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A Study on the Thermal Design of the Cryogenic LNG Carrier
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Abstract

This paper introduces the outline of hull structure to the sorts of LNG carrier briefly.
Especially, explains in detail for the insulation system of Moss Rosenberg Verft spherical tank
type LNG carrier. It is not easy task to calculate exactly the temperature distribution of hull
because of very complicated structure of hull.

Therefore, in this paper by the adequate modeling of the Moss Rosengerg spherical tank type
LNG carrier, a program is developed which calculate the temperature distribution of every hull
and estimate the heat influx from every hull and output the BOR according to the variation of
atmospheric conditions on boyage.

JEAMH R : Radious of Tank (m)
Re : Reynolds Number
BOR : Boil off Ratio (%/day) T : Temperature ()
Cp : Specific Heat at Constant Pressure At Time Step (sec)
(kcal’kgC)

Gr : Grashof Number 1. M =
Nu : Nusselt Number
Pr : Prandtl Number LNGAH o &3 7= 195013 7 8] LNGe]
Q : Influx Heat (kcal/hr) 3 5ol gk =l 7t Al 2bE] o], 19581 o =<
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Table 1 Properties and Composition of LNG

Item . Alaska  Brunei = Malaysia
Methane 99.8 90.9 91.8
. Ethane 0.1 44 4.0
Composition , X
i) Propane 0.0 3.1 2.7
Others 0.1 16 4 i.5
Specific gravity of gastair=1.0} 0.55 0.61 0.61
Boiling point 1T 162 160 160
Density of liquidikg:m 425 465 451
Heat generated keal’kg ‘ 13,300 » 13,000 . 13,100
perunit mass ke lNm 9530 10,670 10520
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Fig. 4 Calculation Model for Hull
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Table 2 Calculated Result of BOR and Heat Duty

[ North hemisphere South hemisphere Skirt Total
Enviromenta Inflow BOR nflow BOR nflow BOR nflow BOR
condition heat heat heat heat i
(e thw) 1% /day) tkw) (%/day) tkw) (% /day) tkw) | (%/day)
. . i
Atmospheric :
temp. 18 52.62 0.0626 36.09 0.0430 11.12 0.0132 99.82 | 0.1188
Seawater
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Seawater
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Fig. 10 Variation of BOR to Thickness of Fig. 11 Variation of BOR to LNG Leakage Flow
Insulation Rate
ol A = 0.0817 %/dayel ™, th 7] &5 45C, &l 4 +- BORZre] s gh it vhebl A osl ghdie] ' 4] o]
1= 32 ol A= 0.0906 % /day i, 9] /o] ¢z} 2w e <ol vhepar

kol whef < zpof vlykul,

Fig.10& el 71e] vt o] 20,000mm<! 75 ¢t
Gl j‘»'ﬂl of th g BORgel W ahir vfifsl f;i .
2 gMERe g e 45T, dl e 32T
wol o], HANIE B 18T, d4 N 0
S 2F Fre o BOR

Ao s ghiohs ey Holal ol A

Aol ©xistd 8 BORgS atviskol vhelaf
1 Fohal ghebEh

& Tank<] g7 o] 20,000mm, tf 7|

C, OH{QB—. 18Cell M 2l ohid A gkol] wh

NAsg S 4 e 5}
el i stod BORZE ¢ 191 A
Jrelan ghieel edol glE rrﬂﬂ
A gl e ko] Al TR 100 @,1 72
phE ek 0.0055%/day 3l e 4P AshA| ¥l HMH
Al b gbo] 48 4 foll s BORgko| th §t o) 9
@ e v shekan B 4 gl

Fig123= Wi E ghal Aol 9ol e AUl 3 &
o] zolst viAe] Aol A oF 11,800mm(<} 30
%) 73S, A vholl ab it el o] 7]t &
e ak i el Aol Sglol M A vl
I 45T, e 32T we vlgde] 2xws

R

Wslslan glvt

H] ! 5}@1

(234)



24 & LNGH o) d4dAd #¢ A7 9

U ; R
v oe b — - o
s 25 P _
et e
o 5 e |
© 45 P
2 / :
—B5 -
£ /5 .
= e
. T 45 ¢
8s % —
a ‘ // Te 32 °C
pid o jo S
1o 4 7 1 .
/ .
: T 18°C
‘L, - e
i T 18 °C
i
i Te 0
L S
I 1 N
3, e} 90 5 B 2 t

Time Step(hr)

Fig. 12 Gas Temperature Variation to Time Step

Z ey, M e girler 25¢C, e x 18
cd we] viae exdslE ety o, g4
e -18C, 4T 0Ty we] 7)4e] &
=¥t E Uehdg. gl B uie}h 2ol ’\l
7+e] 0~ 120hr (0~5day) 7} o] 4 = & 22Ul 9] 7]
o] ewyt #2733 A4, 120hro] o) A=
A 7H7 Tho] whE F) AR o) & & njojsiu)

6. 2 =

¥ @ pa e 92 heed MRV Typeo 2
dze LNGA el 244 A0 slold F88 2
Fol Al SRR ) d me g et

Wogl el g Anhe delshy ohest @

ﬁ},
(1) &al) 32 71439 Wald et A LEEF
&g oy ARz Agdoldze

1Y% N
(2) gt A =7 7) 220mmel F ¢ 7]t
18¢, dl+&x=7F 0td uw BORg<
1188%/dayel ™, 7} 3 wre Mo &5z ok -
27.8C =2 L[|o<]11 & aL o= o]

(3) ¢d A FA7} 220mm<el A9 thr] &%t
45¢C, sl o=t 32¢Y W BORE S 0.1619
%f/dayol ™, Guktel] Ak UH Fbe] x oF

32T= 9] 7] %7 o] el e 1A 03’6}
2 "ol A& & 5= 9}

4) &g A S 7} Zv}8kol utel BORZS %
FHo® ot

(5) gaxqHoezye & Z7[golE
11800mm(e} 30%), 7000mm, 5000mm & 3}
7145 el s Ale A3, Al 7]4te]
e e A zto]l 0~120hrt A & G343 45
s, 2 o) Foll M= A U A st

oA A e e ads AAds] A8
1 Membrane Type2] LNGAl ol = # §-0] 7} 3}
g} #orAETh 2l B F gk A4S )
sted M= g Aauiel 714 9 Aol Wt #F
8| M & g sladof e, A+ B} A &g
9}1} d2o] 971249 F5%4& 18t 4
talojof ghr}.

> EooX o

Ol‘

7.

ot

k!

1 #E4, !

MOSSH# 2] LNGAldte] Hal 2w 8 FA

, (AD = (1993, 3)

2) SEAIEH], LNGHBAIH & & e 257 4 0%, F
o, 661, $762%, O AL &, pp. 23~33
(1991)

3) Fliy, LNGHA, Bl FFh51991)

4) LNG{#E, s &7}~ /3, pp. 385 - 420(1885. 6)

5) A CBE -, EER, BOH AH, S0iS , EINDEL T,
AAEY HkFa L 2 FALNGO#E 2 » 7 O

< %d T4 Vol 21 No. 2, pp. 32~44

°+>

1732, &%, 19,

G,

o

T

>
Jo
i o

4o
Ok

,
2}

AAE g ol gk

‘}’ uLHf‘
(1984)

6) LRy, @EAkFEL, RETH, K2 s v 2 A
LNG® & » 7 (#4514, 7 £ & I'i# Vol. 21 No.
2, pp. 74 ~ 82(1984)

7) Wi tra, SPB U ALNGHHC 2 T, B EAG T &
Py %1987!&, pp. 1-8(1985.9)

8) WE I, MV ARISPBIOBE L AT, H AR
frab, 76883, pp. 41~ 48(1986. 10)

9) SRIGEANE, BE ARG, HIRTAE, IBUE S, A B,
HIZLNG 2 © 7 HIBE i sk 0518 ﬁi‘f’ﬁl 2T,
B A AT I e, A52029%, pp. 81 -92(1986. 9)

10) ¥ WY, SEEE A HEIEE, NefE, LNGH &~
7 NHE L SR E T U OREG R R, BT235E,
pp- 25~30(1989. 9)

11 P HIRLE, SEE AN, (G288, B [ Ait, pp. 173~
205(1988)

12) Holqf, 248, =49, ddg, 24 234 pp.

(235)



10 sl R BRI Ak LT Y L. 1993
329 - 442(1992) and Equipment of Ships Carrying Liquefied

13) International Maritime Organization, IGC Gases in Bulk), IMO, London, pp. 47~ 57(1993)
CODEtInternational Code for the Construction

(236)



