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12 A RALRA 12744 Ad5-7F A H A a, EE5-d'H(PU) sjde] 2moE4Q &
ek, HA5E249 dHING £ 7Fs) 3 7k S 3704 a4 visto] Hlulsh
ATt

o PU foam 399 ¥4 IHELE EF & F4Q ddEr

o WE A2 HFshs ING (9 F-2) £e 7hs (A F32)

o F7ke] A

- EE gdahe] MEA 18 steel + EE 4T foam + FAYE

- Steel, ZE%UE foam B FAYEE 4 QLR JHSAE Fol 73 HE &
F R AEE /R G =AY Y

- GEAREA E e foam ¥ ZAYEE 17 (stainless steel HAl)

RE fAARE PrA2gYe] ZAE ~2EHS AolA, steel MBHQ HH &%
A S T bRk AAE ATHAA Y 2= FAHAIeL Bl E

F 1S BE Az g dATS d 24 B 13 ¥ 2 ZEsdd d@de 4
AEES 25 EAS HojeEr, & 204 Z25de Ade Fgd 0025 WmTe
oyl A o] A

Table 1. Typical thermal properties of containment system, concrete and rock

Stainless steel PU foam concrete Rock

ANSI-304, @-196C @-160C @-173C o¢

Thermal conductivity,
Kk (W/mC) 8.42 0.0184 2.627 2.627
Specific heat

5 242 1,674 1 1

(/kgC) 67 710 710
Density (kg/m’) 7,900 65 2,550 2,660

Table 2. Temperature dependencies of PU panel thermal conductivity (Reinforced

PU foam)
. Thermal . Thermal
Temperature (C) conductivity (W/mC) Temperature (C) conductivity (W/m'C)
-160 0.0184 -39 0.0247
-120 0.0236 -19 0.0249
-80 0.0256 20 0.0260
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E gifig 2304 FaEA
7k~ ¢} stainless steel Abole] o] F €Al (convective heat transfer coefficient) hi=
gk 2R E JHAA BASA S W 0114W/mC oo, EAYE &%t nHHAS o
3W/m'C= ALTE AT ASHSIA E3-E6 ASA %S 7 AL Axket Aok wugk A

I A}eE X RAF PGS Pilot 9 %i?ﬂ%fsﬁ“dl AA-gk Aoz YEhyt),

e o2

FLOW3D Z=olid, ¢ds] ZA3d o 8 vad Asts & dFo] W sh(phase
change)E& X33t oy =] v 2)( 2 utA el Navier-Stokes WA 2SS 7FA 11 84
2 v 2y ol e
coefficientell <A gt ] AEwet e bzl FEAS 3t7] 9lskd, pilot FH
o] Ice Ring P44l A&¥ drag &ofok o] AER(Es FA)Ee BA7E 74
L, ol 5e] WAL =2 Att.

Navier-Stokes WA NA, b, = Cmpu &= TA & WF(x F)o] 1#=E uf general

drag o]t} drag coefficient= T3 #Zo] F=89 5= AHod F Qth

freol Adsks de yEWth
Bronisz9} Hirt(1996)7} FLOW3D, 8 d%% KI/T) 2 %545 k(LHE ol &t &
Smjde Ex3) FEol B3 ATE F5ke] vs BAE A ST
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Fig 2. Formation of Ice Ring and groundwater temperature for porosity of 2%

279.0

2%6.0

2730

10 June 20 June 30 June 10 July 20 July 30 July 10 August

Fig 3. Formation of Ice Ring and groundwater temperature for porosity of 3%
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Fig 4. Formation of Ice Ring and groundwater temperature for porosity of 4%

*353-



Clnees X=B0, Y=40, Z=30

Unit: m

=0, Y=-20, Z=30

(b)
Fig 5. (a) Bird's eye of view of LNG pilot cavern (b) Initial and boundary condition

for 3—D simulation
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Fig 7. Each section for representing the result of 3—D simulation
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Fig 8. Initial temperature profile before starting coupled heat transfer—flow analysis
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(a)
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204 .1

(b)

10 June 20 June 30 June 10 July 20 July 30 July 10 August

Fig 9. Process of ice ring formation and corresponding groundwater temperature for

rock porosity of 1%

10 June 20 June 30 June 10 July 20 July 30 July 10 August

Fig 10. Process of ice ring formation and corresponding groundwater temperature

for rock porosity of 3%
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