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ABSTRACT: Recently, there has been an increase in the demand for natural gas as a source of clean energy, which has increased the demand for
LNG carriers. However, LNG carriers require a capital investment to obtain equipment for the regasification process, which prevents fires and
explosions. Thus, on account of NIMBY, a CNG carrier is suggested that eliminates the need for regasification equipment. Meanwhile, carbon
dioxide emissions are more and more regulated by international conventions such as the Kyoto Protocol. Because of this, CO, carriers have also
received international attention as a methodology to transport and store CO, cargoes. Several vessels or tanks to transport and store CO, gas have
been studied in various countries. This paper proposes a conceptual design for a 204t container shaped tank to effectively transport small cargoes
of CO, and CNG. The proposed pressure vessel or tank will be carried by a conventional containership or special cargo ship. The influences of the
design parameters for proposed pressure vessel or tank. Including the materials, scantlings, and shape of the pressure vessel, are studied theoretically

and computationally.
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Table 1 The material properties of natural gas

Natural Gas
Methane Ethane Propane N-Butane
Molecular formula CH, GHs GsHs CHypo
Molecular weight 1604 5010 4400 5812
(g/mol)
Boiling point(°C) -161.5  -88.6 422 -0.5
Critical CoPTe w6 25 %7 1R
Critical pressure (bar) 44.5 46.9 412 36.8
Liquid(1
atmospheric )5 0450 0580  0.605
pressure at
Specific critical temp.
gravity Gas(1
atmospheric
0 0.554 1.040 1.522 2.006
pressure, 0°C,
air=1)
gas/liquid volume ratio
(1 atmospheric 59 - 292 227
pressure, 0°C)
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Table 2 The design parameters to design pressure vessels

Des1gn Parameter matters for comparison
parameter
preInsI;irre - 200 bar to transport natural gas
condition |~ 58 bar to transport liquid CO,
Shape of L . .
- Ellipsoidal Heads, Torispherical Heads
head
. - The condition when the thickness is different
Thickness . N
of shell between shell and head by design criteria
and head |~ The condition when the thickness is same
between shell and head artificially
- One circular section type
(Case 1)
Shape of - Mixed section type with
cr(t).ss 4 circle (Case 2) . )
section : head and shell are e e
reinforced with diaphragm
. - Mild steel(E-grade), X70, X80, Al 5083-H321, Al
Materials 175-T66

o

Table 3 The comparison of weights according to sectional types at
ellipsoidal head

Weight of pressure Cargo

tank(A), kg weight(B), B/A
head shell total kg

Mild steel 11209.6 40742.6 51952.2 16803.1 0.32
X70 6432.7 21416.7 278494 20487.6 0.74
Case X80 57434 18906.2 24649.7 20976.7 0.85
! 50831};1321 4235.6 15817.7 200534 15698.2 0.78
Al 7175-T66 21523 7118.6 9270.8 20771.6 2.24
Mild steel 10234.0 51916.6 62150.6 19734.3 0.32
X70 5548.7 269259 32474.6 24053.9 0.74
Case X80 4919.5 23728.0 286475 24611.2 0.86
2 50831—MH321 3939.2 202384 24177.6 18395.7 0.76
Al 7175-T66 18489 8940.6 10789.5 243779 2.26

Table 4 The comparison of the weight of pressure tank according
to sectional shape

Weight of Cargo .
pressure tank(kg) weight(kg) Total weight(kg)

Casel Case2 Casel Case2 Casel Case2 Case2/

Casel

Mild steel 519522 62150.6 16803.119734.368755.381884.9 1.19

X70 278494 32474.6 20487.624053.9 48337 56528.5 1.17

X80 24649.7 2806475 20976.7 24611.245626.453258.7 1.17
Al

50831321 20053.4 24177.6 15698.218395.735751.642573.3 1.19
Al

175-T66 9270.8 10789.5 20771.6 24377.930042.435167.4 1.17

Table 5 The comparison of transport efficiency according to head
types at case 1

Weight of pressure  Cargo
tank(A), kg weight B/A
head shell total (B) kg
Mild steel 11209.6 40742.6 51952.2 16803.1  0.32
X70 64327 214167 278494 204876  0.74
L X80 57434 18906.2 24649.7 20976.7  0.85
Ellipsoid
al head 5083-F321 4235.6 15817.7 200534 15698.2  0.78
Al
T175-T66 21523 7118.6 92708 20771.6 224
Mild steel 6077.1 39724.9 45802.0 15003.6  0.33
X70 3207.1 216787 24885.8 18690.0 0.75
Torisphe X80 28299 19231.8 22061.7 19189.5 (.87
rical Al
head  5083-H321 2349.2 15250.8 17600.0 13927.8  0.79
Al 1065.7 72262 82920 189798 229

7175-T66
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Table 6 The comparison of thickness of shell and head
Ellipsoidal head

Torispherical head

Shell Head Shell Head
thickness thickness thickness thickness
Mild steel 17817 165.02 178.17 250.62
X70 89.80 86.33 89.80 132.51
X80 78.87 76.18 78.87 117.02
Case 1 Al
5083-FH321 207.04 189.49 207.04 286.30
Al 83.43 80.432 83.43 12351
7175-T66 ’ ’ ’ ’
Mild steel 107.93 99.97 107.93 151.82
X70 53.49 51.43 53.49 78.93
X80 46.89 45.29 46.89 69.57
Case 2 Al
5083-H321 126.12 115.43 126.12 174.40
Al 49.64 47.86 49.64 73.48
7175-T66 ’ ’ ’ ’
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Table 7 Cargo capacity at same thickness both of shell and head

Mild Al Al
steel 0 X80 g5ues st 717566

Pressure Shell 53912.2 31351.8 280295 202657  10497.9
tank  head 60771 32072 28299 23492  1065.7

weight

(kg) (A) total 599893 345589 308594 226149 115637

Cargo weight 0019 172113 178447 116654 175776
(kg) (B)

T"tal(kg)e‘ght 728042 517702 487041 342804 291413
Loading

efficioney (3/4) 02l 050 038 0.52 152
Index 1000 2328 2703 2411 7105

Shell thickness o) ¢ 1305 1170 2863 1235
(mm)

Head thickness ) o 1355 1370 2863 1235
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Fig. 59} Zom, FAxHoZ= 9
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Table 8 The material properties at the case 1 and case 2

Mild Al Al
steel 70 X80 soes 11301 7175-Tes
Pressure (bar) 585 585 585 58.5 58.5
Yield Stress (N/mm?) 235 482 551 200 520
Allowable Stress 116 oy 56 g9 260
(N/mm’)
432 siMzzl 2 =}
(1) Shell £2:-9} Head 849 FAE FY3A g 7
AA| 71500 23 o]2F A4FA] Shell 249} Head E/\A =
A(Table 9 27 BebA $AF 7154 2 AA Aol
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4 A7} Case 19] 7% A2l BARLO] shell L= 518
59 olWe] SHEXE Holu Head 840 Head T4l &
HRFo] BAsle] 3882 273t Case 29] ¢ Ho ¥
S HeadFollA A8k, 322 Mild-steel, X70 3 Al-
5083-H321-2 head 4130l 4], X803} Al7175-T66-> Head 9} 4
AT o] 2FF-Eol|A] DA SHHTHTable 8, Table 10, Fig. 6 F=).
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Table 9 The scantling of materials at the case 1 and case 2

Table 10 The results of casel at same thickness both of shell and

: head
Mild oy xgo Al Al
steel 5083-H321 7175-T66 -
Mild o0y Al Al
Out?;nfr?)dlus 1118 1118 1118 1118 1118 : steel 5083-H321 7175-T66
. 4 Sheu(inrﬁﬁess 54575 26877 23540 63908  24.931
m?fnfi) S 1063 1091 1094 1054 1093 ,
Cose A " Head(;hlﬁ)kness 54575 26.877 23540 63908  24.931
s¢ Average radils 4091 1105 1106 1086 1106 Case
1 (mm) 1 Max.
Shell thickness 5458 2688 2354 6391 2493 displacement 2.045 4.244 4979  4.838 13174
() . . ] . : ()
Head(fn‘llf)k“ess 5328 2656 230 6213 2466 l\g(/ns;lt;ezis 45 254 291 131 277
O”tf;;‘)dius 662 658 658 663 660 Shell(inrﬁﬁess 32206 15.823 13850 37.885 14672
Im‘;;ﬁ)dius 629 642 64 625 643 Head(;hlﬁ)kness 32296 15.823 13850 37.885  14.672
A di Case )
Verage radius .
(mm) 665 650 61 6 65 displacement 1215 2461 2915 2801  7.59
(mm)
Czse g B}r]jadth of 4 » 2 54 21 Mo stress
aphragm (mm) N /'mmz) 153 279 326 136 310
Lengthof o ooe 1839 1841 1821 1840
diaphragm (mm)
Shell thickness 55 )06 15823 13.850 37.885 14672 == ]
(mm)
i |
Head(nti“ﬁ)k“ess 31526 15.63513.705 36832 14510 !

Case 1
Fig. 5 Computational models and boundary conditions each cases
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Fig. 6 The computational results of deformation an stress at Case
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Table 11 The results after modifying material sizes

Mild Al Al
steel 70 X80 shen 11 7175-Te6
Shell thickness o os o0 67703540 63908 24931
(mm)
Head thickness 30 30 30 100 30
Ca (mm)
se
Max.
displacement 1414 3859 4.038 3002 11191
(mm)
Max. stress
(N/md) 112 236 268 95 256
Shell thickness 40 20 20 45 20
(mm)
Head thickness 45 20 20 55 20
(mm)
Ca Max.
zse displacement 0864 1968 2.053 1855 5263
(mm)
Max. stress
(N o) 118 223 226 100 207
Allowable 110 i 076 100 260

stress (N/mm")

Table 12 Cargo capacity at the different thickness between shell and
head (case 1)

Mild Al Al
Steel X70 X80 5083-H321 7175-T66

Pressure tank
weight (kg) (4)
Cargo weight (kg) 21351.2 22923.8 23045.3 20858.1 22994.6

194704 89822 81717 77121 30354

(B) (Initial weight) (22077.7) (23408.5) (23572.0) (21639.8) (23503.8)
Total weight (kg) 40821.6 31906 31217 28570.2 26030
(Initial weight) (39525.0) (32150.1) (31244.0) (28522.6) (26399.5)

Loading efficdency 1) 555 58 270 757

(B/A)
Index 100 23 257 247 691
Shell thickness o5 75 26877 23500 63908 24931
(mm)
Head thickness 80 30 30 100 30
(mm)

Uz} 93} COE AT ¢ I HAATS Sole 2= 7HH
o} JjHo g FFaLo| Yrk AATHE BH, X,
X80)2+ &FwulF FFAN(Al 5083-H321)2] F-AT Z A7}
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