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Abstract Liquefied natural gas (LNG) is the most economical way to transport natural gas over long
distances. In the process of LNG transportation and storage, BOG(Boil Off Gas) is generated, and losses
are unavoidable. In order to prevent this loss, methods such as using BOG as fuel or re-liquefying it are
being used. A recently proposed in-line recondenser is similar to a static mixer. It has 2% of the volume
and 1/15 of the weight compared to an existing packed-bed recondenser, making it easy to mount on
a ship. The purpose of this research is to propose a fuel gas management system(FGMS) for LNG ships
using the in-line type recondenser and to perform basic design of the system. It was designed under the
requirement of liquefying the entire amount of BOG according to the temperature and pressure
conditions. The design was divided into a basic model and a pre-cooling model. The feasibility of the
design was verified through simulation, and the total amount of liquefaction was realized through a
method of increasing the mass flow rate of LNG with a constant pressure. The basic model had a
LNG/BOG mass-flow ratio of 10, and the pre-cooling model liquefied BOG when the ratio was 8.22.
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Fig. 1. Size Comparison by Recondenser Type
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2.1 FGMS A2 44

FGMSE Al figt 7% 9702 diif Aut, oA
7, BOG WA, AdRANF 59 JHEC] 97 HLh
EAZQ A %A 9] 8AES 23 Aol e
Avg sttt

i AEk2 LNG &% &3l 7|5lsto] LNG Alef
AA 718 Eol BFH $% LNG A4t 5 Fig. 29
SK Audace® ARt 20164 QlEEo] A &3 =
Ql Aldtolm, 180,031 m*9] LNG 24t S8 7HA|x
Aot YEFH AL LNG 8o z® 9% & =
E AA=E9oH, ING dE¥%3E 6,453 m*e] S5S
7N AL et s Aol thgh 71ef ANEARRS Table
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Fig. 2. LNG Carrier (SK Audace)[8]

Table 1. LNG Carrier Specifications

Model SK Audace
Type LNG Carrier
Ship owner SK shipping
Delivery Date 2016
LNG transport capacity 180,031 [m?*
LNG fuel tank capacity 6,453 [m’]
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BOG HA#H2 LNG 8H3749] stE3) A=y
A 87 BT mFoto] Aute] AR &7 2AoA W
AYok= BOGHS A¥A dlog 7|gko & Aot
Hasan M 5°] AA| A} AHHo|HE 7|Hog AA|
3t Cargo BOG(eI3} CBOG) A& 7hS 2-g3lgion,
olgfl Table 20 W& A2 oA Eq. (1) E3

AlZF BOG #A8F2 & 2.47 ton/hr= AMYESITH

VX C,

rate

Qcpoc = XtXp )

LNG

Where, & cpo¢ denotes CBOG mass flow ratelkg/hr],
C

Viota denotes total tank capacitylm?®, C, ..
denotes CBOG occurrence rate in 20 days, t

denotes timefhr], p  denotes LNG density

Table 2. Calculation Conditions for CBOG Flow Rate
[9]

BOG Type CBOG

Lean-LNG
(methane 90 % / ethane 10 %)
Measurement of LNG change
after 20 days of operation

25 °C
1.01 atm

LNG Formation

Measuring Method

Atm Temperature

Pressure

Total Heat Transfer

Coefficient 0.4 kJ/h-m*>°C

INGE d=52 Z8otHA
AE A7 "ol @A LNG Fx149
dky Qi o]of 180,000 CBM & Aldke] 4
o] A%et &S 7 WinGD A9 5X72D
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O Fig. 3(a)9] 5X72DF 7 22 HE 31 595
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Qryer = SMCR, X n, X BSGC, X ¢,
+SMCR, X n,xX BGSC, X¢, 2

Where, (¢ denotes fuel total mass flow ratelkg/hr],
SMCR denotes SMCRIkW], n denotes number of
engines, BSGC denotes BSGClg/kWhl, & denotes
engine utilization rate[%], p denotes propulsion

engine, ¢ denotes power generation engine

A, BOG 4%, ARAH|S vt

A9 24 Wo] AR FFYY

Aol At
goz AAd dAx
Aol @Sk BOGE AT Aot 4 Sl FGMSE
Meshs Ae FR= A2g GAE +3AH.

Table 3. Selected Engines and Specifications

ower
Engine Type propulsion geieration
Brand WinGD
Model 5X72DF 8L34DF
SMCR* at 69 rpm [kW] 10,400 4,000
BSGC* [g/kWhl] 140.3 155.3
fuel consumption per hour [kg/hl 1,459 621
Fuel Temperature [°C] 45 45
Fuel Pressure [bar] 11.5 11.5

* SMCR : Specified maximum continuous rating
(A& HEE)

* BSGC : Brake Specific Gas Consumption
AE dA=m4HE)

b)

Fig. 3. WinGD Engines|5]
(a) 5X72DF (b) 8L34DF
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ot Basic ZE-2 FGMSQ] B4 4AF EISH 7|24
ol Hdo|H, Pre-cooling X9 Basic ZEEof
Pre-coolerg A&sto] A5} 52 /N4 Bdoltt,
T 2do] AlEHo]AE Bl Pre-coolerd 452 <l
st 5 i Blask
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Fig. 5. FGMS Pre-cooling Model 7IZF%
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[e]

T
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9] EFE0] Wio] e A FRIFFeEH BOG7H A
F BSE S-S Tt A A3t He= L3 X
9] 2% [-Recondenser ¥4 9] st ol 72
—140 °CoJr}. FFARI AlAH”l FEE 95 13 AHY
255 1 °C ¢ %2 -141 °C2 A%, ol whz}
L1 A39] NG A3 247+ 24,700 kg/h= 24
=3It

[—D
\  LPComp A
i ' ®
Power of Comp v Sea water|Vaporizer
102.66 kW 82 I

B1(BOG Inlet) b

Y= H_sw w

= - S
) >
l-recondenser 13 §1) |4 splitter 948.66 kw

J HP Pump
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H_elec Hs-;er

128.80 kKW l

v
Power of Pump Power of Pump L5 (LNG Return)

=
4.91kW 16.24 kW F1 (Fuel Outlet)

Fig. 6. Basic model DWSIM flowsheet

Table 4. Basic model Simulation input/output

Point Number L1 B1 15 F1
Temperature [°C] -162.0 -120.0 -140.5 45.0
Pressure [Bar] 1.06 1.06 12 12

mass flow rate
[ke/h] 24,700 2,470 23,010 4,160
phase Liquid Vapor Liquid Vapor

Table 5. Basic model I-Recondenser input/output

Point Number B2 (BOG) 12 (LNG) L3 (Mixture)
Temperature [°C] -41.9 -161.8 -141.0
Pressure [Bar] 4 4 4
mass flow rate
lke/h] 2,470 24,700 27,170
phase Vapor Liquid Liquid
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34/\ AFFHL 19,300 kg/hollA &3E0] Higo] 5

L AL #eigto 74 BOG/F A A5lE S-S wet
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—
, Hc ,,/"3 B2
ower Comp. ;
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5 Elock1
EA

<=b

LTs
B1(BOG Inlet) Sea Waterj Vaporizer
= é ) L4 spliter
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@J H_elec
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Power Pump Heater

Power Pump 16.23 KW L5 (LNG Return)

4.91kw F1 Fue\ Outlet)

Fig. 7. Pre-cooling model DWSIM flowsheet

Table 6. Pre-cooling model Simulation input/output

Point Number L1 Bl L5 F1
Temperature [°C] -162.0 -120.0 -140.5 45.0
Pressure [Bar] 1.06 1.06 12 12

mass flow rate
kg/h] 20,300 2,470 18,610 4,160
phase Liquid Vapor Liquid Vapor

Table 7. Pre-cooling model I-Recondenser input/output

Point Number B2 (BOG) 12 (LNG) L3 (Mixture)
Temperature [°C] -40.2 -161.8 -140.4
Pressure [Bar] 4 4 4
mass flow rate
ke/h] 2,470 20,300 22,770
phase Vapor Liquid Liquid

2.3.3 AIZY0|M 2N
[-Recondenser WollAlE st 7)Aol Ao]HA|
Fduwslo] o]Fojx|H, F AojAe] ¥]F xto] (LNG :
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3.34 / BOG : 2.04 kJ/kg°C) ¥ HAzFRaFe] 2jol2
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