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Abstract - An LNG bunkering system stores LNG in a horizontal IMO’s C-Type tank insulated with perlite
powder, and 10” Torr vacuum in the annular space between the double walls. Current storage tanks have high
heat leakage, evaporating over 2.0% daily. A more efficiently insulated storage tank reducing the evaporation
rate is required to develope. This research carried out thermal analysis on a new effective insulation method,
i.e. double shield insulation system, that separates high super vacuum in the annular space between two tanks
with a perlite vacuum in the back side of outer tank. This highly efficient insulation system obtained an
evaporation rate of 0.16% per day under a 10™* Torr vacuum. Even if the space loses its vacuum, the new
insulation system showed a lower evaporation rate of 5.23% than the present perlite system of 4.9%.
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(b) Vacuum perlite powder

(a) Inner tank and supporters,
insulation between annular space.

Fig. 1. Modelling of current C-type LNG storage
tank.
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Table 1. Specification of current marine LNG

tank
Inner wall Insulation Outer wall
Thickness| 10 mm 240~280 mm 9 mm
Material | SUS 304 | Perlite powder | o5,
+vacuum
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(a) Temperature distribution, (b) Heat intake rate with k=0.0019
W/mK, (c) Heat intake with evaporation rate of 2.0 %

Fig. 2. Temperature distribution and heat intake
rate through walls of current marine
LNG storage tank.

Table 2. Thermal conductivity of evacuated per-
lite powder with vacuum level

Torr k (W/mK) Torr k (W/mK)
0.01 0.0019 0.5 0.06
0.05 0.0021 1 0.14
0.1 0.0035 760 44

Unit: *C
Time: 1

40,244 Max,
17.733
-4.7793
-27.201
-49.803
72315
-84 827
11734
-139.85
-162.26 Min

Fig. 3. Temperature distribution and heat intake
rate through the support parts of current
LNG marine tank.

23 Y C¥ XFYA AxE IR 54
Fig. 3 LNG A= 0] ¥ 87] o] 7}
AFE AR AR AT Ao, e &
7) Aole] AfgFE Wi BA HEHE A4
DARE Falo] ADET DR 4 WAL

k=t 7}~ 813 %] A|22A A4% 2018 8¢Y



4 - A - w
0.005664 m2oZ 37N g4o] JHEEoo] F WAL Ternperature B: Steady-State Thermal (AR
- = Tybe T ti Directional Heat Flux

0.067968 mzo] %E‘r 6H517é51]' ;gé—l?‘?_] ‘é]'7Hl?‘° U};ﬁ: ﬂcempera e Type: Directional Heat Flux (2

AEEo T 20 Z ooolgko e Unit: Wifrn?
;d = o= %;& 900 W/m =2 3 =TT H o iz /\ Global £oerdinate Systern
61.17 W7} 5o B4 143Fe] 134 %7} =AUk \ Tirne: 1

—mm 40 Max '\ _
s 17.556 pm (67557 ax

24, HE CH NIYA IS BT A B \ o15.25

Fig. 4= LNG W72 Age=e] ys] 8 A 27333 a1es1
olo] 7JHE = HlTEL HEHFY 2=THIE 3 ig;;g g 15214

o 3 T -12.224
A% Row, el F4e 2140l 247 605 mm, o4 667 \ tea A‘
34 mm, 13.8 mm7} A&} 447 1719 ) -117.11 { -340.96 X
#L 53 dRYFe 67657 W/m?elH, 11719 -139.56 sosas N

. B - m k

Mee B¢ F AFATe viwe) g o 5 162Min \

BAZ 2.64 Woll EFsHA] Hh
. {22 LNG HHE S NMEH3

31 MZ2 ING HHEE M3 #=

M=ol agkd LNG AR E AR 7=
= Fig. 59} o] 25 Wje] &2} A, o7 B4
Welel = shube] F3F v F3te] FAgEo] 7l 2
o WS 283 Aotk W] ’a Akl
3 §EQ 1x10™ Torr ©l8ke] a7F3} HA}
A7 Aggek S GEe dEpolE IF
43t fEE F 9Ee Feaen, S 94
2 Fd FAE 175 mm (779 TE2 64 mm)
ste] 45ttt

f oft L 1 rlr ofn

32. MZ2 39| A IR sy

Fig. 6> A2 123k LNG ¥AHE AFs=a
o HAE B¢ dalld 9o 83 YiE -162
T, 5= 40 TE 71F39 S u, (a)= 27,
(b= AF dFd# NAoltt. 1xF dEF9
HEEE 43x10° W/mK, 3+ dd37te =
ZPolE IF A 4 2% TLEHS] EAER 0.014
W/mKE &3tk ol 82 WA da o
YL 09983 W/m™7t Ho], B & Hd
3445 W, 3153 S48 0157 %7t ") o
< @A IMO CE "=z dFd&l 456.91
75 %o £33 ddart a4 FAEE 2

s
&

Kl

2

(o)

-

o}ﬂf
e Ho
o=
i o 2 rlo 2

& o
N o 2
o 2

At
o

33. +o
Fig. 7&

0| el
FAHDA 5]

KIGAS Vol. 22, No. 4, August, 2018

Fig. 4. Temperature distribution and heat intake
rate through pipes of marine LNG tank.
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=
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L\\ /

Super Insul.

Fig. 5. New LNG bunkering storage tank with
double insulation shields.
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Type: Temperature

0025207
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Fig. 6. Temperature distribution and heat intake
rate through walls of new marine LNG
storage tank.
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Fig. 7. Heat intake rate with vacuum pressure of
double shield insulation wall in new LNG
tank.

Temperature
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17 844
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Fig. 8. Temperature distribution and heat intake
rate through walls in case of vacuum
loss between annular space of new marine
LNG storage tank.
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