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Study on Cool-down Analysis Technology for Large Scale Liquid
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kwonys@kogas.or.kr Abstract >> Korea government is trying to supply liquid hydrogen from another

_ country to domestic The research for liquid hydrogen transportation and lique-
Ez\iies'zzd Z; ';Z\éee";zzrr igii faction plant of hydrogen underway for several years, and empirical research is
Accepted 22 January, 2024 also planned in the future. Along with the development of liquid hydrogen trans-

port ship/liquefaction plant technology, the development of liquid hydrogen re-
ception base technology must be carried out. In this study, a concept level liquid
hydrogen receiving terminal is constructed based on the process of the LNG re-
ceiving terminal. Based on this, a study is conducted on the development of anal-
ysis technology for the amount of BOG (pipe, tank) generated during cooldown
and unloading in the liquid hydrogen unloading line (loading arm to storage
tank). The research results are intended to be used as basic data for the design
and liquid hydrogen receiving terminal in the future.
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2.1 Liquid hydrogen receiving terminal
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Fig. 1. Concept of liquid hydrogen receiving terminal
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2.1.1 Process of liquid hydrogen un—loading

ING Q152714 &% % AFiLE Alelshd BOG
AaFo] 7wk Ao INGE] A4, 31 Aot}
Warm-up¥ #jo]] 429 |A7F 24 =¥ &

7rH o g wro okol BOGY} ¥rAy3tcl W3} thermal
stress2 ¢15ko] vfjdo] A3 %3 7H5Ao] Qlo
o o]t HjE sholahe S 2T & glon
& 5t Hofl= uje] A2 AJHi(keep cooling)-fA4]
7 o]y, A4 Q14714 @A] LNG <14

71X 9t SRt o] AE Al 01]”5101 ol

A7t RS Fal WAl A% Wl AR
=7)712) 9] vl gRlolct. 2 AtolAl= %11—%94
WA AT} A2 ARl 2

A7 FaEE oA EAY st BOG A5S &
3] Zth&(cool-down) {45 FarA} ghef 514 Hj
e T SR 1o e BAstlom, 7t 4t
Zke] 442 Fig. 29k Ptk

ofr

2.2 Liquid hydrogen un-loading modeling
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2.2.1 Physical properties
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2.2.2 Process simulation

Table 2. Process parameters

Parameter Value
Tank
Off shore tank -2523C /4.2 bar a
On shore tank -246.6C /4.0 bar_a
Pipe
Flow rate 171.6 ton/hr
Temperature / Pressure 20.0C /1.9bar a
Void fraction 1.0
Outside temperature 20.0C

Table 3. Thermochemical properties

Fig. 2. Unloading diagram of liquid hydrogen receiving terminal

Table 1. Liquid hydrogen piping analysis variables

Unloading Line Liquid Hydrogen
Inner Inner
(inch) Ne. (inch) No.
Main Pi
ain Pipe 10 3 10
20 2 20 2
Storage Tank(40,000 )
» BRLADNOLIR/SHE] =2

Name Conductivity | Specific heat Density
316L 15 W/mK 500 J/kgk | 8,000 kg/m’
Table 4. Optical properties
Name | Solar absorptivity | IR emissivity A/E
MLI 0.15 0.006 24.663
T A p—
g AW
Ball v 1,\ ;
oo e ® o

Fig. 3. Unloading modeling of liquid hydrogen receiving termi-
nal
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Table 5. Piping informations

Name (Ilrrllr;;r) L?rr;g)th Valve Elbow
Loading arm 10 40 4 3
Main pipe 20 160 6 10
BOG line 16 200 10 13
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Fig. 4. Piping analysis measurement point diagram

(b) Pressure

Fig. 5. Temperature and pressure changes according to cool-
down time
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- 1: bubbly

- 2: slug

- 3: annular

- 4: stratified
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Fig. 6. Flow change in pipes according to cooldown time
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