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A Study on the Thermal Analysis of Spray Cooling for the
Membrane Type LNGC During the Cool-Down Period

Lee Jung-hye, Kim Kyung-kun, Ro Sung-tack, Chung Han-shik and Kim Seong-gyu

Key Words: BOG(Z %), Cool-Down(3'dZ}), Hull Temperature Dlstrlbutlon(** AL B FE) LNG
(A3- A7 ), LNGC(H 3 A7k 274, Spray Cooling(F5-42h)

Abstract

The present paper is concerned to the thermal analysis during the cool-down period of
138,000 m’ class GTT MARK-III membrane type LNG carrier servicing with LNG from the
Middle East to Korea. It is the cool-down period that cools the insulation wall and the gas
in LNG tank to avoid the thermal shock as the start of loading of -162°C LNG. For six
hours of the standard cool-down period, the temperature of NG falls down from -40C to
-130°C and especially the mean temperature of the 1st barrier in the top side insulation wall
falls down from -38.38C to -122.42T in case of IMO design condition. By the 3-D
numerical calculation about the cargo tank and the cofferdam, the temperature variation in
hulls and insulations is precisely predicted in this paper. And the mean temperature variation
of gas is calculated as the function of the spraying rate by the heat balance model during the
cool-down period.
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Fig. 1 General arrangement of cargo tank
in LNGC

Table 1 Basic specification of LNGC

Items Dimensions
Length Over All 278.400 m
Length Between Perpendiculars | 266.000 m
Breadth Moulded 42.600 m
Depth Moulded 26.000 m
Depth to Trunk DK(MLD) 32.700 m
Scantling Draft 12,000 m
Design Draft 11.300 m
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Table 2 Thermal properties of wall and insulation materials

Material Thickness | Density | Specific heat Thermal conductivity
aten t (mm) |p (kg/m*)| ¢ (J/kgC) k (W/mT)
Primary barrier SUS304L 1.200 8,137 460.0 45.00
Top plywood Plywood 12.00 710.0 1,088 0.109
Primary insulation R-PUF 68.00 120.0 920.0 ~
Triplex Aluminum 5
(Secondary barrier) Foil 1.000 1780 1,004 21.90
Secondary insulation R-PUF 160.0 120.0 920.0 ~
Back plywood Plvwood 9.000 710.0 1.423 0.119
Mastic Epoxy+Air 12.50 495.0 1.046 0.168
Inner hull Mild Steel 18.00 7.833 464.4 54.00
Quter hull Mild Steel 18.00 [ 7.833 464.4 54.00
[dns mm) Mastic  Back plywood Primary barrier 5\3—{?}' ﬂ%ggﬂ %g]o r‘{:} 31]:61{1‘011 7], Corrlpaltment
Quter hul! Inner hull Secondary barrier  Top plywood 5 .. B
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Fig. 9 Temperature distribution around cargo tank

and cofferdam after cool-down

Table 3 Mean temperature in compartment after

cool-down

Temp. () Temp. (C)
@) 24.76 €) 21.69
g 24.42 € 22.09
@ 22.90 € 20.93
) 24.44 €3 23.31
) 21.88 €3 19.61




FWZ7| el A AEHAY LNGCS ¥

Temperature, T T
2

U=19855 W/im' U=0.0958 W/m' T

-150 ~50 50 150 250 350 450 550 650
Thickness, 1 mm

Fig. 10 Temperature variation at top side during

cool-down

he 470
| wm'c

Temperature, T C

Time

=0hr
-100
t=2hr
=4 hr
U~ 00890 Winic 6 br

-140

U=20180 Wim'C

-180

-150 -50 50 150 250 350 450 550 650
Thickness, x mm

Fig. 11 Temperature variation at hull side during
cool-down

NG9 &%
7} -40CA A FE stk 97 Qhewl ol A
T % -130C Axvt Hizd, e wpeh 2ol
FYzA BRo gstd F=z 13 dgA U9
SEANE YAHASE ¢ F AT

Fig. 112 MAZFHA, Fig. 12 4A
oA, 183 Fig. 132 Z¥ T kel A
o AAAAE TS JEWI vy &%

Fig. 1204 44 st27F LNGs dsl 9o}
#4 -162CE HASL Yomz Azte] nE
Sx=9grt glvh. ol agemRE 7+ R

Tl dajde) g AT 133
6
P
- 20
g h=1664
g e wim'dg
£
& 0
-100
Time
40 <0-6H

U=28518 Wim'C  U=00920 Wim'T

-180
-150 -50 50 150 250 350 450 550 650
Thickness, x mm

Fig. 12 Temperature variation at bottom side
during cool-down

i
h=197 h=517 Wim'C

Temperature, T T
B

-140

-180
-150 -50 50 150 250 350 450 550 650
Thickness, x mm

Fig. 13 Temperature variation at cofferdam side
during cool-down

Mol eERES AWuw, FWzo] VAW 64
B 14 wdA WY 8} FE agHs
W 2EHE 939 9+ A

B Apd s A5 FgAM AL AA F
oo MARK-II %4 #1289 LNGCE Ude
2, FLNANN FES HAY) M BEF
A& @slsty) dstd @eEFH oz HAstoor &

FYZH A tﬂf& H e e dAags s
428 A4k
(1) &5zt 7125t A4 e 7%
BIF2EE 2o 6A U 13 %
227} 40T M -130C 7 A F 7t
2ag EF& 4dFe] stwstded,
EQq2Z #AALE 533 A, 64

to i
),

o

ol

f

k)

i)

nN

rlo

o N ® e
e 2 o o

[«



134 olgdl - PA: - =

-40TC o A
el g

o] FYztH Ao 9t NG9 &=
HE gaNHoAE -130T o3& 2%
F A

(2) EFYztel o Wge 12 W, 12 &
a4 9 e =7 ARsHEdY 71449
WZo] £2RHE & BFAHY 75‘401] o} 2}
Hzshed vlele WwHe 2R ARHE
dFe F5TE FAstA

(3) 6A 7t Fee 8 HAF FEH Azt
o we} Eae] 7R gdgdHy LEATS
Asg Ad, 22 gdedle 2EE 15T o3}
a3 13 dgede £ o 80T7 28y
o], #F& 1a @d8yAy =7 FEE &
AT F AU

F 7|
B odTE QALY FYANFERAAY
@AME : 961-15-Del eja) AN, oo
A= Gy o,

B o3 giael 138000m*F ¢ GTT MARK
- 34 WBEg LNGCY 344 oA |
dol Estel, #d ﬂ%mqaﬂ FHE 2
soh. @4 B dT"Ee 14909 A4 &34

£ arane grqes wa RASE 2

KX
& 830t

il

F0

H
o

(1) Kim, K.G,, Ro, S.T., Chung, HS., Lee, J.H.
and Chun, B.I, et al, 1998, "Developmet of
Thermal Design Technology for GTT MARK-III
Membrane Type LNG Carrier," Report of Samsung
Heavy Industries Co., Ltd.

AR 4

oX

ﬂ.

(2) Kim, K.G., et al, 1999, "A Study on the
Unsteady State Thermal Analysis of the MARK-II
Type LNG Tank during Ballast Voyage," Spring
Proceedings of the Korean Society of Mechanical
Engineers, Pusan, pp. 171~176

(3) Lee, JH., et al, 1999, "A Study on the
Thermal Analysis of the MARK-II Membrane
Type LNG Carrier at Steady State during Laden
Voyage," Spring Proceedings of the Korean
Society of Marine Engineers, pp. M-99 ~M-104
(4) Chung, HS., Jeong, HM,, Kim, K.G. and Ro,
S.T., 1999, "The Turbulent Natural Convection in
Membrane Type LNG Carrier Cofferdam,"
Transaction of Korean Society of Mechanical
Engineers, Vol. 23, No. 2, pp. 281287

(5) Song, S.O., Lee, JH., Jun, H.P.,, Sung, BY,,
Kim, K.G. and Kim, S.G., 1999, "A Study on the
Three- Dimensional Steady State Temperature
Distributions and BOR Calculation Program for the
Membrane Type LNG Carrier," Journal of Korean
Society of Marine Engineers, Vol. 23, No. 2, pp.
140~ 148

(6) Kim, K.G., Chun, B.I, Lee, JH, SongS.O,
Kim K.S., et. al., 1997/1998, "Thermal Design and
Manufacturing Technology for LNG Carrier,"
ITEP, Gongkiban Report

(7) Suhas V. Patankar, 1988,
transfer and fluid flow," Dae-Han Book Co., pp.
46~85

"Numerical heat



