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Abstract - As guidelines for exhaust gases of ship are reinforced by the International Maritime Organiza-

tion, the necessity for LNG fuelled ship is emerging. The relevant research is actively progressing to develop
technologies and promote commercialization. When the residual quantity of LNG fuel tank is less than 70% by
consuming fuel during operation, sloshing should be considered. We applied the Type C LNG fuel tank be-
cause medium sized LNG fuelled ships are difficult to equip with re-liquefaction system. Structural integrity
and thermal performance are very important, especially in LNG fuel tanks that apply to LNG fuelled ship.
Through this study, we proposed evaluation procedure of thermal performance for the Type C LNG tank, and
verified the validity and effectiveness of BOR(Boil-Off Rate) test Procedure by comparing and analyzing
changes in temperature, pressure, BOG(Boil-Off Gas).
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Table 1. Main Characteristics of LNG Tanks
of Various Type

Tank Type Description Pressure

A Full secondary barrier < 0.07MPa

Prismatic tank; partial
secondary barrier
B < 0.07MPa
Spherical tank; partial
secondary barrier

Pressure vessel;
no secondary barrier

= Al

rr

Type C LNG Tank®] A& F2A14 4
3 ol t2]

£ Al A& Type C LNG Tankol 23 BOR
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Type C LNG Tankel @&t BOR H2EE F+33
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Il. Type C LNG Tank

2.1. Type C LNG Tanke| £3

Table 1-& IMOOI A 778 3h= LNG & 949
TEH FoEACIth A VA typelE U= F
U=, °] 3714 &4 F Type C= 02MPa ° &
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Table 2. Specification of Type C LNG Tank

37}

q
=

Aol

e

AT

Table 4. Calculation of BOR during 15 days

Tank Type IMO Type C Double Shell Liquid Boil-Off
Da Temperature | Pressure Weisht Rate
Gross Volume 21 o Y ) (MPa) (kgg) (%)
Net Volume 19 ol
0 -190.3 0.2622 15341.1 0.124
Liquid Weight(LN;) 15,460 kg
1 -189.5 0.2853 15314.0 0.130
Design Pressure 0.9 MPa(Gauge)
K 2 -188.7 0.3084 15285.1 0.134
Safetypi’alve Setting 1.35 MPa(Gauge)
essure 3 -188.0 0.3316 15254.6 0.138
Tank Dimension 1,800 mm(1.D) / 8,823 mm(L)
4 -187.2 0.3549 15222.5 0.141
Insulation Vacuum & Perlite / 300 mm
5 -186.4 0.3782 15189.1 0.143
Table 3. Conditions of Calculation 6 -185.6 04015 | 151543 0.144
Int ! 7 -184.8 0.4249 15118.3 0.145
T " er“i‘ -195.65C
emperature 8 -184.1 0.4484 15081.3 0.145
External
T 20C 9 -183.3 0.4719 15043.4 0.144
emperature
iqui 10 -182.5 0.4955 15004.7 0.142
gt 808.6kg/ i
Density(LN>)
11 -181.7 0.5191 14965.3 0.139
Latent
Heat(LN;) 474keallkg 12 -180.9 0.5428 14925 4 0.136
Design of 0.05Torr 13 -180.1 0.5666 14885.1 0.131
Vacuum
. 14 -179.3 0.5904 14844.5 0.125
0.00407W/mC (Vacuum&Petlite)
Thermal OW/mC (Hich |
iy 17.0W/mT (High manganese steel) 15 1785 0.6143 14803.9 0.118
0.17W/mC (support)
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Fig. 2. Schematic Diagram of LNG Mock-up Tank.
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Fig. 3. Temperature Change during Cool Down.
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Table 6. The Result of Experiment during 15 days

Temperature Pressure ;;g::; Gas Density Day Temperature Pressure ‘I;;Zl;lhdt B(l’::t(e)ff
(©) (MPa) (kg/nf) (kg/nf) (©) (MPa) k) (%)
-192.5 0.147 790.91 6.5014 0 -190.1 0.20 15460.0 0
-191.5 0.163 786.21 7.1757 1 -189.4 0.41 15442.2 0.115
-190.5 0.181 781.47 7.9014 2 -188.8 0.45 15421.8 0.132
-189.5 0.200 776.68 8.6811 3 -188.4 0.48 15398.6 0.150
-188.5 0.221 771.84 9.5175 4 -187.8 0.51 15368.2 0.197
-187.5 0.244 766.95 10.4134 5 -187.2 0.56 15341.5 0.174
-186.5 0.267 762.01 11.3718 6 -186.6 0.61 15330.1 0.074
-185.5 0.293 757.01 12.3958 7 -185.9 0.66 15310.2 0.130
-184.5 0.321 751.95 13.4886 8 -185.2 0.72 15294.6 0.102
-183.5 0.350 746.83 14.6536 9 -184.4 0.79 15274.3 0.133
-182.5 0.381 741.65 15.8944 10 -183.6 0.8665 15250.8 0.154
-181.5 0.414 736.40 17.2147 11 -182.8 0.8264 15228.2 0.148
-180.5 0.449 731.07 18.6187 12 -181.9 0.8753 15212.1 0.106
-179.5 0.487 725.68 20.1105 13 -180.9 0.9251 15188.3 0.156
-178.5 0.526 720.20 21.6947 14 -180.0 0.8192 15150.4 0.250
-177.5 0.568 714.64 23.3762 15 -178.9 0.9348 15112.9 0.248

st a7t EA5HE AAHQ0%)S] B, 27 2= Boil Off Rate(%) = Wy/ W, X 100 ©)
-190.1Co)H 10Y Foll= -183.6TCE &Aoo =

7] &= Hl3) oF 65C7t 53T 1—5— LNG AYe B3] =438 83 £% 94E, BORS

dg =

Bage] 439 —? o] e HHF
7t BaEs, @A -183.6TColA LN, *E3}
tg & oF 0.35MPaclil A H ¢E-L 0.86MPaR
A LN, Z3PFEjR Tt 0.51MPavt =& 218 F¢l
SlEa B3 Y HE= A9k 71A19 2 Phase/“'EH‘ﬂ
Ao J&%@u}[s].

44, THEEs HIt

15¢ < SAE s ot A F)ol st
BOR (Boil-Off Rate) %< Al4XFHATE o714, Wi
= 7138 712 (Boil-Off Gas)& v]3hd, Wie
N3} 7h2wFS ofu 9], [10], [11].
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Table 7. The Error Factor of Liquid Weight
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Table 8. The Error Factor of Pressure

Day Tem(pocg;iture Liquid Weight (kg) Day Tem(pocg?ture Pressure(MPa)
Calculation Experimental Calculation Experimental
0 -190.1 15341.1 15460.0 -190.1 0.26 0.20
1 -189.4 15314.0 15442.2 -189.4 0.28 0.41
2 -188.8 15285.1 15421.8 -188.8 0.30 0.45
3 -188.4 15254.6 15398.6 -188.4 0.33 0.48
4 -187.8 15222.5 15368.2 -187.8 0.35 0.51
5 -187.2 15189.1 15341.5 -187.2 0.37 0.56
6 -186.6 15154.3 15330.1 -186.6 0.40 0.61
7 -185.9 15118.3 15310.2 -185.9 0.42 0.66
8 -185.2 15081.3 15294.6 -185.2 0.44 0.72
9 -184.4 15043.4 15274.3 -184.4 0.47 0.79
10 -183.6 15004.7 15250.8 10 -183.6 0.49 0.86
11 -182.8 14965.3 152282 11 -182.8 0.51 0.82
12 -181.9 14925.4 15212.1 12 -181.9 0.54 0.87
13 -180.9 14885.1 15188.3 13 -180.9 0.56 0.92
14 -180.0 14844.5 15150.4 14 -180.0 0.59 0.81
15 -178.9 14803.9 15112.9 15 -178.9 0.61 0.93
V.48
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