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HAAZFEE LNG Hute g 4550 zF A47x e AFeaz H3Ee 43da7)
2 (LNG; Liquified Natural Gas)t= FA 2% Boiling Pointat} ¢zt @& 2% (-162T)
2 HgdErh LNG A$2 Wld-g F3d o)FojAn, o2 ¢ v Woe 24 #F
(2-Phase Flow)o] z5 A4 8th & AFdAE Aty oz ogd gy 224 f%5ol
ek Ay F ANEE dFSGn, G dWH EES B o8 d59FY 24
W& BOG (Boil-off Gas) A F A W e AF&d, o5& 7I¥te 2 LNG Hl#A &
e €f4%F AN Z2ads MEsdc. =23 2 a7 2 Z20Y AL BEdE 2F
o] gEA FA9Y ul# SizeE 7 & e HY HA ZZIYE FEIPD ol viH
AA A Fojz o HE 4 FEea BOG 2AF 59 3L &4 A 99 2o
2 st E Y gy ¥ gddArtEd S JlEez HE WY e H4 My Hfe
= d3 AdA dgold,

Abstract - LNG (Liquified Natural Gas) carried by LNG ship is unloaded into the
LNG storage tanks at the very low temperature (a little lower than the boiling point of
LNG). Because LNG is unloaded through the pipeline, two phase flow appears in the
pipeline. In this study, we have studied the pressure-drop mechanisms of the
two-phase flow in the pipeline, and the calculation method of BOG (Boil-off Gas)
amount based on the heat transfer mechanism through the insulation and the surface of
the pipeline. We have developed a computer program for thermal-hydraulic analysis on
the LNG pipeline system. We have also developed the optimal design program to find
the optimal thickness of insulation and the pipeline size. The program searches the
optimal design with the minimum capital cost of pipelines and insulation on the
operating conditions of maximum allowance pressure-drop and BOG amount, etc.
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Table 1 The characteristics of calculation models of pressure drop for 2-phase flow

Model Lockhart- - Martinelli- Thom Baroczy | HTFS HTRI
Martinelli Nelson
Q 13 © —_
Condition EH;L;; TO:;’] Steam-water 82;3;27;" :rt)er All liquid | Al liquid | All liquid
(Fé(;v}’;aztse) 350 > 350 = 150 - 2000 |300 - 4000 | 10 - 3160 | 350 >
A oieg |L-MEEms| 4% | A% &= | FEYHY
b arg
Charact | ojuim apg | (gt We) | 24 o8 | =zd |0 B
Accuracy low low medium medium medium high
28, $doery uloadingds A3 3 =8 pEHos A HojAALA £&
A7tar HE A@ TP BE Wn S oy HE FHE EANY HEE AdsAG. 2¥
A fittingBE2 FAHE Al 451] g} & Mandhane(3]= % @9 2 QA 2%
2 A& (pressure drop), 24 (2-phase)d &% el VY tFd 71]]'5'5 éjﬂf% %ﬂs}qof
So @gol vehnted, Agut ge gy ¥ FHA Y 2 49 wAE ARl &5
3 ZALNY eHHEZ o] asEe 45 o AT AFIY HES AMNSHA
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Fig. 1. The flow patterns of

2-phase flow.
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Fig. 2. Heat transfer mechanism
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Fig. 11. Window for initial condition and calculation result in the sub-program
of optimization.

Table 2. Calculated results and error percentages of the various computational
methods in the case study
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( ;;fqﬁ] ) 0 24 13 45 12
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Unloading linetoll Ao} v@&A2 A% of  THANAR)H gis) ANe £88 F@a A
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