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Abstract

Excessive generation of BOG during the LNG transportation not only causes the severe financial loss
but also leads to the unexpected disaster. Therefore, the carrier cargo insulating interior LNG should be
carefully designed based upon an accurate heat transfer analysis. However, it is not simple to analyze
heat transfer of LNG cargo, because it is in a complex insulation structure and LNG carrier
experiences a complicated heat transfer according to various kinds of voyage conditions. In this paper,
we carried out the transient finite element heat transfer analysis for a cargo of Mark-1II membrane-type
LNG carrier during laden voyage, and we compared heat transfer rates between considering natural
convection and considering conduction. For this goal, we developed a PCL program incorporating with
a commercial MSC/NASTRAN FEM code.
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Table 1 Geometry dimensions of model

Xi 13.225m Y, 4.030m
X 10.535m Y- 14.94m
Xs | 2.320m Y 8.45m
X4 18.98m Y, 1.88m
Xs 14.955m Ys 3.63m
X6 3.1m Ys 3.4m

Z | 21.6825m | 7, 1.355m
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Fig. 5 PCL program for parametric modeling

e AAstAT fFeas 2 HEFP & A
zbzk 40,58770, 4407670019, QA0 B F T 7]
1.2 x 1.2 x1.2(m%o]th

e e _lh'.

2 M =A

THAA] LNG2| HA&2 98.0%% o|uf zA 5}
= HILFS 38664.92m°0)H. HA R o
719k dlgroll oek FAUFIE A=, i)
2 e A LNGHo] $38k= 2k u 4]
of g2E 7lFor s zhz} 28CS 29C = A
Aetel 1e)ar A& 19.5knots. A A A Hol
A A TtA Eoly: 10me)H, cofferdamy] 9] &

A EHE

@4 % BOG %7}

397

Table 2 Properties of insulations

- Specific| Specific | Themmal
Thickness Gravity Heat  |Conductivity
(m) (kg/m’) | (keal/kg C) | (kcal/mh C)
Primary | 0615 [ 81370 | 0.1 39.0
Bamier - ~
Top
Plyweod | 0012 | 7100 0.26 | 0.094
_Ply , | ,1
Primary 6 hee | 1200 02199 | A@H
Insulation ] F B
Triplex 0001 | 17800 024 | 189
Secondary |16 1500 02199 A@H
Insulahon ] ; : -
Back | 0000 7100 034 0.1022
Plywood | o o
Mastic  0.0125 | 495.0 025  0.1444
Hull 0018 78330 0.1l 465

Table 3 Thermal conducn\ ities of insulations

Temperarure | themmal Temperature Thermal
(C) Condu(.tl\ilt_\ ‘ (C) Conductivity
(kcal/mh C) | (kcal/mh Cy

-160 00163 | 40 | 001892

-120 0.01892 -20 { 0.01978

80 00182 | 20 0.02236
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Time |(Heat Amount| BOG BOR
(hn) W) (kg/day) (Yw/day)
2525 99664.97 16844.78 0.09512
. 96299.05 16275.90 0.09191
73.25 94385.95 15952.55 0.09008
105.25 90637.34 15318.99 0.08650
121.25 88831.27 15013.74 0.08478
137.25 87095 .45 14720.36 0.08312
169.25 T706‘89 14164.55 0.07998
Average | 91531.56 15470.12 0.08736
Table 5 BOG/BOR considering conduction
Time |Heat Amount| BOG BOR
thy | W) (kg/day) (Y/day)
25.25 88089.76 14888.41 0.08407
57.25 79314.54 13405.28 0.07570
73.25 77694.90 13131.53 0.07415
105.25 75794 .55 12810.35 0.07234
121.25 ( 7508132 12689.80 { 0.07166
13725 | 7392456 | 1249429 | 0.07055
169.25 | 73674.60 | 12452.04 | 0.07031
Average | 77653.46 | 13124.53 | 0.07411
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Fig. 8 Heat flux distribution considering conduction
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(b) Considering conduction

Fig. 9 Comparison of temperature distributions
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