & don AFsHa. 34
7

o
EEdel £xAolt Aofot Aol £ A
)

l~r1
A
Ko
(0]
L
i
ol

T
L,
0%
lo
i
&l
<
9
B
>
%

o,
ofy

fo o
rr
o
(&
g
E\01|
s

T _{]1
£ 4

o o
2

N
-

oF
(o
fu M
_0,

ne [
o )y p o o i pe

o W d 30 B o O
o
a
o
=
2s)
=
S

forr

7V F A9 xRt Golx A Hut o] AE AHSle o3 Fd=E <l &
) Folt}, o] st HAAS ‘9983 a3 (Thermodynamic Effect)"g}al HF
] =

| 5 Ak BF AR SR FHAL FlAA o2 o

=
==
X
)

(
==

)
(1A
©

o
[k
o,

te
rok
(o]
0,
o,
X
r o
Mo
2
o
f
:(.1}14_‘4
_l_/
r\r
o&
D
e
9
iy
Zi
%!
4
9,
2
(03
S

s gtk LNG 2-4F
35 B3 dFet st 2 ‘gﬁol s’ 010}7} sojof o ztglo] ¢+E

710l 7] Wil 543
] '6‘}512} it} 7|E 2% oldtE
= W] 255 sFAIAF LNGE 73tz Q1%
Atk A A3 -147.9C9 =A4L LNG #A47F 3 &
dsior e I wid e &
Folof ST Aol

=

tlo o au)
| K

(o] r’\

o, i

u o
o =
B8 g
= =
# -

Z,

S

O

OH

l

);

nﬂ

o

i
N

ST 1)
o N 0 b ¥ 1o
of
P,l
2
ne
2
2
L
filo
2
M o
e e
Al
=
AN
(o
it
2
>~

£ o
ox b
>,
Y

ol
i
=)
o
2
1o
rlo
ki
o,
ok
f
=
rJ
mlo

5
=X
me
ol
ol
X,
fot
r
-
%0,
ki
I
e
o
>,
o~
s
ox
:‘o
N,
et
ZOL_'z

n
32
£

K

re

-

i
+
32
£

Collection @ kmou



A

A ALl A

2

)

BH
on

B!

& Aok whEha agt

e} = (buffer tank)

g B3] ¢

iy

re3
T

I B3 to] AR (surge chamber) E+ 7]3}7] 9]

Fed Hoh

s

2 o] 38 (hunting)S HA3}

350

200

250

200

150
00

SECT

| ozt

[GTT
BLTT
LSTT

FOrTT

ELTT
antt
GEOT

[ zeot

550T
BEOT

FTEoT

rFODT
Fa=1r}
0LeG

| £56

AER
BTG

06

588
208
T8

[ves

Lrg
oog

a9s
Glrs
ZEL

[&TL

869
ja=x

Lkag

£LkD
0Eg
ETY

[[965

BES

| 5kS5

BIS
35
(133

it

oar
EFb

atk

GO
(433
SLE

[ BSE

THE
FZE

| L0E

Fig.3.9 Graph for product pressure of HP pump and LP pump

57

Collection @ kmou



Fig.3.102 11¢; gz o] ¢tz o] H3le

uf A tEze] oke Wslolg, IEE O ghE o]
W3l 2 wjelct 0.5 bar 71 WEeE 3

BS Holau it}

300 ia

235

290

N I,

270 '

265

280

253
=——HF Pump pressure

P Pump pressure

e e B I I

Collection @ kmou



59

Fig.3.11€ nergzel gejo] 32297 2748 WAL= gelo] 15 bar o4 3

Aee AL @ § Ak FHHoR o] S mE B fA9 £xt 8143
= Ae & 7 A wEA Y AR gEel Ste 2R g quAde F3s
of g},
350 i8
—HP pump pressure
300 fr\\-

——HP Pump Temp
- 175

—LPPump pressure
250
200
150 "‘h‘\‘ / \ - 165
100

4 4

_// 18

155

50

T
a

17
=
Ek|
41
49
57
65
73
81
89
az
(1.5
13
21
]
37
45
53
61
69
o
85
a3
a1
xm
217
25
A3
241
249
7
X5
23
=1
=0
A7
s
313
a2
=
337
345
353

e e i I = e =R

-50

=100

_//"’_ R S e | 145

-150

-200 14

Fig.3.11 HP pump pressure and LP pump pressure curve with HP pump

discharge temperature

Collection @ kmou



Al 4 2

bel @RA7AA $§a% 0] mlH sl

S

&4 = o o}

el
oo
2

B

—~
110

iz
el

70
i
o
of

12S590ME—-GI

nd

%0
°

o
%0

O
of
.EH

H)
gt
L

i
A
R

o

g 7o) 2

x

=% 3

5

LT 2 —147.9C 7+A] 94

EE5-

J)

—=
file)

oF
el

o

—_—

o)
NI

vze)
o)

o}
H)
R
ol

™

o
oy

el

g

g HEo 928 I (buffer tank) =5 A A (surge chamber)

o}
H

g

H
B

=
W

S}, mebA

Ao = o

Q)
=

60

Collection @ kmou



blo

o) H7, A

M 3z
E AL

ol
~N

I

61

Collection @ kmou



62

21

d

i

[1] IMO, 2014, MEPC.245(66) Carbon content conversion factor for fiiel type

[2] LR, 2012.08. The outlook for LNG bunker and LNG fielled new build
demand up to 2025, LNG fuelled ship deep sea shipping.

[3] IPCC, 2013, IPCC Assessment Report 5

[4] 293, 2012, 9 £7 J2F YT, dEZRA

[5] @=t7k=F AL 9 ©] A (www.kogas.or.kr), =7k &) 38k 44,

[Accessed 11 March 2016]

(6] WF2H, 2009, EF HAE FEob AR AN Hods] AFd #F A, AN
91T, ML,

[7] 32 YATH E9 o] X (www.kemco.or.kr), NUA EA, [Accessed 17
March 2016]

[8] Wikipedia the free Encyclopedia, 2016, Methane Data Page, http://encyclopedia.

airliquide.com/images_encyclopedie/VaporPressureGraph/Methane_Vapor_Pressure.

GIF [Accessed 11 Sep 20116]

[9] G.G Nasr'N.E Connor, 2014, Natural Gas Engineering and Safety Challenges,
Springer.

Collection @ kmou



63

[10] International council on combustion engines, 2015, CIMAC WG 17 'Gas Engine',
CIMAC Position paper, /mpact of Gas Quality on Gas Engine Performance.

[11] International group of liquefied natural gas importers, 2015, Position paper on

the impact of including methane number in natural gas regulation

[12] A&Z, o)==, &9, Pounder YA, 2011, A 93 Aubg tjAQIz @ 7pAEH],

[13] Rene Sejer Laursen, 2012, Dual fuel ME—GI Engine Performance and the
economy, http://www.ngva.eu/ images/MAN—Rene—Sejer.pdf [Accessed 11 Feb
2016].

[14] Andrea Tucci, 2015, WinGD low—speed engine Licenses conference 2015, X—DF

low pressure dual fuel engine Technology.

[15] Marcel Ott, 2016, CIMAC Congress 2016/233, The 2—stroke low pressure dual
fuel Technology From Concept to Reality.

[16] Z@3), 2016, FE¢Foj27 FE | (I &

)

), HEET

At

e

[17] Rene Sejer Laursen, 2016, MAN Diesel course 2016, Introduced ME—GI engine.
[18] WeA 2014, Offshore Korea, LNG $9E 3 FAI2H L.

[19] o]|FH, o|&F, 2014, LH, & &L ZXNEL JAE Hzol 9f=45 2014 d
T 3T AES] oA 2 FEREFASEU .

[20] Ouji Moriyama, 2015, WinGD low—speed engine Licenses conference 2015, First
experiences with the W6X72DF engine.

Collection @ kmou



64

[21] "L <t A 714 2016.02.25. http://www.dailian.co.kr/news /view/55853 9/?sc
=naver. [Accessing 15. sep 2016]02

[22] DSEC 747 2016, http://www.idsec.co.kr/korea/01_business/business _02_02.php#
nameA [Accessing 16 Sep 2016].

[23] ACD Crygenic Industries company home page Catalog, 2016, http://www.
acdcom.com/downloads/Ing_fuelsupply.pdf, [Accessing 16 Sep 2016].

[24] Donghwa Entec Homepage, 2016, http://donghwaentec.en.ecplaza.net/Ing— vaporizer
—heater——292258—-220776 2.html, [Accessing 16 Sep 2016].

[25] Marine man diesel & Turbo homepage CEAS, 2016, http://marine.man.eu
/two—stroke/ceas 12S90ME—-C10.5=GI, [Accessing 16 Sep 2016].

[26] George Dimopoulos, 2016, CIMAC CONGRESS JUNE 2016, Assessment of LNG

Carriers electric propulsion configurations via process modelling.

[27] Marine man diesel & Turbo homepage CEAS, 2016, MAN DIESEL AND TURBO
CEAS ENGINE DATA 12590ME—C10.5—GI (methane)with high load tuning.

[28] MDT, 2016, Marine Engine IMO TierIl and Tierlll Programme Znd edition 2016.

[29] HAT, 2016, {1EFE 2L ING 9EFFAIZ=H9 §5FH 7o) gigh 74 3t
ZA3838] 2016 A3,

[30] °]%=, o4, 2011, ﬁJXja%f Z]o] Bzl gigt 338 B E O] &4,
&7 AsHE 2011 &=

P
o
T
)
ot

[31] o=@, FAE, 2012, F2Z AuHeld F4 o= I8 NBNA%S £58%

e

Collection @ kmou



65

3 2012.

[32] Y.Utturkar J. Wu, G. Wan g, W. Shyy, 20.5, Recent Progress in modeling
of cryogenic cavitation for liquid rocket propulsion, Aerospace Sciences,

vol.41.

Collection @ kmou



	제 1 장 서    론 
	1.1 연구 배경 
	1.2 연구의 목적 

	제 2 장 가스 엔진 및 LNG 연료추진선박의 특성  
	2.1 가스엔진의 특성  
	2.1.1 LNG 주 성분 및 특성  
	2.1.2 LNG 연소 특성  
	2.1.3 디젤 사이클을 적용한 가스 엔진 
	2.1.4 오토 사이클을 적용한 가스 엔진  

	2.2 LNG 연료공급시스템   
	2.2.1 가스연료공급시스템의 개요  
	2.2.2 가스연료공급시스템의 주요 구성품  


	제 3 장 LNG 연료공급시스템의 공정 설계 및 성능평가  
	3.1 공정설계를 위한 상태방정식의 선정  
	3.2 대상엔진 선정 및 LNG 연료공급시스템의 용량산정  
	3.2.1 대상엔진 선정  
	3.2.2 LNG 연료공급시스템 공정설계 개념  
	3.2.3 LNG 연료공급시스템 공정설계 및 결과  

	3.3 실험용 LNG 연료공급시스템 공정흐름도 선정  
	3.4 실험용 LNG 연료공급시스템 정적상태 모델링  
	3.5 실험을 통한 저압펌프의 적정공급압력 도출  
	3.6 실험을 통한 고압 LNG 연료공급시스템의 운전 특성 및 보완점  

	제 4 장 결    론  
	참고문헌  


<startpage>11
제 1 장 서    론  1
  1.1 연구 배경  1
  1.2 연구의 목적  4
제 2 장 가스 엔진 및 LNG 연료추진선박의 특성   5
  2.1 가스엔진의 특성   5
   2.1.1 LNG 주 성분 및 특성   5
   2.1.2 LNG 연소 특성   9
   2.1.3 디젤 사이클을 적용한 가스 엔진  14
   2.1.4 오토 사이클을 적용한 가스 엔진   16
  2.2 LNG 연료공급시스템    22
   2.2.1 가스연료공급시스템의 개요   22
   2.2.2 가스연료공급시스템의 주요 구성품   28
제 3 장 LNG 연료공급시스템의 공정 설계 및 성능평가   33
  3.1 공정설계를 위한 상태방정식의 선정   33
  3.2 대상엔진 선정 및 LNG 연료공급시스템의 용량산정   36
   3.2.1 대상엔진 선정   36
   3.2.2 LNG 연료공급시스템 공정설계 개념   39
   3.2.3 LNG 연료공급시스템 공정설계 및 결과   47
  3.3 실험용 LNG 연료공급시스템 공정흐름도 선정   47
  3.4 실험용 LNG 연료공급시스템 정적상태 모델링   48
  3.5 실험을 통한 저압펌프의 적정공급압력 도출   52
  3.6 실험을 통한 고압 LNG 연료공급시스템의 운전 특성 및 보완점   57
제 4 장 결    론   59
참고문헌   62
</body>

