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Abstract

For the LNG carrier, the calculation of temperature distribution of cargo tank is necessary
to select the steel grade and to estimate the boil~off rate(BOR). Since the previous studies
with 2-D and 3-D method ignored the effect of several primary members, the effect was
included by applying the better equations for the convection coefficient that is the most
important item in this kind of study. After evaluating the program considering the primary
members, the results are reflected to the design of the concerned LNG camier.
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Table 1 Properties of air at atmospheric
pressure

Tair| Tair=t| kx10° | 8 x10%| v x10°
(K)| ¢ °C) [(W/mK)| (K'Y |(m¥s)

100 |-173.15] 9.34 10.0 2.0 10.786
150 |-123.15] 13.8 6.7 4.4 | 0.758
200| -73.15| 18.1 5.0 7.6 10.737
250 | -23.15 | 22.3 4.0 11.4 | 0.720
300 | 26.85 26.3 3.3 15.9 | 0.707
350 | 76.85 30.0 2.9 21.0 | 0.700
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Table 2 Properties of water at
atmospheric pressure

Tw |Tw=t k y X 10°

K |0 | (W/m K| (m¥s) | TF

273.15| 0.0 0.552 1.788 |13.6

293.15/20.0§ 0.597 1.006 | 7.02

313.15140.0 0.628 0.658 [4.34

2.3 8 QXY H=
(overall heat transfer coefficient)
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A A 5 U

o 71A
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Secondary Membrane

- Primary Membrane

Outer Hull Inner Hull

Primary [nsulation

Secondary Insulation

Fig.1 Heat transfer through the
insulation and double hull
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Fig. 2 Temperature calculation for an
enclosed compartment no. i
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I Input Basic Data ]
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[ Boundary Condition ]
—————— - O
I Calculation for compartment air temp I
2
lCalculation for convection coefficient h I
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I Calculation for hull temperature I

I Calculation for BOR I

Fig. 3 Flow chart for hull temperature
and BOR calculation
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- Convection type (Free, Forced)
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- Adjacent fluid type (Air, Water, LNG)
- Number of Longitudinals
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BOR = ——=; — o Vi %100 %/ day (19)
7] A

Q;  tank W S0 F GHIHF W
y ¢ LNGY F¢24 142 Whvkg

o INGY UE 425 kg/m’

Vixg © LNG®] %9 m’

4. AL B3t R D@

4.1 M 2 212

29 steel gradeE A3 e HE
3 uhe} o] A MAY £x FIEE A
& "arl givh wE B dFelMe H Pl

A 71Ed e dste T8 FAES FUIR
29 ggn 2o wE A9y skl 2%
EEE AlAsiRch

4.1.1. Case 1([HJ1: -18 T, ahx: 0 .

Cofferdem : No Heating)

B AFolde 7l F3g Jd79 wel 48 5
Nes 9dge Ate]l nEEEd Double
bottomell M= 2 ggke] a8 AA oy Trunk
deckdlAE AHe &5 As aag dozid
I o] Al&wo] offol] YA|EFAL 1Fo] &
of 91Xt AAulFIE dolvbr] EE Fol A
H AdoA F2 FAEe] Fgol tE FiEe
Adadun dHez A gEeltk  Hxl
Art dzA g7l 2% -18 C a7 =+ 0 T
o] A%, FoFAe dTS FAG F5 o -

Fou, FAe FgE nHIHY -2 T
25 C AR & 458 4ozt =Y «
i} Cofferdam 2 Web frameol| thgh #pAlE &
T B¥5E Fg 6 - 8 off Z+zk FAIHo itk
o}zl Table 3] 2 A4 F£2 Kxjeo] g
He AA LEFF9] é#o]ﬂi, Fig. 9ol F§h=
o2 ggs) 7k

Ko

#1q.  Temperstirs Dimtributing of Caren tamk 174

Fig. b Temperature distribution of
cargo tank 1/4 (case 1)

LT,

fE T st L] -

Fig. 7 Temperature distribution of
cofferdam bhd (case 1}

e

Fig. & Temperature distribution of
web frame (case 1)
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Table 3 Temperature Distribution ( °C)

Case 2v
A =5

BORE A4S 918 AAlz
2A4L oA, =

A€ HsiM Fauxtae daet
4 o AsA
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T g

4
H w3l Table

Table 4 Temperature distribution( °C)

Hog

(Air : -18 °C, Sea Water : 0 °C)
3-D 2-D GT 2AA
1] 2] [3]
No\ Te [ Tu | Ta | Tc | Tu | T¢c | Tu
1 =75
7 77
|3 |-52|-103) 62 |-19|-39| -39 77
i ~7.7
5 ~7.8
61-41|-96|-63(-09|-30-30|-79
7 -10.8{-15.1
?—16.8 -21.3|-14.8|-13.4|-15.3 1328
9 [-22.1|-25.7|-235(|-19.9|-22.4]-22.1{-26.0
10 -21.1{-252
11 277
72—22.2 -26.2|1-22.91-20.6/-23.1 06267
1_3 -26.1
Cof|-44.9 -42.6|-44.7|-47.4{-49.5
* Tc  Compartmment Air Temperature

Ty © Hull Temperature
Cof : Cofferdam

Cofferdam Q

4741 tan Tarp)
495 iHull Tamp )

DA 6B es gl
JUI»).W I 389 I"” I

1/

DLl .

Fig. 9 Temperature distribution for
an 138K LNG carrier

4.1.2 Case 2([iJ1:45 °C,

Cofferdam : 5 °C)

oh+:32 °C,
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(Air : 45 °C. Sea Water : 32 °C)
EAA AL
\ | 3D | GT |(Cofferdam :| (Cofferdam :
(1] [3] No Heating| Heating
Condition) | Condition)

No Tce{Tu Tl Tu| Tc | Tn Tc | Tu
1 231 232
2 229 23.0
3030|200 30| 28 | 276 | 229 | 277 | 230
4| 22.9 23.0
5 22.8 229
6|31 23]31]29]289] 236 | 290 | 239
7 315 261 | 315 | 262
e | B s s | 316
9 4213042] 38387 329 | 387 | 341
0] | 401 340 | 401 | 343
I 2%.5 2.7
2| A B s Tore |97 | 281
13 285 286
Cofl-10] | -8[-11]-132] -161] 50| 099
* Te © Compartment Air Temperature

Ty © Hull Temperature

919l Table 404 %E HEo] £ A9 AR

A dBEEY compartment SEEEE GTAA 9
ArkAsbe} Fol7t vlgzdhy hulld] =X} 2}
ol7b Wt} E3] Trunk deck—"% hulle] 2571 2}
o}7t o) 1+£~1;-n 1 o] L}__J,} %C} =3 B
A9 A9+ comprtment LH"'37-7] 259 hul
o] &% apol7t < 5~6 CHE HAT GTY 7

S digF 3~4 C Wl o7t WA =,
Trunk deck® compartment 2%oA ¥ 79}
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GTe) 23 zol7} 2k 4 C7l 22 A Inner
hull®] 2571 ¢k 10 °C HE74A] zjo)7} det

a2y [1]9) %% Trunk deck compartment
371 =% 41 C2 GTY Z=e skt hull
o] SEEEZ Al A7}k Wk 1 HAe B
& Insulation®] 7 zlol= QAT A7 &
2 FaRAe gEgs melsA ¥gez s
Double Bottomwie} thFdEded Alg7t A ALt
Hol H7] "oty HuE Fig. 10 3= A
gke] 2% B¥E Yehgich

[N Teture DletriMutios of Carga Taak 1/4

Fig. 10 Temperature distribution of
cargo tank 1/4 (case 2)

4.2 Boil-Off Rate
Cargo tankWl9] ING9 25(-163 0%
compartment &} 2% Alolo] 93| tankW 2 £
L= g#g st SushE LNG gas@E A
(190 e} ALt A= Table 591 A=
Ak
Table 5 Result of BOR calculation

553, Be

fo
fol

£ Aol A 138K Akl digt BORY At 4
e Table 59 o] 0129 %day2A 78X
015 %/day Bt A 2o 138K Algke] H
% Cargo tank-8%& 130K Matwct o 12% &
7behut tankWHE Sojoe I F7he oF 2%
Z7boll Exsict 3 cargo tanke] &30l 7A|
W YubA 0 2 cargo tank &%l BdjA BOR°]
FolEvn geid x311], 138K A9 A%
Insulation®} 130K A2t} 10mmt] FA$EZ (3]
o] Anpth= A BERolee 58 &
ek aejnz B At Abdnt 4dd g
FEE 7R e & 4 ok

4.3 Steel Grade &MH

IMOAAM AAZE IGC Codell2]t HAl9) 2%
of ule} steel grade® THASH A S HAS
3 ded, 1 A= oldje] Table 654 2o
A -30 ‘C7AY steel gradeE A Th

Table © IGC code for steel grade in
accordance with temperature

18
33.‘;; Tank ga;k 972%| BOR
A () No. (n?) (W) (%/day)
3-D* | 130K | 23W | 37,080 | 93748 | 0.102
29 | 37060 | 128066 | 0.140

GT¥ | 130K
3 | 38740 | 128066 | 0.134
BAA 138K | 239 | 40449 | 130870 | 0129

: Min design Max. thickness {mm) for steel
lemperature grades
of hulll “C) Al!B|D| E |AH|DH|EH
0 and &
. and above Normal practice
-5 and above
down to -5 15 (50| 2H|4 |50
down to 10 X 221502140 |50
down w - X D150 % 13015
down to =30 | x| x| X 4()[ < 120140

218y Cofferdam®] W% %% Table 394
Bxo] 40 C o3/t =Y o] LEdME F&
3 ARE fAYE F e steedo] glonz HE
of JFEAA7F Hasta ole] digh P 34

2 el Al A AAE Lo mhe

Hull Plate®] steel gradeE 7|£22, A £33

Journal of SNAK, Vol 34, No. 4, November 1997



HEHeld INGHY SEE 22 i

a4 Ao wE steel gradest HAFQ 138K
INGAe| =9 vusigct A4 dg3 vt
9} Zro] IMOY Mg SolME izl 5 °C, 35 0
C 274 A83E He HoZ2 Ho glon,
2 AP E ¢Hd BHeE A 558 sk
L ARFA FAHJ USCGY 7] -18 °C, 85 0
C, 27& e B Aol An 5%
2= ¥} o we} Cofferdam BHD$} Trans
Weboll di3l] FH=H+E Ao 82 Fig. 11 &
129 242zt gAls]o] it

AAE] £ A S5 AiHoE 2 A
Aboll 23t A# KMo} 2% algellA BAEe] 3l
e A0E A9d 5 oy ¥ RS E A7
o} AL ke F-2o] Ul olefie] Table
7ol VeRARAT.

Table 7 Designed steel grade and the
results of calculation

GT B ALk

=R 9% Al A4
EUEA POE 2 A4 (Fig. 11,12

EE:! 2z

B Fis

& Nol STR. D! D 7% -2367 °C2

Typ. |~ No2 STR. E &
Coffer-
dam (23 Ba)
BHD. S g
@ Bige 2% | B -5.89 ‘C&
B Bs#&
& Bilge % | D D
ot
T |2 StR| D| D 7be|-2308 C 2
BHD. Eﬁ;— :7;
@ No2 STR. ~ PP
“ro3sR|E| D 1333 €=
B B
B
Typ. | g Nol STR. . | -21.04 °C&
Trans. | ~ No2 STR. DD 75| "glza
(%3 €8)
¢ Nol STR. Ha
= No2 STR.| E D -2479 ‘C2
Midship ¢] Inner Hull Es3
Section | ¢ No.2 STR. 87
~ No3 STR.| E D -1514 *C&
2l Inner Hull D=7
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Fig. 11

Temperature and steel
grade for cofferdam bhd

Compartment Air Temperatu
& Stecl Grade of Web Frame

’ TYP. TRANS. WEB

Sen Water Temp. : 0T

JBSI )“I )Wl)ﬂl l/
L—\—

Fig. 12 Temperature and steel
grade for transverse web

og714 <188 GT B1A3]e]l 258 At
2 7)E9 130K & Autel disiy Ak 33t
Fir B dAFe= 28] Double hull e
compartmentE< A Wrol Axbetdoh wel
N GTRIAMT  2& 2% Fujrt wie- A &
A hulle] 258 A3 & 7 gleme 104
#E 7|FEoR oM steel gradeE ZHAHe]
platerlt} 83| AAY + gk

Table 79 GTHZMe]l 2% 9j74& HdjHo]
Al FEA vlae] Ao AT AoRA
iz} -18 C, &l 0 ColAd WH- ol5ZdY Alo
ol F7] &&rY} A gHe &x7F 2~3 CH
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