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Abstract | LNGC suffers a great heat inflow during navigation and this heat inflow inevitably boils off the LNG. The boiled off
gas(BOG) is normally consumed as a fuel for ship’s engine. The boiled off LNG means a loss of cargo during transportation frm
the viewpoint of shipper. Therefore, a contract between shipper and ship operator is made on the limit of boiled off rate(BCR)
under 0.15 %/day based on laden voyage. This contract on BOR limit requires that ship’s officer has a correct knowledge on BOR
for his ship. But, in most cases ship is operated based on only officer’s experiences. In this study, author presented a simple mo:lel
to predict the boiled off gas(BOG) during navigation based on the existing precision heat exchange design technology about 'he
heat distribution on the hull and heat inflow from outside through the hull. The BOG is calculated for ballast and laden voycge
based on the actual weather conditions and verified by comparing with the measured BOG for the study ship. The study ship i- a
membrane type LNGC which is now servicing in Middle east route. Thus, the BOG prediction method which is presented in tas
study is expected to be used for an useful tool to manage the BOG in now servicing LNGC.

Key words : LNGC, BOG, BOR, membrane, ballast vovage, laden vovage

.M & g Mghdul= I FR27b wfg AX HAHEo] st

€3Holx] RsEZ LNGCAAME BOGE Adte 3 A8

A 23%9 Mure] 28 Zoja] LNGCING Carrient= H7E AHESHR ok w2hA sh3e) e 23w
= 122 2 Awloln). zAAgle) m S Edo) wAste ZolnR, A FF ol

2 Aue] Ahge Adatsg 2 EsHE BOGOl distel wtAgsidat 71 0.15%/day o]t
St EAdA Aol BAEE e B9 B

del sl R 7|50 mE} FLFS FAR W

2, AAelA A QAL FYriede A @

kK

! ohv oy W ok

|
o

al
BOG #AZe nje =as ng AT A
e 3

N
A
02‘«
%
o>
2
0
X
Hy
o
iu
Mo
o-?_lll
it

[}
of Yaels BOG wA4Z 4%
INGCM 9@ thakel INGE Mg E(re-liquifiedst?]

i

—343—



Ae B2 ARAN 2855 A3 olEle) HAY ol
4 A AR A ol 2wk dusa 15: ot
3 AR&A BOGHS A5 4 A= ke AT, Aol B
a8t WA B @FE INGCS J1e o 4 vel e

#Z2 EE Noon Reportd] o1A35to nH?]é’_—E Hrer B
Aol 1Y F AA3 At n AAFeRH, 1Y St L
AY BOGES 438 4 e 3¢S d3dddn, vl ¥
Mgk 2 vkl 717 9t BOGHS AN & de o
Hg gy

2. Exeaol it Helgar 2y

21 A7 Aol AL F 54% 92 A5
2 Aol diyane da 293U FH LNGC FolA

GT-96'%4) 138000 ma WrAANF
H) AL 2800 mejn AAe]
A AP Table 19} FA3H4cL

LNGCE Ad4ssc. A
Z& 430 mz, 3= 4

Table 1 Basic dimension for the study LNGC

Item Dimension
length overall 2800 m
length between perpendiculars 2685 m
moulded breadth 430 m
moulded depth 262 m
moulded scant. draft 120 m
moulded design draft 11.3 m
service speed (at design draft) 203 m
100% cargo tank volume 138,333.0 m

Fig. 1 Arrangement of cargo tanks and cofferdams of
membrane type LNGC
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Fig. 2 Top view of cargo tanks and cofferdams
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Fig. 3 Dimension of the quarter of No.2 tank
(standard tank)
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Fig. 4 Numbering of cargo tank zone for
thermal calculation
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Fig. 5 Comparison of heat transfer area for 4tanks
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Fig. 6 Comparison of volume for 4tanks

Table 2 Area ratio of each zone for standard tank

Area Ratio  A. [ Az,
z lems Calculating equation No.1 | No.2 | No.3 | No.4
one 7 7 oy )
m m
(%) (%) (%) (%)
{{10.11+1.34)x8.77+2
+10.11+6.2)x3 912
No.J+(10.11X15.07)}x2
1 1+{(10.53+19.3)x8.77+2
+(19.3+15 39)x3.91+2
S +19.3x15 07)}x2= 1,447.5| 1,957.9| 1.957 9! 1.957.5
one 1 .
(Cofferdam) | [ {{19 53+19.31X8. 772 (73.9)| (100.0)| (100 0)] (100.0:
+(19.3X15.07)}x2x2 =
{(10.53+19.3)x8.77=2
4 [+(15.39+19.3)x3.91+2
+(15.07x19.3)}x2x2 =
1 1(21.06+2.68)x33.36+2%1 =
A 396 0| 9368] 9368 8782
Zone 2 | 2/3](10.53x2)x(22.24x2)x 1 =
(Top side) (42.3)} (100.0)| (100.0}[ (93.m:
4 1(21.06X%41.7)x1 =
Aoy 1 1(34 6027x12.182)x2 =
%Snee? 3113 4532 2422 = 843.1| 1,103.1] 1,103.1( 1,034.3
co?n%() 4 |(12.402x41.7)x2 = (76.4)] (100.0)| (100.0}| (93.£)
1 [(15.07x34 6027)x2 =
B 1,042.9 1,340.6] 1,340.6] 1,256.3
zome 4 | 2/3[{15.07x(22.24x2)}x2 =
{Hul side) |~ 2175 07xa1.7)%2 = (77.8)| (100.0)] (100.0)[ (93.7)
Aoy 1 1{34,6027x5.4312)X2 =
%Eg\:ef 2/3|{5.5296x(22.24x2)}x2 = 975.9] 4920( 4920f 4603
corner) 4 |(5.5296%x41.7)X2 = (76.4){ (100.0)} (100.0}} (93.7)
A 1 [(30.78+12.4)x33.36+2x1 = )
Zons's 720.2( 1.369.1| 1.369.1] 1,283 5
(Bottom | 2/3](15.39x2)x(22.24x2)x1 = B
ide) (52.6)} (100.0)[ (100.0)} (93.7)
4 1(30.78x41.7)x1 =
D,i;"a’;' o el ‘(’fn) 4,825.6| 7,199.5] 7,199.5| 6,871 3
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Fig. 7 Thermal analysis mode during a voyage for
membrane type LNGC
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Table 3 Design conditions for ship and marine structure

Air |Seawater
Design conditions | temp. temp. Remarks
(Tair) | (Tsw)
USCG o . very low
1 design condition 8C | 0T teégrp;(eilygglre
tropical high
MO q
2 : -\ 145 C 32T temperature
design condition condition
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Fig. 13 Comparison of calculated BOG and measured BOC
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