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Thermal analysis of two main CCS(cargo containment system) insultaion box by
using experimental thermal properties

z M3t E S a5 M o] & «*
Choi, Sung-Woong Roh, Jeong-U Kim, Moo-Sun Lee, Woo-Il
2 x
2 =fo| A= Membraned LNGA Y 14 845 oz ddio A3 XS dolu ] §8] I A2 Ae|oAiH
er ¥z 7} A 94 EAx¢ A EE (thermal conductivity) & 28-S Ea)A LolR gt FA- AHQ -163C 9
SEAHE fA oo & LNGA &I G2 stod 98 Awslr] 98 B dF7)F Holof st £
o] AR FAH 9 @ 3EF(CCS: Cargo containment system)S E7 X271 %o wa} 42 oj3t gk
S 7R Ao Fo BAUFol, o5 T AA LNG & o] oHl 44 EXE 7MA = Aol e A4y de
stth, A9 e B8 A EXAAES AL AA FEFY SEEYXE AY S T dolRUTh EI 9o FAd
93] LNG7F FH & 22 W 53] hull FEdlA e w53 gsiA ojus =29 44 kel dlsA go}
Bk},

@A go] : GTT NO 96, GTT Mark I, perlite, Z&}o]-%=(plywood), 743 Z 2] -2 & E(reinforced polyurethane foam),
NS HA7F(ING), 7%, €339 (guarded hot plate method)

Abstract

In this paper, experiment of thermal conductivity among thermal properties for CCS insulation material was carried out under the
condition ranged from room temperature to cryogenic temperature. CCS insulation system should be sustained under cryogenic
temperature(-163C), and lots of investigations will be conducted how to block the heat to insulation material. CCS components
which consist of various materials are especially the main interests, and how the temperature of the entire CCS along the location
is should be investigated through these studies. With the experimental thermal properties, the steady state thermal analysis of the
entire cargo system was conducted. When the LNG leaked through the insulation system with external impact, temperature
distribution and thermal safety of secondary barrier, especially plywood and hull structure, was observed.

Keywords : GTT NO 96, GTT Mark HI, perlite, plywood, reinforced polyurethane foam, LNG, the amount of
leaked LNG, guarded hot plate method
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EAA7E O B9 ofyet A7 & wpet 247 e
e 7L 7] wEel] ool A e A A7EA(LNG)
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2.3 FHE sold dAEE

2.3.1 4, 71419 €A==
71419] A o]Z(Eucken, 1913)dl] wl=2m, I
T % (thermal conductivity)ell &3 2] (4)& oz] 21z}

QAgkez e 4 gk,

k, =é(9y—5)pcvx_z/1 (4)

A7, v, P, ¢ v, A= 27} udH](specific heat
ratio), =49 W, BFAHE, Hd A& Sx(average
particle velocity), 9AF B+ A 3B Z(mean free path
of particle)& YERITH. dA} B 2 P2e &=l &
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(Eucken, 1913)°l| &l v 4] (6)3 #o] yvehdtt.
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A7, P, 6, v, A' 744 R, HAHYE, I=
(phonon)®] &%=, A2 Hd A P25 Yepdr, o] 4
of 29 714, HA9 GHAEE Ao} niRrR R, A&
A9 (liquid-nitrogen temperature) 22 2%7F W7l
met QAEE G SolA|A "}, o] 257} sold w
2A Fshe =] 79 STt Zo|EA Hel webA 4

A= e Sox|Al fo

Fourier " 2lol| A-&5= & &4 %k(transport property)
2 ke oste] MEH AU &S Yehlet, 529
Feiet BAE dAter EApt dd T

& Al M AHEE oA 7] B4 BES ditder &

Z (thermophysical) £4%kelekal stat, < (transport)
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(
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Aud Xz A7H9det 1 Wl “jr% A=

2 e Fig. 194 & —’F %ol o] How :rLf‘l T
e}, vk BEAE 5 (°”§]r{§7h/:)ﬁ°ﬂ A ol
F Az 2oy B —3— Al GTT NO 969 Helole
(perlite) ¢ GTT Mark 39| Z3} &e]-5alg & (reinforced
polyurethane foam) 2 W& 4 St} o] EdEL thebs]
o7 AR WL oA FA /A Hefo|EQ A
+ 0.2~0.5W/mKe} 73t Z2)fde FdMe 0.2~04
W/mKe] ¥915 77 9t} LNGAe & vhs ife] o
A2 A3l Aol SAL JEl -163°CY A=
2l & AAXAE JSAA7EA(LNG) 9 A& T

32

2 -163°C2 At HE v F8-2 0°C 2 Aol =
2, o] T & Alel9] Lo hE X7} AAElofof gt
5 GAEEr) 2% i W] Wil 7 e4nit 2=
o W& EA2]7} Solrtof gtk &, T ukad] ﬁxloﬂ E}E}
A 0°C el -163°C W9le] REREE 7IAA Ha

o 2e GAREE Y] sl e 2= e e 1

2|7} Fal Aok F 1
A g0 FPsojof At} @F BAE A=

&, Hglo]E(perlite), Zeto]|$E(plywood), 3} iﬂ—r
& Z (veinforced polyurethane foam)ol thajA] oA
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(£A; netzsch technology / www.netzsch.com)

FAL FH7HA] 2xd 2 dAREE 5] AdA Al
359 dAEEe] o] 9= guarded hot plate(ASTM
C 177) Ho H'ET d@ié}%}“/}

3.2.1. ¢4 ﬁé*& (guarded hot plate method)

2 GHP 456 Titan(netzsch, 5%)& €

& 7rERe R FAE e, A4
m 359 FHeRE © rtd] o3 Eunt

o St} 7zt 7id el = A7) Aol Fe] 3 Aboldl £of
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7}
UE TFERE Hol Ju, 29 73t 24 A 8 H
o] e AU (thermocouple) 7} H# o] Fakw] o] 9]

r
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% AL 4% ¥, oA 4% proz @
Fgol HEd, FYol AR F do] AR} BT
o Solbun AApdelel mespl Het. 34 4B
% b o Ak, 3 HaBeld e
£ 9o 29BN & W o5l k. /19

=3
T3, QREEE vt 22 4 (T) 22 At "

0d
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A7, Q, d, A, T,— T, 4% 4@ F&(the rate of heat
flow), A1 B 57 (the mean thickness of the speci-

mens), B A WA (the cross-sectional area of the
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3.3.1. Heto] E(perlite)

ol Ex FEZ 4 (natural siliceous rock)2] 47
olth. defo|Es} g sHF S thE 542 oF 1000°Ce
A w4 G4 WS TlelA] ThAl WARIZl Aelth 1000°C
M FE G4 BFLS 7RIA Ao WA =W F
3}01‘594 T2 & 23l FEo| LAY 952 Wi

olgl W& Tl el Fojo] 7T~168 = ABHS s
9‘3} olFA WAE FolEx 11 Fx & B2 VX 72
7FAZIA Hed], o] P2 QA ML £ 9E 545
7HA ddt. o213 expanded BelolES] GAEES] e &
T whebA 0.01914 0.079] M99 g2 7A€o Ed
TE=E S5 el AHE dEolEs
615 Hefo| ES AHEsISith A 2o R S8 359 9
S WAk flEiA 40Hz9 AR
Eld A€ (tapping test)E B3l S/ W3k&(thickness
variation)°] 5mmelsle] ZAS sl HoEAES
AR, Ee 50kg/m’ FA AR AZaigtt. 4
H~E (shocking test) 2} 4% H|Z~E(transportation test)
= Alelatsitt. A3 Aol 42 300x300mmE sFtom
WAl e ddEs W] HsiA o EAE RS 3mm

3.3.2. Z&to] = (plywood)
Ao 22 Zgo|fuE o] A EA7F AAR e

Fig. b &l AEE Z2t0|fRE=(plywood), EE|RE &

A|.\L4

A, FRH0R EESl F4& Frote A9
< 3t} Zelo] = e 300x 300mmel AlHe = Azt
6%2‘;2111, e AlEFelA AR 2Y 4 UEE GTT

550kg/m’e] < 717 Aleisict

3.3.3. Z8%¥ % E(polyurethane foam)

Ao 291 Ze]f#e E(reinforced polyurethane
foam)> 742 Zg]%d e (polyurethane) &2 F2 T4
2 2ol& AFeltt. Z7] 300%x300mm, 4 20mm A1H
o= AFsigion 9Es AlEgold FHA 2d F %
2 QTTANAM ARG 125kg/m’e] & 7HAA A=t

3.4 49 A%
Fig. 6 04 HejolEs} Fefol 2=, Fel 920 ol vl

o £xo] ME QUEE 4Y AoHE el Aoleh. 4P
He SIS -160°CoIN 20°07] 2o tjste] 4BS

sklem -160°C, -130°C, -70°C, -30°C, 10°Cel tisiA
7 o5 MR GUEES 74 Holt)

o Az Hejolee] dAzze] WE 0.01604 0.04
W/ng‘r EFATaﬂE} F20.02004 0.04W/mKe] 2k, 2]
6olA 0.12W/mKe] H919] < 7
Xﬁﬂﬁi Al 7}21 ZH AR, 2= 7 QA EEE W
e AIE de F AT ol Hol|E, v &

of W7 B 71ER FAEC] AL, 71X Helle A 37
2 2t 7] wEel e FAiT 3719 d3s Bl A €
t}. The kinetic theory9] o] 2] wg} J&F &53t= 71Al=
thermal conductivity with temperature
0.14
012 | °
% °
% 0.10 | .
= oo}
g [ ]
g 0.06 |- .
o
®
E oo4f
2 A
= A
0.02 | ] : L ' "
A
0.00 i i i | | i i i
4180  -160 -140 -120 -100 -80  -60  -40  -20 0 20
temperature (°C)
A perlite
® plywood
B Polyurethane foam
Fig. 6 20| wZ "Halo|E(perlite), Z2I0[RE=(plywood),

43l Z2|28EH E(reinforced polyurethane foam)2
HAME T (thermal conductivity)
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it QA S JFE W Ha, uebA Fig. 63 22 4%
de BolF "rt, 7 3719 Lol mE dHEE A3t
Hlwel & v W59k A Holrt 3 Setolr=e W
o] F=e] FA] S e 2= He7bA 2=
o] FAY £ Aot 1 919 Tz} 22 ARE HolF
s Aolrt

o wE dejo|Eo] dAxREE -160°ColA 10°C7H 2

=
)
o“

7] 214.29% ‘&3 Yl Z2Eede E2 30%, &

gl $-Ew 92.97% 35 w2 B3tk et BT 719

Zeto]| =5 9] phonons Hlwsl] HH 37|19 Lo up2

Bt YA £x9] FeZo] E=(phonon) 9] =0 e %]

A AsZET Y 2 A & F Aa, o] A7 dejo|E9] &
Sl

sZo| ¥ 7\AE 2¥E Ho = Aol

(¢

[¢]

B

& ZIHIQIHE (containment) A|AHIQ] HFE A

4.1 ¥ E7°] A3 A7IA(LNGA AdJIHE (con-
tainment) A%

Membrane 98A7FA(LNG)AE 2A1 5 714 &H],
= GTT Mark I GTT NO 96 Bl vYEs 4 o
Fig. 7oA Bz upe} Zo] WA gda F24Q1 Aol
A F 7K BRle® vtk Mark e WEAE 23}
Z2]%elet Z(reinforced polyurethane foam)S A3}
= A Hlgl NO 96= WA deo|ES ARSI €Tt

4.2 7 e A2gelAe) 37 LA

NO 96AI 28], ASPHAZIA(LNG) 9 HEshe 2
Feto] = (plywood) € Qlvk(invar) 2oz =] Qi
Fetol ¢-E(plywood) el F7l= 10mmelx, <Iub(E#)
HE(sheet)?] F7+= 0.7mmelth. UvHInvar sheet)E
doio] Aoz Ay, FeEd] o Jge A9 it
hro] B3 Alo]lZ2E 500x510mmelt). w2 A& A
H HgolER 715 A vk da gdutae] FAE 230
mm¢! W], olat ddukse] FAE 300mmelER F
FAE 530mm7t ¥z HelolE Aol Afrer &

glo] $-=(plywood) 7} ZH2+ Eoj7it),

Mark T Az 49] 4] B8 Ba9] T2t 43t el
EDERE

SEE Fo] F AF ez FAAEH NO 96
A}, oA} W o 2 o]FojA] it} AR} W= FEo|
3l ~Helg]~ ~E(stainless steel)¥ 12.5mm upper

go] =g HHAVFIA(LNG) & A& Zo] FAEHL

e
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Table. 1 Al22lojdg /&t 25 44|

. Them.la.l density specific heat
Material conductivity (kg/m3) (J/kg °C)
(W /mK) & &
et 13.800 8130 480
(Invar sheet) ’
= o =
& ool $= A8 630 1210
(plywood)
Hzlo] E(perlite) AE A 46~96 387
Zsh el e
o
= (reinforced 293 195 1382
polyurethane
foam)

Fig.7 NO96, Mark Il &
=]

o

Holol 100mme] 73} Z]--aeh Fo| FgHTt. dab e
7} o]z} W Ato] & Fola= JEE 0.6mm triplex’t aHAl
Hc}. ozt W ol& 170mm 7238 Fe]-ae %3 12.5mm
bottom Feto]- =7} A (hull) ol 2 =5 HdH),

4.2.1. 314 =31 4 A4 EAA

daf e Aske AejolA SAL Al -163°ColA]
Perh, 2= AEAL ASHATIA(LNG) 9 R &8t
HEE -163°CR AAstn XA dAdse o
0°CZ A3}, Fourier HAE w2 A% d4d
21 (8)= Aul WA oR B, A= T2 EAE Alo]dA
Akdt, AP AZEA(LNG) & vk(invar) BF Ate] A
st oiF dd9e 7o WzhgAel ofs) Rd"=HUn
Tk AA7F 3719 g FES 2] (8)dM 9} o] AL
ofgiio] = A A oM h S de o
= WFEUE Fost
ol webA] Wskr] o] 7k aamith 2o mE =437t
Sol7H dtt. aiA e g AZEF0)Ql Ansys workbench
128 &3l o] Foxith

oT a( E)T) d(,0T a( 8Tj
PRl L L Al L
Por ox\ ox) ayl dy) oz\ oz (8)

N, =027Ra,"* (10° < Ra, <10") ©)

M
e rlo s
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4.3.1. NO 96 Al=Hle] H& ga)

HEEAR 2ol Hpo|Ex w9} oF FA el
ouldt st AuA| Fota, ol =89 Eeelv=
gto] o] FA AH=SE st ATt EAQl I
AL & AF) Wzl EgtelF=2] FAl Alo] 9l
10~15mmiele] Aol thgt Eefo]¢-ERE o] == o]
Atk Fig. 8ellAe, HeolEs} Edfo|fE F4S webA
Uehd A4 d A 2= agzolry. FA d¥e 2AdE
B dgdulae] Yehude £k £33 1, 24 A =

=
1% & 2Pk Yolvke AL ¢ & stk aeln Feol
_<’L1:

4

=2
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:Iolé
_>l~_1
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X
S
[
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)
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N
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)
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N
=)
o
=
e

e % 5 Uk AT 1 Aot B S ¢ 5 ek
: Q) HefolEQl A%, Lo} voldsE AE
©7b Aopde Adelw, BeolEe] GREET 0,02~
0.06W/mKY& 2k @ NO96elA $4a Basg<

Mk & 4 9k,

4.3.1. Mark I A]2®le] A2 Fa|X

Fig. 994 & &= glRo], Wgdulno] 9X|o] e ¥4 2
XA NO96e| A} frAFHA Mark I A 28l el[A]
exol B¥rh 1, 22 S vy 2uF 2% st
o= A& & F Utk oA WE S V|Fo® 1w =
sl Zel e & $41E weh el &5 ezl

=

——

temperature distribution for NO 96 system

temperature [°C]

0 100 200 300 400 500 600

—=— plywood
—e— perlite

Fig. 8 NO 96 AlA®e] X Aol J2{n Jaj=

thickness [mm]

steaty state thermal for Mark 3

temperature [°C]

2

-160

0 50 100 150 200 250 300

location [mm]

|
1l

Fig. 9 Mark Il A|AEIS] MA AsiA J20f J2f=

L]

oW g Z= 2Tk 2(glass wool) =37 FES upabq v

Ehl % T Zolty, TP ZoA B 4 %o FEa &

(glass wool) w3 243} Zel et & FiE9 &% Afole

74 4 axol A9 I, NO96 Alxrle] Helo|Eg}

n IR 2 kel g E GA 250) Yold s I

=57) Zor| & Adolar, =T} 0.02~0.06 W/mKY
O~

.
S 7ok ), Mark I A 28-S 958 W54 < 720
al

r

o

X

¢

o

5. ASHHLITIA(LNG) F4Al MA(hull) 20

A7 =98 F 7 Bl A A7~ (LNG) A&
Mark ITEFY3 NO 96 BHY, 7 7H4] BHY4o& vs 5 3
ot ZEolfE Hag o] FolZ]l NO96 sAlzFlo A= Ata
2 Qlete] QFHAZEA(LNG) 9] el tiefrm= A 52
of gk Fo kAol WA 3t Feledw Fos
o]Fo1x Mark I Al2=8l9] A% F Atold] EAleh= 2

2 E(glass wool)F-Eo2 HSHAZIA(LNG)2 F47}
oA EHA] AA| o] tigk e EA7F doju

)

o
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drt = ), 9Re] A0 7 tgulaol Adto] wAEY S
o ASFHAZIA(LNG)7F AAFE7A] F47F 2 F e
7Vee, v Bele 2 A3l e NO 96 Bkt
Fog FAHMEA Ftd Sk go] EAshke Mark IME
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