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A Study on the Thermal Analysis of the
Closed-cycle Insulation System for Fuel Tank in

LNG Vehicle

Namkug, Kim

Department of Refrigeration and Airconditioning Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently the LNG(iquefied natural gas) public buses and LNG-fueled
container trucks have been introduced to prevent the air pollution in
metropolitan areas. As the LNG temperature in fuel tank is as low as
-162C, the thermal and structural effects of tank components need to
be studied in order to keep liquid phase as long as possible by reducing
heat leakage from outside ambient. The LNG for buses is stored in
horizontal tank that is insulated with Mylar sheet and high vacuum
between annular space of double-walled tanks. As the stored cryogenic
liquid evaporates over 6.0% daily by the present insulation system, more
efficient storage tank, that can reduce the evaporation rate, might be
newly required.

This research invented new triple tanks, that has middle tank having
closed-cycle insulation filled with R134a refrigerant which evaporated
by absorbing intake heat from ambient prior to LNG evaporation.

The heat transfer rate and temperature distribution of tank body and
support system were evaluated by FLUENT, and the thermal stress and
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strain were analysed using ANSYS. The results showed that the rate of
heat transfer from outer vessel to inner one was reduced significantly
compared with the common double tank having super insulation only.

By the experimental evaluation, it showed that the evaporation rate
of liquid nitrogen was 2.54% per day, whereas the national approval
law for LNG fuel tank regulated the evaporation rate of 6.0% or below.

New developed tank could be highly efficient LNG storage tank for
vehicles and would help LNG fuel system safe.

KEY WORDS: Triple tank 4% ¥ =; Closed-cycle @ # Ato]Z; Heat transfer &4
< Liquefied Natural Gas(LNG) 3} A7}2~; Storage tank A %HE)
=; Super insulation <73 ©<¥; Thermal stress €-5-2; Thermal

strain €% ¥; Evaporation rate S9&-.
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Nomenclature

Variable Description SI Unit

T, Wi Ao 2= C

E A A+ Pa

Q G A FHEH kcal

U FTAAIA T W/m?K

A 2 g H A m?
BT L=t C

ho TNE AS dAGA S kcal/m*hC

hi B R 1S GHGA ST kcal/m*hC

Ao RDE R m?

A HU S B m’

k SUSH#e] dFEx W/mK

hy, 2 AHAGA S kcal/m*hC

X A=

Gv 71AY dEFFHEE

Xtt Lockhart-Martinelli parameter

E & 53 A=

hy, I AAge] &5 o dAGASF T kcal/m*hC

hnp nls AAGA ST kcal/m*hC

M B A= mol

P design inlet pressure

D diameter m

Sa allowable stress (SUS304)

Ew weld efficiency

Pc 3 P(ambient) 303.9 kPa

t Shell thickness

Do Outside diameter

Vs 584 m’

L 4 Zo] m

Ve FHES A3 834 m?

v 5 47 m?

Variable Description SI Unit

W A4 kg

d et EOICESERNE kgl
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Table 2.1 LNG composition with various reservoirs

(&9 : mole%)

Reservoir
Alaska Brunai Abdabi Badak Arun
Composition

CH,4 99.81 89.83 82.07 89.91 86.96
CoHs 0.07 5.89 15.86 5.44 8.40
CsHg - 2.92 1.89 3.16 3.66
n-Butane - 0.74 0.07 0.75 0.39
[so-Butane - 0.56 0.06 0.67 0.53

n-Pentane - 0.04 - 0.03 -
N, 0.12 0.02 0.05 0.04 0.06
Total 100.0 100.0 100.0 100.0 100.0

Table 2.2 Thermodynamic properties of liquid methane and LNG

Property | Boiling point|  Liquid Evaporation |Heating value
Fluid (latm,C) density  |heat (kcal/kg)| (kcal/kg)
Liquid methane -161.7 0.424 131.5 13,270

Alaska LNG -161.5 0.425 122 13,300
Indonesia LNG -160 0.465 118 11,000

2.1.2 LNG9 FF 2 713} oA F

2.1.2.1 LNG Z3%A

Fx7t 2= AE EAol FAA E=Yetal e A A7FAOLNG) ¢
A F AR = A He opgbvta 1A $&, 59 83 AE9 47
Aol 9o, A ZRE 20%m’e] Mutoz £=gE INGE At e
Hxzo 93 stHe] ot st E LNG+= 100,000~200,0008 &3] A8 =
of AZAI & HAZkz=o Fao w5t 7ISAA 3o 4 i)

Collection @ kmou



Ao HAA7 e BATFEE, BHE 28 Y8R FEEI Ut

Fig. 219 3934< ®d WA LNGE 1x #Bx(A7% 150T/hel <))
15kg/cm’e. 2 <¢d & 228 =(17]9 80T/hel 98 75kg/cm’Z 7tH o).
7}%@ LNGE= 1%t 71371(180T/h)ell A 3l ol ofsll =29 HA7tx== 713}
H % 300A m#e] o3 =ATEAge®E FFEU LNGAHE dREsE
A 12 BEZE o] &ste] HAE QAR FH, &5t T FH
stAl Ft,

rﬁrﬂf

LMG
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Fig 2.1 LNG supply chain
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Fig. 2.2 Mollier diagram of LNG
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2z},

Table 2.3 Properties of liquid and gas phase of LNG

Liquid (LNG)

Gas (NG)

Boiling temp.

-161C at latm

density

456 kg/m® at 1lbar

1.525 kg/m® at -130C, latm

viscosity

142 cp

0.0057 cp at -130C, latm

specific heat

0.8 kcal/kgK

0.5 kcal/kgK at -130C, latm
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Table 2.4 Mechanical properties of SUS304(wt.%)

Material C Mn P S Si Cr Ni

SUS304 0.05 1.2 | 0.021 | 0.008 | 0.41 | 18.02 | 8.6

Table 2.5 Yield Strength, Tensile Strength and Elongation for
various temperature of SUS304

: Yield Strength | Tensile Strength 0
Material | Temperature » (MPa) » (MPa) e (%)
293K(20C) 307 721 63
193K(-80C) 497 1163 33
SUS304
153K(-120C) 508 1245 31
111K(-162C) 551 1495 29
3000 80
2500 |
460
—_ Elongation
T 2000 - m
= 3
S 1500 [ lw 2
g o
: 2
5 1000 - Tensile strength §
420
500 |- W
0 | | | | | 0
50 100 150 200 250 300 350

Temperature (K)

Fig. 2.3 Change of strength with temperatures of SUS304
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Fig. 24 LNG fuel tank of “T“ company
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1 : Outer tank, 2 : Inner tank, 3 : Super-insulation and high vacuum

Fig. 2.6 Super-insulation material of LNG inner tank wall

Table 2.6 Structural configuration of LNG fuel storage tank

Description Size(mm) Material
Total tank length
with front pipes and gages 19685 SUSS04TP
Outer tank diameter 0.D, 657.4%3.0t SUS304TP
Outer tank length 1757.8 SUS304TP
Outer tank diameter 0.D, 657.4%3.0t SUS304TP
Inner tank length 1546.7 SUS304TP
Inner tank diameter 0O.D, 614.4x3.0t SUS304TP
Weight empty/full 254kg | 400kg
Gross volume 450.5 Liter
Primary relief valve 16.0 bar,g
Secondary relief valve 24.0 bar,g
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24 ¥ INGAEHIY Ex Bd7z 2 34
241 AL 879 B A7

2411 SAL #A AFE& @<

FALZ FAY A A" R do HYs HAsE] fs o2 FE
o] ©@do] AL Yot FAL A AR dddHod= (D Urethane
foam insulation, (2) Perlite vacuum insulation, (3) Multi-layer insulation(Super
insulation)e] A-&=1 vt G FTH= A2 5 AMEA wt A9 st
A W, dEAE T3 €22 A%, R/, HAb 93 o F

g Rl mEt A2 S AL S ] &5 Aol dXg dAAdo] Wl

Ho}

2412 & 9<EA
Tag F ddA= 3 LNG &84 A 85 = ddAolnt. dd s 54
2 0.024~0.033W/mKZ ®j-¢- @1 gFAd o=z FA 7} uf$- 7IHEa 7140 A
Aoz APd EAS zteth g Fo2 FAEH TEA= phenolic-resin-
reinfoeced 2|4 A =
3tE . o R =HE 7
o dxo W& dHEEH, & Aolo 7|F IS E&
W 5& ol&dt F& AXFOEN dHERE

ANZIA A

Table 2.7 Thermal conductivity of various foam insulation

Foam Density(kg/m?) Thermal conductivity(mW/mK)
Polyurethane foam 11 33
Polystylene foam 39 33
Rubber 80 36
Silica 160 55
Glass 140 95
- 13 —
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Table 2.8 Thermal conductivity of various powder insulation
Insulation Density(kg/m?) Thermal conductivity(mW/mK)
Fine perlite 180 0.95
Coarse perlite 64 1.90
Silica aerogel 80 1.60
Calcium  silicate 210 0.59
Lampblock 200 1.20
Fiberglass 50 1.70

2.4.1.4 Super insulation (Multilayer & @ Q)
MLVSI ©+d"¥H -2 Super insulation®2 Ezw HHAL BARE EZQI
Mylar, 7+8] &<, aluminized Mylar 5 Sheet Alojol] Y& AT &
YA, Fol & Adste 7EE Ho Aok o] %
=2 vxllﬂo% of & aHE ZHA "o
fagE!

Cll=ncy e 4 1ase YA=de AYdst2E o] WA Shieldd

=5 N o]2}¥, Emisivity factor
1 _ L1 12 1.1
o (61+62 1)+ (N 1)(65 1)+(62+es 1) 2.1
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2, ol E g GdFA e nlst

sk, idﬁ}oﬂ*‘ 7 Agsit. 3 gdye 3718 AR st AV A
=, dFEE Adstr] st FHolE AEwd Hok uXFoR thE
G s EALD AES fst S dEAYd A 2d4S oY doE Wz
B 5ol o ZeR o] WA Wz FSete 9low, ojx yiHd
E ASHA =5 wETh w9 B9 A8 AF=E 1x10"Torr o] ahrt
axeln, ojnf dHE%E 14-78 pWmKZ2 wf-% &e Fho] =u, uzF 3t
dAE &7 HA AAA o 2L BEeEe S/t BAnE B o8

ol
Bl ek AL 5, A Mylar7b AgEH, o] Mylarst 1tA= A% 5
3 B =RoAE A4S F4log gAY 5 = EES

Table 2.9 300Ke} 77.4KAbolo] A-85 MLVSI ©aiiel === Het
olE % IETTEFY oF 1/100°] ¥t Iy E=R B AT A LNG 9%

Bzo) wdolt o] w3 waPEe &g

Table 2.9 Thermal conductivity of Super insulation

Multi-layer insulation Thermal conductivity( pW/mK)
NRC-2 crinckled Mylar film 0.006mm 42
Dimplar dimpled + smooth Mylar film 42
0.0087 mm Mylar film + glass-fiber paper 14
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2.5 Y ING 985" 39 XA 2H {4

251 LNGEE®IY AAANXH F=x

FAL AAE AAstE B9 dFYL o s s d4d AAE
A A Al 2~®l(Support system), A& WA AAH} o]FES L WF &7]
AR == FHB(Filling tube), W) EFH(Withdrawal tube) 5& 53 = IdFY

o] Ut}

2 AFolAeE INGAER A Yol A8 Wi 8715 AR AA Al
o2 Fig 279 Fig. 28 (9 I T%& RY UyYi AAR 7 22mme
SUS%-o] 120mm Zeol&2 &=l 229, 95 AAH AZF= C
Ble] bar7t €3 1A EHA %l‘:‘r o] bardll= W& AAEel FUE F UA=FH
7ol oA Aol HEY 5 488e 558  AEF s o H=F
S Zo dHGL HAasEta Yot
E AFoAE=E B3 YR LNG F2 o] 20%, 50%, 90%= WH3tE o &HX)

Fob & A A z"He) ddGH §Y S TPt EASATE A o
Aol ¥4 mdlEge UGS NX4E o] &stgon, dsldy T34 Fash
4 T2 1A Ansys 12.18 o] 83} 33}t

(a) Typical model of LNG fuel tank

(b) Support structure (c) Support bar and plate
Fig. 2.7 Typical support system of LNG fuel tank
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(a) Support structure (b) Support bar and plate

Fig. 2.8 Photos of typical support system of LNG fuel tank
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(a) Outer tank, (b) Support plate of outer tank, (c) Inside tank

Fig. 2.9 Grid for thermal and structural analysis

Fig. 210& W4 &4 2% -162C, 9 @4 255 25CT=E A3t a4
g UE B9 25 RIS =

ehith 9% @aE fr)e dan ] o
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Ro| exxrl aA Yepda Aok ol INGE A Wl = 243 L3
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Fig. 2112 W &= LNG7}F 50% 3=l 0 ) AR & 2 Aol
e 25 BE e HAFEH. @e AAelH (b= 2=74H Aot Fig
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-162.74 Min

(a) 20% LNG filled
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08 2= 5:06
25.112 Max
4.2902
-16.531

-37 363
58,175
-78.997
-G3.818
-120.64
141,45
-162.28 Min

(b) 50% LNG filled

2008-01-08 SE &322

25 Max
3.859
-17.082
-38.123
-68.165
-80.206
-101.25
-122.29

il e
-164.37 Min

(c) 90% LNG filled
Fig. 2.10 Temperature contour of inside tank with LNG filled.

(a) Mesh of support bar

2008-01-26 2= 557
26.3 Max
53774

-15.545
-36.467
-57.3808
=783
-99.234
-120.16
-141.08
-162 Min

(b) Temperature distribution of support bar

Fig. 2.11 Grid model and temperature distribution of support bar.
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Fig. 2.12 Temperature distribution of support bar

Fig. 2.13 LNG7} 90% %79 o AA%o] 92 AEHe 9% wael 2
@ o ex ol

Fig. 2.13 Temperature distribution of support plate of outer tank

Fig. 214 W& ® =] LNGZF 90% = o] Sl& wl AA %] dZ2AA =

= R ®ae AAR R & ot AAFd HEHE FE 2x
-162C = 7 van o) F %Oﬂ LAY HBEL QU|eEE HoZET}
o] A AN2ElE B3 F AIFL 90% T WE 7|FEs 2] 2.8)% ol &

AR SEH oW, 1 ke 37081\)(/7} Hoh ol &3 dd 7 AAG] 14W
2 7128 o 26%0 e
of gre MmA e Ao o A WHel

L
Ho| ntdoz Agd & Yee ¢ 5 Utk

Collection @ kmou



Fig. 2.14 Temperature distribution of support plate of outer tank

253 BA 3 AAANZH E89 34
w4 2 AA AzEe e EX 4 %’4‘5{ TR A A

815 Fluent® ol 838t +44 8| +32 L0X10™ elstel A 5
S

o2 3lgon, e F AxL of 6000711& &tk Fluente] 42 )4
of A48 ASPAA S oUA AL e} Lok,
7h AE&uA 4

Qu | v _ (2.9)

Wb AgE S BA
dgol U@ FAH WY AHL 9 BANCR wARFe] $He The
3 2t

(1- %)10&(%)1 2.10)

Collection @ kmou



Tangential W&o 33L&

aET, a? 2

o, = [1—log, (2) = T (1+ 2)log, (2] @2.11)
2(1—p)log, (3) rtov-a r

o] a1, Longitudinal Wake] $-22

oFET, b 2a*

b
o, = [1—2log, (—)— log, (—)] (2.12)
2(1—p)log, () oy ¢

2

AN T, WE AUH X, 4 pb UE AU WA o

o o =
Ao Wb, ue Poisson’s ratio, o= WA, g BHASTE UE

‘sz (i,

e o

Table 2.102 &9 3ol AF8H =4 X o|th Fig. 2.156&= W& &= Oﬂ 90%<]
ING7} 2453 YRELE -162C, 95 25CY o) Iuol] o3
% WE Rzt Wyl AAzAeE A9 Yol S B
HAEE AZve] WelE 02 At Figt AWFel % YIF ws 19
2 YE AME 93 FAR A48 Uit 189 %32 W9t elx
129] B8 ek Saeel @2 A4l AR WG 246mm £5
Atk ING ®a A dolE Lsd YyEas  492mm7t S5
B o8 3kl $3 A

B AFoA= A AE&HT J= LNGHEF

&
A 2ALe] exate] o3 5z

JA| 28 S AAE

N
)
o
ol
£
o
2
9_:
10
o
~
4
hacs
_Q.

53 A4
of A P FAHS BURLA Ak £ o]E Fiko] FF AR

AANZE Fge] 72 A2 FEF $ S Aotk

Fig. 2.16 (@<= AAF Fof dwigol o3 §8S HoFEr g0 aA
Elgs 299 2= 914TC~F414TC oY 27 W4 EE -196C 2 3}
A7 wiEel & A o) S¥o] go] A2d Aoz wudHTE i #3
E AASbE AABH FSFdhe Foo §8€o] A UErETh

Collection @ kmou



Table 2.10 Properties of materials in body and support system of LNG tank.

[tems SUS
Thermal conductivities 14.9~1.9 W/m K
Coefficients of thermal expansion 1x107°
Elastic moduli 210,000 MPa
Poisson's ratios 0.3
Density (kg/mm®) 7850e7Y

i 2092
L] 0.00054728
0.00027364
0 Min

Fig. 2.15 Y-direction strain from thermal stress
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(a) Von Mises stress (b) Von Mises strain

Fig. 2.16 Von Mises stress and strain by thermal stress
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Fig. 2.17 Sloshing barrier plate in LNG tank lorry
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Fig. 3.1 Schematic diagram of experimental rig for super insulation
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(a) Outer vessel

(©) Inner shell rapped with mylar
Fig. 3.3 Photos of super insulation vessel
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Fig. 3.4 Evaporation time of liquid nitrogen with number of Mylar sheets

Collection @ kmou



3.1.3 Mylar$} 222]9] Ao wE& dd&as
FUHE Mylare} A1 Glass papere =ul A=A ¢F7] wfj ol o] Glass
paperd] WA &S 47 9% AP TR Mylarelt Mylar Ape] ] 2
Agt =4 HFAE A &317] 98t PE(Polyester)w¢} Paperi+e &35 4
dsAT.

Fig. 3.5 Mylar$} =4t paperE 258-% 283t AF%= 10”°Torroll A o
da7E AP Aoty 1 dE9E A3E BHH 0.8kge] HA ALV TSt
= Aol 50022 el
Fig. 3.6 Mylar+PE(polyester) 254 Y f X FZo| wE dA| Ao FEHAZE
< HAFEY., I ZA3}E EA 9FHEA 0

Mylar+paper Ht} Stgo] i @dasrt 2 Zo2 eyt
a3 =2 PE(Polyetylene) E&o] IAE AH8E F A3 FYHE IH=E

TDAE T4 =42 AE = e 2HE AT

600

w—— ylar+Paper (25 shw=eets, 107 Torr}

500 -

400

300

200 +

100

Accumulated time of evaporation (min)

0.0 0.2 0.4 0.6 0.8 1.0
Evaporation of LN, (kg)

Fig. 3.5 Evaporation time of LN2 with 25 sheets of Mylar and paper
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Fig. 3.6 LN2 evaporation time with 25 sheets of Mylar and paper on various
vacuum pressure
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Fig. 3.7 Insulation method of closed cycle
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3.2.2.1 "] R134a2 E4

47] z70) HEF Pujel R-134a9] EAE -134a(CFsCH,F)= ol gt
A Yol 2A LE2FS FAeA ¥ AT 1*5 Srol R-12 oA v &
o2 stk ofzte] =40 Rud Hl glout Edas 2 R-129 293}
A EAo] Hlxsle R-129] tiAWmlE2 Rgs1 Jom, Z4F We Ao
453 Je= Yol
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I g351A #Hr}. (Fig. 3.89] R134a Mollierid =2] A)
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(Fig. 3.82] R134a MollierA1 =2] B)

2 Jle/fde e Ba Wil AFE LNGZE Z3PHold, dugr|E
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Fig. 3.8 Mollier diagram of R134a
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e2o) ARYAS ho, hiE ook a8 ol FHANDATO BF T 4
cwny 7Y 4 Un
U(}AO = hole+ szler h}A (3.2)

o714 Ao, A, k& 9

= 9, Pz 9z, sUspe] SAEES el
B Ael A Bpen e FASAT

3232 BYF dASAT 44

HojF A Al WAy FaE d3tEE 2

A #e] S5 GAG
Aol dAStA Hoho Wule e 24 XY Aol dixEd APl
Cavallini & Zecchine] A|A|gF 434S AL&3IT)
Condensation Outside Tube
Cavallini & Zecchin®] J3#2)9] 24 EAGASF hppe
0.8 0.33.%1
h TDZO.OSRQ eq Pr / d (3.3
i o, 0.5
Re eq—Rev(J)( ) + Re, (3.4
u i p v
Re — G- (111—96) d (3.5)
i
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= (3.6)
11 v
oA7|A x& AdEolth A AFRFFEE Gve
G,=V,-p, [kg/m?s] (3.7)

o} Zt}.

R134a Wywje] A/ 3e(Steady state)= -70C, 7.98kPa z79] EAAE
T34,
8.09x10™ Pas

=
~
I

u, = 0.81x10™ Pas
15019 kg/m’

©
~
1

b, = 0.4856 kg/m®
1209.6 J/kgC

CﬁL

C, = 666.5 JkgC
£, = 0126 W/mk
£, = 00575 Wimk 7} €tk

JHEE oA e AHNGAFA hTPE hy, = 2304 W/mK 71 |t}

3233 JUYE SAdSAT 43
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Evaporation eq. in horizontal inside tube

O Gunger & Winterton eq.

h=F hL+S hnb

(3.8)
E=1+ 240008} "+ 1.37 (<) (3.9
it
@ Smith’s equation
h_ _1 ycoqa
e = CilB,+ Cy(5 ) (3.10)
C,=6700 C,=3.5x10"" C3=0.67 C,=1.0 (3.1D

@ Petukhov-kirillov and Gnielinski’s modified equation

e,y =1.136C; " (1= 2)"*h o+ 66702 B) (1 — 20  Fph,, (312

5ol Atk

Al

2 (3.9)¢9] Xtti= Lockhart-Martinelli parameter &

L, My~o9, Prvos, Hovor o
Xﬁ_(ML) (Dy) (UL) 1™,

Ex d# 53 dAgel
h e e B dAgo] 2 u) GHAGAF goz

Lo

hy=0.023Re" Pr’* ©li, Boiling no.= p,=--{ - = dejdnh

2o A hy, &S dnlS dHAGAS geE Cooperoll 2]3}e]
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R =55P)"*(— log P,) "M~ *¢"" (3.13)

o714 ME& EApeko] =t}
w5 Ao A Se
S=[1+0.00000115 E*RL"] ! (3.14)

At} Ao gRE T B by = 23177 W/niKE A4E0, 4 QDR
U = 38.89 W/mXK= =t}

=%, LING2=9} Wl &%QEQ EEAs st glerg dels
A2 A 455Celth A E&5 90%E 3HE HE WHE 0427 m'o] B

3234 |n¥r) 73
B dfdow r|3EE Wul Rldda 7AS A= Ay A
2 A= YE X7 "o o] dudtrle FUHET wEEE ING &9 It

AL 25A914 3mm=E dwgr] W52 Tube HE 5231, 4 H 1A= 15A
(217 2lmm)@ oz AAHe] dngr]e Shell Feol FUd A n g7

U5-e] ING# Edol M S35 ol HatsE Aol
93 94 2 9 A4 7120 U 05% oldkol =R Rl3dac) ot FY
AREE $9LL 680W o] Bl
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33 LNG 988z 73 44

331 AA 7& A¥
ING A" =9 72 A= 7€ B2 A3 A2me wgdste] 4
Adth o] Zow FRATBAAE AT AZ=AR A, BeAPE T3
stAl @k Fig. 3.9+ ®39 A& HoFH, 7|2 A= WEEA, 9%
A, Bl dugr] AA, MBdA=Z o] Fo|X
FA 9 448 Bottom-up ¥4 3} Top-down#4 o2 Vs 4 ok A
WAoo = A

|
AR a2 Ty A o7 FAE Atste WAL

= 1-"0 o % pul
AN S HFEH Z2IOYS o AoR FAgY A En. &, 728 ¥
I tE, FAE A&t T4 ol 75 o AA FAE A

Jo] 7120] Hi= Alko == TS Table 3.1 Zth
I A=) %= Hok WET FUHE 24
SUS304¢] =4 k2 Table 3.2&5 AF&olX .

fr B

Super insulation ; Jacket Shell To : 300K
S 18
= -
R134a —F .
middle tank =1 ATION

Fig. 3.9 Cutaway of LNG fuel tank
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Table 3.1 Specification of design of cryogenic LNG fuel tank

Description Size(mm) Material
Gross capacity/ net volume 450Liter / 405Liter
with ?:gi}; Egléslz?l%ithgages 1987 SUS304TP
Outer tank diameter 0.D, 660 x 3.0t SUS304TP
Outer tank length 1800 SUS304TP
Outer tank diameter 0.D, 657.4 x 3.0t SUS304TP
Middle tank length 1701.1 SUS304TP
Middle tank diameter 0.D, 613 x 1.5t SUS304TP
Inner tank length 1718 SUS304TP
Inner tank diameter 0.D, 603 x 3.0t SUS304TP
Space gap between middle and 19
outer tanks
Space gap between inner and 5
middle tanks(vacuum)
Table 3.2 Material properties of SUS304
Property Value
Young’s modulus (GPa) 201
Poisson’s ratio 0.3
Yield strength (MPa) at 30°C 205
Ultimate tensile strength (MPa) 515
Allowable stress (MPa) at 30°C 183
Thermal expansion coefficient 13.3e-6
Thermal conductivity (W/mK) 14.8
Specific heat (J/kgK) 480
Mass density (kg/m?) 7,900
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332 ®B3 U9F FA 44

3321 ®3 WF FA 44
B2 Shell 7 A4S tha3 2}

PD, B D,
I="9S E,—12P ~ 2S.E,+0.8P 3.15)

o714 P : design inlet pressure
(FAAE 4™ 10.5bar H-8)
D : diameter
Sa : allowable stress (SUS304)
Ew: weld efficiency : 1.0
A Aol ot F3F Y FY wE A-OFe A FA= 7TV "3}
93 2¢ ZRR A AF e vg gk

PDK _ PD K (3.16)
2S E ,—0.2P = 2S,E,+2P(K—0.1) '

=

o714 K = 1/6 [2 + (D/D1)*]
A7) AR A oste] TE YESY head® A A= 7T7} Fo).

3322 ®3A A% FA A

°lF 87 FA9 44L& U5 5U3sHA Bottom-dup ‘%V‘“‘d 2ol o)st
of FAE A Q B0 off ¥ ti7jsbe] AHEHa, WS Ix
10°Torre] a7l3e] AegA dch 1882 959 A9E Ql‘% i 71qkell o &

t2H(Collapsing) 2.2 95 2] ¢4A] A ojok Ft}h. o]= ASME Codeol T4
H Aol ofste] 4P H T

5 B39 749 HAL 660mm, ZolE 1.648melth SS4000] thd A A
4E 200GPa, Z+% HlE 0.27°]0h
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2E (] D.)’ (3.17)

P.= =
o]7]4 Pc = 3 P(ambient) = 303.9 kPa
E : Young’s modulus (207 GPa)
t : Shell thickness
0 : Outside diameter
v : Poisson’s ratio ( 0.28 for SUS)

3.3.23 Rl34a Wui3d ST A4
Yo Ho] FHE = FHF AE= SUS3040lH, F4L o3 2t
- Total volume : 12.6L
- 54
R134a HA|/7]14] HE< : 5.72bar at 20C (100~150psig)
A% . Liquid 9.4L (2/3)
Vapor 3.2L (1/3)
A FH AR VLIV = 94 /0.816 = 11.52 kg
A A Vvlvg = 3.2 [35.99 = 0.0889 kg
. FAEHE 0 mt = mL +mv = 11.6 kg

333 WgA A
WeH AANE 55 %E—% ARAEH S ALY F §HE Z2e) e
Fate] T AAE 9
D FEFHVE T 4o T

Vg = 1 L + 21 X2 (3.18)
o 7] A,

Vs : 5283 (m?)

D : =W (m)

L : & Zo] (m)
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) FHE ARLAVOS AZHE] fle
3 % $AVS F2843 Fu= AUEHS Tl T
V = Vs + VC (319)
334 &%F AL

AAT SA2 dRRA &2 ds Aoz At

W =09 xdxV (3.20)
7] A,
W A5 kg
d : 4gesole Asrks wF (kgl)
Vooges 0

Collection @ kmou



34 B3 A= 9 =47

e A AAE F Yre oed gon, Azd Was AR
B AZE S AAE E T = Zom, AZH = AR
zo}
’7 1 1 2 1 3 & | 5 | & 1 1 | [
T T Restia] Reviian note = Tsnahure] Chech]
&) A
PROCESE AND IMSTRUMENT DIAGRAM
_ . L
B 7 -; \ E
| I’
C ‘ jj C
—31 =N
o o
LEGEMD
i & e
= FILL CONHECTION I ECEST FLOW WALWE —
PROARY FELIEF ALYE \& Ta FUEL UTLET
S e Ty Mg e
T aLvE L4 T PRESSIRE BAIGE .

DRAIN ALNE

m
EEIE P s

WENT STACK CONMECTION
T4HK PRESTLRE COHTRIL REGILATER

DRATN COMMECTLEH (CAFFETD

W APR WITHIRAVAL BACY, FRESSURE CHECH ALVE
FLEL LINE RELJEF/BATK PRESSURE CHELH VALYE
“ENT RECEPTACLE

Talgned by

[ i - TxuEA MARITIME UNIVERSITH:

GEMERAL ARRANGEMENT

FOR LNG FUEL OUTER T&N

07-LNGVESSEL - I-001
&

Edithn | Sheat tats Seda
o 204 Az S
ki T

n ACARTER' STWLE FILL GUICK DIHKECTIONE
CPesERT STALE ALSD AvASLASL
FLF STILE WE!
a8
C
4
a
3
LEGENI
= | — TAMK EXTERMAL PIPING
W == ez { SHIWN WITH COVER RENDVED »
P B i S s, WARITIME UNTVERSITY:
GERERAL ARRANGEMENT FOR_ LMG FUEL CUTER TANK
4 WANGVEREL-D-0 [ [T (M ]
1 T T k3 I I I I I I I 1] & T 1 I
i d

Collection @ kmou

Drawing for external piping



? 3 b | 5 | & il | ]
T ] i v [oate— Frrarure thecrad
5
oo
1=
1500
22| 157D ¥
[ri=vd | 1728 —
| S =l
|+
Vi
g T8 ‘
\:\‘wﬁ_//
=VELTED BUTT JOINT WITH BACKING STRIF (1522
| SINA E-WELTED BUTT JONT wITHIUT BACKING STRIF C
i
N WIS DX PR LWL GAURE 4PLASTICS e
SPECIFICATIONG o
e, e
WETEHT ENFTY 235 KE
WEIHT FULL. A KB
JESp—, 8
e e P
NET VOLLWE
MATERTAL SFECIFICATION AZTH A-240 TYPE 304 ETAIMLESS STEEL E
snET
WATERIAL SPECTIGRTION ST A-£4d THFE 304 STAINLESS STEEL
FAFETY JEVICET ¢
PRIMARY RELIEF VALVE 1373 bara e
SN RELEF YAV 198 ke
TS DA | T B4 burg ¢ WFFS 37 /S S
s i |m HARITIME UNIVERSITY:
GENERAL ARRAMGEMENT FOR NG FUEL OUTER TaANI
ETT P e =
" 7-LNGVESSEL—I-001 |} - B -
T 7 T E; S S O 1 g T 7 I

Z F] & I S | (-3 1 | ‘]
T TReha] Fevian nore [oste  Tsamhurd theched]
A
B
yEe TS CEIE |
B |
| | e
| ! | |
$ o | e
\—nﬂ:ﬁfﬁ’_—_______‘____A \‘P
: ELTER BT AT £ VLT BACKDNG TR <2 {
| e e | L
0 N L
E
Bl T eprndly - (TS MARITIME UNIVERSITI
GEMERAL ARRANGEMENT  FOR  LNG FUEL INHNER TAM
i 07-LNGVESSEL-T-003 ¢ [ [ e
T F I H T 1= o F ~f = & T 3 I I

Fig. 3.13 General design drawing for inner tank

— 4;7 —



REFRIGERANT LIGUEFYING SYSTEM

| ]
TRt Fevison wete [oste oot chocred]

I

559.2

Refrigerant|Par
o487 £
bl
i

=y

ﬁ}ﬁ

|-

125

ettty [ e [KOMEA MARTTIME UNIVERSITY
GENERAL ARRANGEMENT FOR LMNG FUEL INTER TAM

5

+
E3 LT T T T ¥ T 7T

07-LNGVESSEL-D-foz [P [ome [ &
B i

Design drawing for

LNG fuel inner tank

HLAR G0 R LAY

1 I 1 L]
Tam] v vin [ Predad=]

5 [

A8

4
VCIN]

;N

temde T T i AR CRLATE F

GENERAL ARRANGEMENT FOR LMG FUEL INTER TANE

I7- HALNG- 03 |l I ET B
[] I i I L]

1>( T

Fig. 3.15 Design drawing for LNG fuel middle tank



Z 3 4 | 5 | & ki |
i o] Fesiian e T T
&
DETAIL DRAWING
= B
Al
s
NI " L
has,__. | [z, hea
{ | <
i
w C‘)l T o
4 Al
g i = i T
- 7,
’;
¥
&l [u}
43 bt 2 a
= e [
DETALL *#°.B* 3
Poelinadtly: tmelieded |m MARITIME UNIVERSITY:
GEMERAL ARRANGEMENT FOR  LNG FUEL IMHER TARH
1 [ i il R P
T H E] [ AN DR ES A I, ' 3 T 7 I ]
Fig. 3.16 Design drawing for piping connected to inner tank
2 3 4 | 5 | 3 7 ]
I [ Restic] Revisian note [oate Fianature]Checked
"
rrrivl
| = S | faﬁ‘i/— 2112 TR
B B
+ ] 1
! L1 |
= L
-— 3/B* FHPT FUEL COMMECTION C
i
ERE |u}
172" FMFT ENGIME COOLAMT COMRECTION 14
1539 |
HTES 5
1 P35 Hi¥INLH ENGINE COOLANT FREZSURE
& 200 PEI5 RAYINUK FUEL PRESSURE
3 TYFE 3M ITAINLEIT TTEEL COMITRUCTIIN F
T OB LR UKL TLIMATE 5 BT
5 COOLANT FLW FERURFENTE 2 GALLINE NINUTE AT 10T
& LR rEL I oL 7E £ S FSTE A TN B STREET TeE > PR
INITALLATION EY CLETONER,  FELIEF WAL WE T BE [NSTALLED OH FUEL DUTLET
CONNECTTIM, RELTEF *YALWE OUTLET WIST BE DIRECTED I0WNYARD ks
7. IF HEAT EXCHANGER IS INITALLED HORDTINTALLY, ORIENT COOLANT COMMECTION URWART.
% THE HEAT EXCHANGER: HUST BE (NSTALLET SUCH THAT FUEL FLOYW AMD COOLANT FLOW
ARE 1N THE ZANE MRECTION CLE THE COMMECTIONS [W OME END OF THE HEAT EXCHANGER
THOWLD BE INLETT WITH DUTLETE ON THE OPPOSITE ENOL X
s | Ao [XORER WARITIME UNIVERSITE
GEMERAL ARRAMGEMEMT FOR HEAT EXCHANGER
+ C-LNGVESSEL-T-m05 [P [ [EmL [
T &




(©) Outer tank
Fig. 3.19 Modelling for tanks

Collection @ kmou
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Fig. 3.20 LNG fuel tank with closed cycle type insulation

Fig. 3.21 Front pipng photo of LNG fuel tank
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Fig. 3.22 Photo for R134a heat exchanger

Fig. 3.24 Vacuum pump and LN2 storage tank
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Table 4.1 Classify and application of vacuum

Classify of , Degree of
Kind of vacuum pump Use
vacuum vacuum
, -‘Food processing
-Rotary oil sealed ,
, -Sputtering
Low vacuum |mechanical pump 5
) -LPCVD 760Torr
(Rough  |-Sorption pump , 4
, Neon sign 1x10™Torr
vacuum) |-Venturi pump ,
-‘Powder ~ and  fibrous
-Booster pump X ,
insulation

- -Manufacture of
-Diffusion pump vacuum tube

-Cryopump 4 5
, -CRT 10~ Torr
High vacuum |-Cryotrap . =
-Pour 1on 10" Tor
‘Turbomolecular :
-Evaporation
pump

-Electron microscope
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dH,, = hy,dm, +mh, +mdh,

(4.4)
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V= my —|—mgug = constant
dV = 0= mydv,; + mdv, + v, dm, + v dn, 4.5)
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Table 4.2 Boiling point and latent heat of vaporization of cryogenic liquid

o . : Latent heat of
Cryogenic liquid Boiling point(‘C) L
vaporization(kcal/kg)
LN, -196 48
LO, -183 51
LAr -186 38
LHe -269 -
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Fig. 4.2 LN2 filling and evaporation rate test
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Fig. 4.3 Evaporation rate of liquid nitrogen in developed LNG fuel tank
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