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Dynamic Simulation on LNG Ageing in Fuel Storage
Tank for Fuel Gas Supply System of X-DF Engine

Yoon, Sang Deuk

Department of Marine Systems Engineering

Graduate School of Korea Maritime and Ocean University
Abstract

The increasing density due to boil-off in the LNG storage tank is one of
the key factors for LNG fueled ship.

LNG is stored and used in fuel tanks as a cryogenic state, ie. as a liquid
at a temperature below its boiling point at near atmospheric pressure. Due
to heat ingress into the LNG through tank shell insulation from outside
environment, walls and roof of fuel tank during storing and bunkering
operation, the lightest component such as N, and methane(CH,) of the LNG
in the tank continuously evaporates generating boil-off gas(BOG), which
gradually varys, ranging from -196 C to +69 C, the rates of evaporation
of more volatile components, such as nitrogen and methane are higher than
those of heavier components, ie. ethane, propane and other heavier
hydrocarbons(Sedlaczek, 2008). This phenomenon, known as LNG ageing, is
especially important in an LNG fueled ship since LNG is supplied depending
on its energy content, ie. its density and heat value(British Petro and
International Gas Uninon, 2017). The LNG ageing decreases the percentage
of content of the lower boiling point components(methane, nitrogen) and
increases the percentage content of the higher boiling point.
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components(theavy components) in the LNG remaining in LNG fueled
ship’s tank(Glomski and Michalski, 2011). Moreover, LNG as ship fuel may
be classified in accordance with several criteria; density, heat value, Wobbe
index, methane or nitrogen amount, and etc. The parameter most commonly
used for its classification is density.

In this study, we conduct dynamic simulation by Aspen HYSYS to solve
the problem of LNG ageing in fuel storage tank for fuel gas supply system
of X-DF.

Adversely the phenomenon is more severe in the FGS process for X-DF
engine specifically for Otto cycle internal combustion engine process since
the heavier hydrocarbon components has to be removed in the process to
satisfy the Methane Number ie. MN80. The heavier hydrocarbon
components such as ethane, propane, butane and etc. would be separated
in the HHC removal process so that the HHC will be returned and stored
again in the LNG storage tank or LNG bunker tank, which will be a cause
of equipment failure condition In comparison to steady state design
condition. The gradient of LNG density will be increase pump duty, heat
exchanger duty and control valve sizing as time goes.

Finally the design case and solution shall be studied intensively for all
cases of several LNG specification, in addition, the composition of LNG
from bunkering vessels will vary according to the operation condition.

_Vi_
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Table 1.1 Methane Number Table Versus LNG Composition(Wartsila Methane

Number Calculator)

(Unit : mol %)

Rich(heavy) Lean(light) : Simulation FG at

Component Typical LNG

LNG LNG Case LNG Simulation Case

Methane 81.98 99.02 96.29 90.39 93.07
Ethane 16.02 0.00 3.21 7.02 6.16
Propane 1.50 0.00 0.40 1.75 0.66
n-Butane 0.00 0.00 0.10 0.54 0.07
i-Butane 0.00 0.00 0.00 0.28 0.02
n-Pentane 0.50 0.00 0.00 0.00 0.00
i-Pentane 0.00 0.00 0.00 0.00 0.00
Nitrogen 0.00 0.98 0.00 0.02 0.01
MN 69 100 88 73 83

INGE B EFEZH 4 24EL AZ & HSHE 7R oereg
B39 dEFAE 3l FRHAE ol st 7IsldE BAs|of sh=dl, ©|
w 2dA o7 AAZ9r2~(Boil Off Gas, BOG)7} Ay stA A}
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IMO Classification of LNG Vessels

Independent Tanks Iintegrated Tanks

Type A YF ‘Membrane
[ Pmasc 700mbar Prass < 700mbar Press < 700mbar
Barrier Bamier Barmier
Independent Tank System Membrane Tank System
IHI-SPB MOSsS GTT NO 96 GTT MARK Il

Fig. 2.1 LNG Tank (Lee et al, 2014)
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Table 2.1 Comparison of Various LNG Tank Types

Independent Cylindrical Independent Prismatic
Tank Type Pressurized at Ambient Temperature Fully Refrigerated at Atmospheric
or Lower Temperature Pressure
IMO Tank Type Type C Type A Type B
Vacuum + Perlite / Poly Urethane Poly Urethane Poly Urethane
Insulation
Foam Foam Foam
Secondary
No Requirements Complete Partial
Barrier
Application Small & Mid Scaled Vessel Large Scaled Vessel

NGRS A% Ao FFHE Fedst 5o upeh 1A, F4A,
Agados G 4 gor, A6l e} AnFFALY THo

Table 2.2 Comparison of Various Engine Types

ME-GI DFDE RT-Flex
Maker MAN MAN/Wartsila/RR Wartsila
Require Pressure 300 barg 6 barg 16 barg
LP Vaporizer + HC Booster Pump +
HP Pump + HP
FGS Component Separator + LP Vaporizer + HC
Vaporizer
Heater Separator + Heater
Glycol Water /
Heating Medium Glycol Water / Steam Glycol Water / Steam
Steam
Applicable VLCC/Con/BC/PC/Cruise | Car Ferry/Ro-Ro/Tug | VLCC/Con/BC/PC/Cruise
-6 -
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Table 2.3 LNG in Stream Composition for "Rich Case"

Component mol (%)
Methane 81.98
Ethane 16.02
Propane 1.50
i-Butane 0.00
n-Butane 0.00
i-Pentane 0.00

n-Pentane 0.50
Nitrogen 0.00
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Table 2.4 LNG in Stream Composition for "Lean Case“

Component mol (%)
Methane 99.02
Ethane 0.00
Propane 0.00
i-Butane 0.00
n-Butane 0.00
i-Pentane 0.00
n-Pentane 0.00
Nitrogen 0.98

LNGH =Z9] 7§ dwra<l IMO Type C H
o] CaseE 1¥3st9 o™, Rich LNG Case?l 73-%-
3l ING7)8l7] 3the] &2 9) =2 AHAAZ AL olle} e RS

g 5 ot

Table 2.5 LNG Stream Composition, Compensated by HHC Separator, in Rich Case

Component mol (%)
Methane 95.59
Ethane 4.35
Propane 0.05
i-Butane 0.00
n-Butane 0.00
i-Pentane 0.00

n-Pentane 0.00
Nitrogen 0.00

- 10 -
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- Main Engine Power : 40 MW
- Aux. Engine Power : 7 MW
- Required FG Flow Rate for Rich Case: about 6,832 kg/h
Rich LNG Case®] 4% <F 6,832 kg/he]l 9571 g = ook sl Lean LNG
Case® 74 d&:7t= AAGEC] diFE #WECHY= TAHo 3o Rich

o
Caseth B2 49 AE7F AR o]okgth
- Required FG Flow Rate for Lean LNG Case : 6,842 kg/h
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Fig. 2.3 PFD Drawn by Aspen HYSYS
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Table 2.6 Heat & Material Balance for Rich LNG Case

: : FG pump : : GW heater
STREAM NAME LNG in FG pump in . LNG by pass | LNG vap in | LNG vap out | FG heater in | FG heat out )
ou ou
Vapour Fraction 0.00 0.00 0.00 0.00 0.00 0.99 1.00 1.00 0.00
Temperature (C) -140.93 -140.80 -139.88 -139.88 -139.86 -40.00 -88.90 40.00 60.00
Pressure(bar) 3.50 3.50 17.00 17.00 16.50 16.40 16.00 15.90 3.50
Molar
11.34 10.94 10.94 4.32 6.62 6.62 8.23 8.23 19.85
Flow(MMSCFD)
Mass Flow(kg/h) 10728.14 10409.59 10409.59 4109.21 6300.38 6300.38 6832.47 6832.47 28451.70
Liquid Volume
3 33.53 32.46 32.46 12.81 19.65 19.65 22.52 22.52 26.99
Flow(m®/h)
Heat Flow(kW) -14557.98 -14070.30 -14057.94 -5549.40 -8508.53 -7386.65 -9111.37 -8547.41 -88746.73
GW LNG BOG comp BOG comp GW Cir GW heater
STREAM NAME Mist sep in HHC drain Mist Sep out : :
vap out in out pump In in
Vapour Fraction 0.00 0.72 0.00 1.00 1.00 1.00 0.00 0.00
Temperature (C) 17.94 -89.90 -89.90 -89.90 -140.89 -56.87 18.03 18.08
Pressure(bar) 3.40 16.40 16.40 16.40 3.45 16.00 1.50 5.50
Molar
19.85 10.94 3.11 7.83 0.40 0.40 19.85 19.85
Flow(MMSCFD)
Mass Flow(kg/h) 28451.70 10409.59 3895.66 6513.92 318.55 318.55 28451.70 28451.70
Liquid Volume
5 26.99 32.46 11.00 21.46 1.06 1.06 26.99 26.99
Flow(m®/h)
Heat Flow(kW) -89868.61 -12936.05 -4255.58 -8680.46 -444.68 -430.90 -89867.69 -89863.28

Collection @ kmou
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Table 2.7 Heat & Material Balance for Lean LNG Case

: : FG pump : : GW heater
STREAM NAME LNG in FG pump in . LNG by pass | LNG vap in | LNG vap out | FG heater in | FG heat out )
ou ou
Vapour Fraction 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00
Temperature (C) -146.16 -145.48 -144.46 -144.46 -144.45 -40.00 -70.03 40.00 50.00
Pressure(bar) 3.50 3.50 17.00 17.00 16.50 16.40 16.00 15.90 3.50
Molar
8.50 8.12 8.12 0.84 7.28 7.28 8.50 8.50 25.59
Flow(MMSCFD)
Mass Flow(kg/h) 6841.24 6522.04 6522.04 675.56 5846.48 5846.48 6841.24 6841.24 36677.64
Liquid Volume
3 22.61 21.63 21.63 2.24 19.39 19.39 22.61 22.61 34.79
Flow(m®/h)
Heat Flow(kW) -10328.62 -9895.74 -9886.99 -1024.11 -8862.88 -7769.27 -9170.68 -8688.55 -114753.84
GW LNG BOG comp BOG comp GW Cir GW heater
STREAM NAME Mist sep in HHC drain Mist Sep out : : :
vap out n out pump in in
Vapour Fraction 0.00 1.00 0.00 1.00 1.00 1.00 0.00 0.00
Temperature (C) 18.06 -69.94 -69.94 -69.94 -145.57 -63.35 18.05 18.10
Pressure(bar) 3.40 16.40 16.40 16.40 3.45 16.00 1.50 5.50
Molar
25.59 8.12 0.00 8.12 0.38 0.38 25.59 25.59
Flow(MMSCFD)
Mass Flow(kg/h) 36677.64 6522.04 0.00 6522.04 319.20 319.20 36677.64 36677.64
Liquid Volume
5 34.79 21.63 0.00 21.63 0.98 0.98 34.79 34.79
Flow(m®/h)
Heat Flow(kW) -115847.46 -8793.38 0.00 -8793.38 -389.87 -377.30 -115849.71 -115844.04
- 14 -
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Table 2.8 LNG Composition for Rich Case

(Unit : mol %)

NAME LNG in FG pump in | FG pump out | LNG by pass LNG vap in LNG vap out FG heater in FG heat out W O};etater
Methane 0.8198 0.8133 0.8133 0.8133 0.8133 0.8133 0.9559 0.9559 0.0000
Ethane 0.1602 0.1660 0.1660 0.1660 0.1660 0.1660 0.0435 0.0435 0.0000
Propane 0.0150 0.0155 0.0155 0.0155 0.0155 0.0155 0.0005 0.0005 0.0000
i-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
H,0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7558
N, 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
E-Glycol 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2442
n-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
i-Pentane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
n-Pentane 0.0050 0.0052 0.0052 0.0052 0.0052 0.0052 0.0000 0.0000 0.0000
GW LNG vap BOG comp GW cir pump
NAME Mist sep in HHC drain Mist Sep out | BOG comp in : GW heater in
out out n
Methane 0.0000 0.8133 0.4599 0.9537 0.9984 0.9984 0.0000 0.0000
Ethane 0.0000 0.1660 0.4687 0.0457 0.0014 0.0014 0.0000 0.0000
Propane 0.0000 0.0155 0.0533 0.0006 0.0000 0.0000 0.0000 0.0000
i-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
H,0 0.7558 0.0000 0.0000 0.0000 0.0000 0.0000 0.7558 0.7558
N, 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002 0.0000 0.0000
E-Glycol 0.2442 0.0000 0.0000 0.0000 0.0000 0.0000 0.2442 0.2442
n-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
i-Pentane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
n-Pentane 0.0000 0.0052 0.0182 0.0000 0.0000 0.0000 0.0000 0.0000
- 15 -

Collection @ kmou




Table 2.9 LNG Composition for Lean Case

(Unit : mol %)

NAME LNG in FG pump in | FG pump out | LNG by pass LNG vap in LNG vap out FG heater in FG heat out W o};etater
Methane 0.9902 0.9935 0.9935 0.9935 0.9935 0.9935 0.9902 0.9902 0.0000
Ethane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Propane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
i-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
H,0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7558
N, 0.0098 0.0065 0.0065 0.0065 0.0065 0.0065 0.0098 0.0098 0.0000
E-Glycol 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2442
n-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
i-Pentane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
n-Pentane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
GW LNG vap : : : . : BOG comp GW cir pump :
NAME Mist sep in HHC drain Mist sep out | BOG comp in : GW heater in
out out in
Methane 0.0000 0.9935 0.9935 0.9935 0.9194 0.9194 0.0000 0.0000
Ethane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Propane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
i-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
H,0 0.7558 0.0000 0.0000 0.0000 0.0000 0.0000 0.7558 0.7558
N, 0.0000 0.0065 0.0065 0.0065 0.0806 0.0806 0.0000 0.0000
E-Glycol 0.2442 0.0000 0.0000 0.0000 0.0000 0.0000 0.2442 0.2442
n-Butane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
i-Pentane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
n-Pentane 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
- 16 -
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Table 2.10 Main Equipment Specification

Name Lean Case Rich Case
18 m?®/h x 420 mlc

LNG Pump (design Case 24 m3/h X 173 m3/h X 410mlc
420 mlc)
Duty : 1140 kW Duty : 1115 kW
LNG Vaporizer
UA : 30,100 kJ/C-h UA : 27,150 kJ/C-h
FG Gas Heater Duty : 465 kW Duty : 483 kW
BOG Compressor 70 m’/h x 139 KkJ/kg 62 m?/h x 126 KkJ/kg
GW Circulation Pump 11 m’/h x 40 mlc 11 m?®/h x 40 mlc

(Steady State)dll4] A], Lean CaseollA] Ht} &£ &
ATt ©]+= Lean Case®] =< & (Calorific Value)”}
2 &9 LNGE &vldfof 43 XY =83k

LNGH:3xz o 79, BAH
Fol ALtdn= Ae & F
Rich Case Rt} Hof Ho} &
4L 4 At

124}, Rich Casedll A o] T &3t 44#2]7](HHC Separator) &g ol A A<=+
He sAgsteAie 98 INGE 188ty 7|ed nixlMarging 283t A
ettt

Sy} 2~9+27]1(BOG Compresson)®] 7-$-, Lean Case¥ o, A& = 27}
2~9] ¢Fo] Rich Case W] Bt} Be AL &2 & 4 Qo)
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31 FXEd

AA BANAN EulAd Wsl= Azte] B2 xyz So] U WS A
53

dubxg o7 HulE " 2](Partial Differential Equations, PDES)-2

= T34
o2 Ao 4 Q. wefF WS vHEsHR] $ oW o]E Lumped Model=
B, BE EAAE 22 Al A sEEA adEd. & e Unit

+ Hold Up VolumedlAd+= 32 WA Aol ALHA= Ee=vhal 7143y

Aspen HYSYS ol4= Lumped Models A-&3tH, ©idolr EH3stzd 52
&= 7Hli(Concentration Gradients)& L& sHA| 3=tk ThAl Tafl, Z2F Aol A <
ool AL BF Ztia 7FA 3 (Aspen HYSYS, 2006).

3.1.1 A& A ¢} vA @A (Linear & Non-Linear Systems)

AA A& EH42(A Linear First-Order ODE)S ofgfe} #Zo] £ H T}

dY

T T Y= Kf(u) (3.1)
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(3.2)
(3.3)

+Y? = Kf(u)
+YY, = Kf(u)

dy

Tt

dy

Tdt

o] &

HE T

==
fi%e)

[Material Balancel

312 2% BA

%
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ol

s

===
‘:!:"

(Steady) =2 o] A

A
Eg)=F 33 (Material Balance)d} H]$=3}A

o
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(€]

1

°
yi

)= Al

Hojxth SH L A" A At wel kgt A3E UER Y] dE

Aspen HYSYSellA &H9 43 B
t}. 527 50Oynamic)ol A 3, 2=A, YA TF

F(Accumulation Term

[¢]

k)

]
S|

B
22

'~

B
22

(3.4)

mass flow into system
- mass flow out of system
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.

Fig. 3.1 Simple Case of a Mixed Tank with a Single Component Feed
for Mass Balance(Aspen HYSYS, 2006)

d(p, )—F g
dar il Fp, (3.5)
V= Tank Volume
F, = Flow of Component into System
p;, = Fluid Density into System
F, = Flow of Component out of System
p, = Fluid Density out of System
4 35% Aspen HYSYSOlA 4@}, wgss wWxws S3 2o 2zs
=4AE AEshe e d@edtet] 2 FHAHAT. dAlz sAAEREDE S 5
& A oY 7HA 24T AP EA Y o7 Qg T FHEC] FHlET
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[Component Balance]

%A% 3 (Component Balance)-& 2] 3.63 #o] dE 4 Ut}

Rate of accumulation of component j = Flow of component j into system
- Flow of component j out of system

+ Rate of formation of component j by reaction (3.6)

so ga4e A

1

Ardoze] fEYRFS
ERARE A B

(Particular Phase)oll A = =
ez dds g
3

ol

EYHFl 719

2H0 R0 FQ F=9
w3 A¢l "I A AN 24 9 H3Balance)S 2 3.77 2

o] Aoj& 4 Ut
(3.7)

Gy V)
T‘ quz _FOCJ‘O "’ij

C.; = Flow of component j into system(Multiphase)

C., = Flow of component j out of system(Multiphase)

Rj = Reaction rate of component j

_22_
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S, oluA FAE 4 383 2ol FejHrt

Rate of accumulation of total energy = Flow of total energy into system
- Flow of total energy out of system
+ Heat added to system across its boundary
+ Heat generated by reaction

(3.8)

- Work done by system on surroundings

r o
Apr
=
r]I,
o
1
=
olo
N

Continuous Stirred-Tank Reactor, CSTR)¢] thxx %<2l

i[(u+k+gb)v] = Ep,(u,+k+8,)=Ep,(u,+k +,)+ (3.9)

dt
Q+Q —(w+F,P,—FP)

u = Internal energy (energy per unit mass)

k= Kinetic energy (enerqy per unit mass)

® = Potential enerqy (energy per unit mass)

V= Volume of the fluid

w = Shaft work done by system (energy per time)
P = Vessel pressure

P, = Pressure of feed stream

() = Heat added across boundary

(). = Heat generated by reaction

- 23 -
Collection @ kmou



3) wreF B Ao U FH(Shaft Work)e]l fith
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Aok 2L THHEe AEst 24 Alade] dHbER]D ouA A= 4

3.10 ¥ #Zo.

d
E[pv V.H+p Vih] = Epl, = Fph=Fp H+ Q+Q, (3.10)
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of, =& » A }Dynamic Simulation)E YA = FAHA 5=
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st AA A5 A o (Automation) 2 FAHARAE AE FHojok i}

3.2.1 ZA A=A oJ(Process Automation)

ARt 2EE Aty AAAE AR7E=sEd FFHE AUA Y ¥&
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2l a0 Aole dr)e] HAZHo INGHAYH L BALYE o
ol SAHES Aojst Zo] BAo|r] WEe B Aof7|d ofs) &
Ao} At} whebs wzgky Aojrldl o) INGHAYHS dAHow Ao

HE AL g # 5 Yk

Table 3.1 PID(Proportional Integral Derivative) Controller

TAG NO. DESCRIPTION TYPE p [
PIC-101 LNG OVER PRESSURE CONTROL DIRECT 2 3
PIC-102 LNG TANK OVER PRESS. CONTROL DIRECT 425 | 1.25
PIC-103 COMPRESSOR OVER PRESS. CONTROL DIRECT 3.25 2
PIC-104 LNG TANK P. CONTROL DIRECT 3.25 2
FIC-101 LNG FLOW CONTROL TO VAP. REVERSE 0.3 0.1
PIC-105 FG PRESSURE CONTROL REVERSE 2.5 1.25
PIC-106 FG OVER PRESSURE CONTROL DIRECT 3.2 2.5
TIC-101 MSP OVERHEAD FG TEMP. CONTROL REVERSE 1.5 2
TIC-201 GW UNDER TEMP. CONTROL REVERSE 1.25 2
TIC-202 GW HEATER OUTLET TEMP CONTROL REVERSE 1.35 | 1.85
TIC-301 FG TEMP. CONTROL REVERSE 2.1 3
LIC-101 MIST SEPARATOR LIQUID LEVEL CONTROL DIRECT 1.35 2

$19] Table 3.1¢14 P& PID Aloj7] wi7R¥4~(Tuning Parameter)e] H]# A o]
(Proportional ControDol|A & Zrolw, [ & PID Aloj7]¢ # E(ntegra)Al 7k
o E &= EMinute)ehs ol o}
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Fig. 3.2

Process Flow Diagram for Dynamic
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3.3.1 Case study 1 : Lean LNG Case with 2,000 m® LNG Tank

QA 22" A 7]k wWekzAdY] 95.0 mol% ©]/32] Lean LNGE= Exbd o
Z A7 &4 A LNGH Z9] INGRAEE EF AZFsHEtE LNG ool ddAA
o] MAYE R ¢rol BIU ] INGE dE5=2H BT &8 4 A& ¥k ofy

A A7 FEAE TS BT Y 7 A o] =A-4X 0T 1A
Tt A7) Lean INGZA S <=4 H& L
Ao A s INGEAS g3E AL Bxo HAAAMLN glojle AMA E7le3)
o wEkAd, B AFoHE= Lean Case ATE Y8 wWg i3 90 mol%o
INGE o] tg BayFolA dojvy= LNG do]dd gl tigh 248 43
skt

INGxA 2 7+ Erdo whe} thefst drbz oz Ml 4=

v

FEUE INGEAS A5 & duk ol%h ¥4 BHRAE T3 24 0E =

v

Table 3.2 LNG in Stream Composition for "Lean Case Dynamic Simulation"

Component mol (%)
Methane 90.86
Ethane 6.76
Propane 1.62
i-Butane 0.48
n-Butane 0.25
i-Pentane 0.00

n-Pentane 0.00
Nitrogen 0.02
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3.3.2 Case study 2 : Rich LNG Case with 2,000 m* LNG Tank

2 Ao vg 80 mol% FEo FAVIFAAR] P TFHE Rich
LNG Case®] LNG ©llo]d@d 71&<& &2 =AHDynamic Simulation)& &8 4
WXz} gt} Rich LNG Cased] =42 Table 3.2¢9 £t FAAxE AyE
F A=o] o ek(Ethane), ZE 3 (Propane)©o] Lean LNGo| nls] Atz oz wr]
wf ol AT £4 o] LNG oo]g @ o] ©f &H3 o]Foqd F &S
) B ¢ Yo

N

Table 3.3 LNG in Stream Composition for "Rich Case Dynamic Simulation”

Component mol(%)
Methane 81.82
Ethane 16.16
Propane 1.52
i-Butane 0.20
n-Butane 0.20
i-Pentane 0.00
n-Pentane 0.00
Nitrogen 0.10

Table 3.3¢] Rich LNG Case®] A& Lean LNG Case®} njz7iRA 2 %717
AlzZ(ntial Boundary Condition)< 24 27488 oH, A&7t~ a+4=F1 &
3k 17.0 barA = o2 HnE staAl st} LNGe] &4 w2l Lean Case
of &g FQa Av Aol dF WAE F&= YA I 4L tEol itk

Rich LNG Case®] +8 T4A&2 tadt 2o

ﬂi\

%0
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3.3.3 Case study 3 : Lean LNG Case with 4,000 m® LNG Tank
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3.3.4 Case study 4 : Rich LNG Case with 4,000 m* LNG Tank
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Table 4.1 Operation Durable Time and Remained LNG Level in Tank for Each Case

OPERATION REMAINED
METHANE(C1)
CASE DURABLE LNG DENSITY Y LNG LEVEL IN
mo
TIME ° THE TANK
Case 1, Lean about 395,000
523kg/m3 about 65% 13%
LNG 2K Tank sec(110hr)
Case 2, Lean about 790,000
523kg/m3 about 65% 13%
LNG 4K Tank sec(219hr)
Case 3, Rich about 225,000
485kg/m3 about 65% 47%
LNG 2K Tank sec(63hr)
Case 4, Rich about 427,000
485kg/m3 about 65% 40%

LNG 4K Tank sec((118hr)

2. % LEA]Z(0tto cycle) A& 7k2] INGHZFHA 25 e 427

=2 dFstdxe] FAGEHA mHETE AoE A% Aulrt eld
AzEle AAY g, ARl mE o] A HING Ageing) o= <l&te] LNG
THxzol AAXI(Design Margin)< A4 AT stulets, 2= LNGH =
H ING A< AHEstA ke 457F 2AsHA Atk ol= LNGH=z2 7]
(Priming)&Al, Hxo &FEA o2 Ueyd, A== LNG7|37]e =
= ol A FAH ok = Al o] ¥ & & 3t ol AHRHo=
Az7t29 gHAAE A FEete] ¢=EAsHPressure Drop)el H€glo] & 4
@)

o, 7t INGe) =Aulol we} 52 FAmAe] fao] aTEofof Bt}

INGE 8= st dAXS 71 ARt A5, AFol wet Adutel &
2] zol7t An. dE So AHClWewAde Ae ArHder F7|H
(Main Engine)e] &-8&&°] Atjzoz dIA NGzl o] W37t 2
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