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ZE 74 A5 FAANA 4 d9oZ HA JtxY Aol FUbeta ok aEu A3t HA v
= }%ﬂoﬂ 1A BOG(Boil-Off Gas) wAI7F k. & =idlAe 43 HAA 7F22(LNG) H=4
H] & 3}l ABC(Reverse Brayton Cycle) AH] 7Hs Al ¥A3= BOGE H43ksl7] & 449 A
To} BOG HAFES AF3ste] g B4 o AAAAE =30 LNGE dWFAZ AL
#3= 2AH 648, YW&3F 64 m’Y STS3164CE ALE AuE mAEIgod, AALEL 10
barGE &3ttt g Avle A, AF, 9D Wyves mdysgon, FIAAEHS A
£3le] BOG HAHFE dS3tdtt 272 5E AEHES HEeA ¥ A¢Y d¥S -121.9C =
£ HolE -1212T °J3le ZEH 2= =23tk AHEHE HEFs o @9 =2 =A
A 4 Aok =3 FA 9 due=r) -110T o o]=29d Ayt G HEtE ) &3
< 2F3A Gol HiZEo] e AR YERT

FNHE | FA2H8FA, Boil-Off Gas, & Brayton AFo]|E, oW, A3} HA 7}

Abstract : The use of natural gas as a precooling heat source in the hydrogen liquefaction process is
increasing. However, in the use of liquefied natural gas, there is a problem of boil-off gas (BOG). In this
paper, in order to minimize BOG generated during the operation of ABC (Reverse Brayton Cycle)
equipment, one of liquefied natural gas (LNG) handling facilities, the degree of precooling and the amount
of BOG generated were indexed to derive a correlation between heat transfer properties. A facility built
with STS316 steel with a total mass of 64 tons and an internal volume of 6.4 m® using LNG as a
precooling fluid was simulated, and a design pressure of 10 barG was applied. The target equipment was
modeled only with mass, volume, and heat transfer area, and the amount of BOG generation was

e (https //orcid.org/0000-0002-9598-9995) : 147, **t Seok-Hwan Ahn(https:/orcid.org/0000-0002-9598-9995) :

Z29] EH slw F91&-37)A s Professor, Department of Unmanned Aero Mechanical

. . Engineering, Jungwon University.

fr]n;‘l shahn@jwu.ackr, Tel : 043-830-8942 . Ermail  shahn@jwuackr, Tel : 043-830-8942

44 8(htps://orcid.org/0000-0001-5587-2939) : T2, wgeon-Hwa Kim(https:/orcid.org/0000-0001-5587-2939)

Fe=uA 7w General Director of Technology, Korea Energy Technology

*0] AF-&-(https://orcid.org/0009-0001-3183-8856) : FY A7+, Group.

@atao 1 A 7] &t *Sa}.long Lee(https://orcid.org/0009-0001-3183-8856) : Research

1 % 2 (hitps: . y _ i i . ool A Engineer, Korea Energy Technology Group.
&(https://orcid.org/0000-0002-9494-6491) = TNIECIAL, oy uno fin Roh(https://orcid.org/0000-0002-9494-6491) : President,

FEFFAAA 7= Korea Energy Technology Group.

=

26 FHALHIUDR] H273H M4z, 2023H 8


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2023.27.4.026&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

25 - OIALE - =BT - OHAE

predicted by applying the finite difference method. From the results, the precooling in the case where the
difference method was not applied reached the boiling point temperature of -121.9C or at least -121.2C

or less. When the difference method was applied, it was possible to check whether thermal equilibrium
was reached. In addition, it was found that when the precooling temperature of the device reached.
When the precooling temperature of the device reached -110C in spite of an accident, there was no

emission. The reason for this is that the capacity of the safety valve was not exceeded.
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Precooling Section
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Fig. 1 Example of the Joule-Bryton auxiliary refrigeration cycles
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Table 1 Specification of virtual facility

Classification Designation

Flow generation: 129 kg/s

Control valve @ 100% open (liquid)

Equipment total mass 64604 kg

STS316 steel

Material of equipment Latent heat: 500 J/kg - K

Total area (inner) 195.600 m”
Total volume 89.446 m’
Piping Inner diameter: 20 in.
Design pressure 10.0 barG
Operating_pressure 4.5 barG
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Table 2 Properties of NG to calculate HTC

Property NG
Temperature (K) 113.5
Bubble point temperature (K) 110.1
Dew point temperature (K) 113.5
Mass density (kg/m®) 1.759
Molar density (kmol/m) 0.109
Mass heat capacity, mixture (J/kg - K) 2118.0
Heat pacity, mixture (J/kmol - K) 34100.0
Thermal conductivity, mixture (W/n? - K) | 0.012762063
Viscosity, mixture (N * sec/m®) 4.49E-06
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Convection heat transfer
(HTCo-(Tpog — Ts) - Agry)

___________ |——————-----: Internal
BOG E pressure(P)
Area(A;,) E_®
] Volme(Vgge) |
Equipment Temperature(Tg ;) i
Mass(mm) LNG

Heat capacity(C)
Temperature(T,) Area{d,0;)

L Vohme(V; yg)

Temperature(T,,)
Boiling heat transfer
[HTCB' (_T; - Tsal‘) : ‘qdl".\‘)

Fig. 2 Analytical model to calculate BOG generation

Table 3 Composition of NG

Composition Mole fraction (%)
Methana 90.09
Ethana 6.04
Propane 2.54
ISO-buthana 0.54
N-buthana 0.58
Nitrogen 0.21
Table 4 Coefficient of curve fitting
Properties | 1*' term | 2™ term | 3™ term | Constant
HTCc |301.207 | -84.8319 | 25.0347 | 4.18442
HTCgp | 12873.76 - - -84.9702
Tee | 000942 |-3.17x10775.13x10" 153.033
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Table 5 Definition of cases

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
T, @ accident (C) -120.4 -120.9 -121.2 -100.0 -120.9 121,12
AT(=Te Ty () 1.5 1.0 0.7 1.5 1.0 0.7
HTC (W/m® - K) 18271.0 | 12810.0 8898.0 29633.0 | 12810.0 8898.0
Contact area ratio (%) 100.0 100.0 100.0 1.96 9931.0 100.0
Latent heat (J/kg) 510395.0
o7 3#HZ Aot} Case 4~62 AEHES ZHE  Table 7 Calculated results of cases with finite
3 A9-ZA, Case 1~32 UZRTORE 3l B o difference method
7o e wlal A Eskl Case 4 | Case 5 | Case 6
Time to equilibrium (s) | 21.25 | 20.00 | 19.00
3. Zat ¥ n#F Time to 10barG (s) | 13.50 | 29.50 | 43.00
Temperature difference
3.1 iXE Caseol A& H e S e I
10 barGel AAYE =7 3}olA BOG A &F BOG generation (kg/h) | 67070 0 0
L Case 1~32ZHE ZZ 70427 kg/h, 31,210 Design ratio
kg/h, 15,174 kgholth. o] Aste mF bddn (BOG generation 09527 | 0 0
o 474 wE §¥e BEAT o, W 7 e capeey)
719 &% A7}t 1.5C olsto] =2 wj7h=A] uf-¢-
2Y2EE oY LA FAf e e o  BHET IO
vt} Table 62 Case 1~32] BOG 'ZA=F A4t
A7E 4P Aol 3.3 n&
WA Table 52| Case 13} Case 4= YFHWH]
Table 6 Calculated results of cases without finite HE8HES UEE F Ade FHazHo o
difference method AAZHE A 24 A bW H o] EEES
Case 1|Case 2|Case 3 UE3E V7] 255 AHEHS 83 CaseollA
BOG generation (kg/h) | 70427 | 31210 | 15174 20C o) @Al A AT T3 Table 79014 &
Design ratio T Jd%o] AHEHE Hg3t] A4S Casedll A=
o omoraton | 0973 | OB 0210 10 emze wejsiel 9%e ae
& S BRE ol AE Wl mE BOG
NS A3 Case 49 A= 10 barGe 7] $1%F A Aa =Fo &8 4 JY. gt
el =9 A BOG WA 2 £Fol Agixm 0 TTE mRAME GHY 1T T A= &
Bl AAVESFE EAshA gqr, T S EREes As el Wi A
Case 58 691 A9 10 barGel apere] =) m  HE ASIAE T Al o7k dob Ant
NG 7] Atole] QEmae) seksed Bogoh P WEHTE mEbd Azsel g wsh 33
WS SomE My wee g goz EY BEE ANAE FrHQ 477t ¥aw
AT Table 7 Case 469 At Aspg A WEHG & A7 AdMne YEed
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