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ABSTRACT

As the emission of carbon dioxide into the atmosphere is increased, global warming is thought to be accele-
rating. To counter this deleterious phenomenon, CCS (Carbon Capture and storage) is currently under considera-
tion. CO2 captured from industry is transported into CO2 plants through pipelines or other ways. CO2 is liquefied
and stored in a CO2 plant and transported to other CO2 storage facilities using CO2 carriers. For this marine trans-
portation, the objectives of this research are to design a cargo tank under the conditions of liquefied CO2(LCO2)
pressure and temperature, and to design a new concept cargo tank and to examine its safety. This study aims to de-
sign a cargo tank for the marine transportation of LCO2 while complying with optimum LCO2 temperature and

pressure states.
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£ 1. CORAL CARBONIC DETAILS

MAIN DIMENSIONS

LOA 79.40 m Mean draft CO2 3.85m
LBP 74.00 m Deadweight 1,666 t
Breadth 13.75 m Gross tonnage 1825
Depth 6.55m

CARGO INSTALLATION

Max. pressure 18.0 bar Min. temperature -40 °C
Cargo tank (100%) 1250 m’
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ALESHCE ASTM 49| MEZ2E 35% NiZd2 2 258E& A203-DorE 9% NiZde=z

—

=FEl= A353 50| ULt

o 1ZAHZ (High Tensile Steel)
20| Mn, S, Cr, Ni, Mo, V&2| gta/AE AT HIISH NYFL2EM AFLE, &=
g WL DFELS HE HBH EE UY20| 36 kg

O

f/m Olgel AE FotH, 227t 2317 W20 FH7F afobd ¢ g™ 87l

28 2k 8 80 HE MEE 22 2R/t A2 & 52 Z0

st=9| Yol =1

2 Me0l82 2Ya0 2717t A F2 FHI B2 =

rto
|.|'|
rir

QA 2 QICt ESH M2 7t SESH ALLOWABLE STRESS 2 744 0f SiCt SJE2Eiq0| xj2s 1t
o| 3287|0| AFRE|= Cr-Mo STEEL S AF23}QC) ME°| ME= ASME BOILER & PRESSURE

VESSEL CODE (2001) SEC. Il (MATERIALS)0|| Q= Z4S & stQCt [1]

¥ 4. Material Properties

COMPOSITION Cr- Mo STEEL
SPEC. NO. SA-372 Gr.J
YIELD STRENGTH 758 MPa
ALLOW. STRESS 265 MPa
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3t 5. Material Classification according to design temperature

DESIGN
MATERIAL PLATE PIPE | FORGING | FITTING | BOLTING
TEMPERATURE(TC)
SA312-
304, SA403-
-254~- | STAINLESS 3054‘;2‘;3'730341’ 6 304L, 531341”%2'334074’ 304, 304L, SA320-BS
CRYOGENIC 196 STEEL 6L 347, 3163161 | 347:316, WITﬁ
TEMPERATURE 316, ’ 316L
SA194-8
316L
-195 ~ . SA333- SA420-
o 9% NICKEL SA353 " SA522-1 WPL3
-101 ~
1/2 NICKEL A203-D,E
-60 3 12NIC SA203-D, SA333- | ¢ A350.LF3 SA420-
59 ~ 3 WPL3 SA320-B7
46 2 1/2 NICKEL SA203-A WITH
- SA194-4
LOW 45~ 5135?2?11/%&1& SA-
TEMPERATURE 230 333-6 SA420-
T.) SA350-LF2
29 ~ SA333- WPL6
6 SA516-ALL L oré
CARBON
-15~0 STEEL SA285-C
SA53-
1~ 16 B s:llgf_ SA234-
INTERMEDIATE SA516-ALL SA106- 070 WPB SA193.B7
TEMPERATURE 17 SA515-ALL B WITH
—412 SA194-2H
413 ~ SA335- SA234-
268 C-1/2Mo SA204-B 1 SA182-F1 WP1
SA335- SA234-
469 — Cr-1/2Mo SA387-12-1 P1o SA182-F12 WPL2
537 SA335- SA234-
1 1/2Cr-1/2Mo SA387-11-2 P11 SA182-F11 WPl
538 ~ SA335- SA234- SA195-B5
ELEVATED 593 2 1/acrMo SA8T22-1 ppy | SAISZF2 WP22 SA194-3
TEMPERATURE
STAINLESS SA204.347H | SA312- SA182- SA403-
594 ~ STEEL 347H 347H 347H
815 INCOLOY SB424 SB423 SB425 SB366 SA193-B8
WITH
ABOVE SA194-8
INCONEL SB443 SB444 SB446 SB366
815

-20 -




CYLINDRICAL gfAlnt SPHERICAL HitAlol 2t E7|0| =/ E ZM™SH7| {5t SEC. VII

UG-27 THICKNESS OF SHELLS UNDER INTERNAL PRESSURE 0f 2} Qt2ig7|o 3 7|0 2 =

HE ZHSIALCE NZ2Z 02510 CYLINDRICAL giAlo| 248 7|9 SHELL o AL SEAMLESS

PIPETYPE O 2 ZAXN3}

9%

Ch MM E M2 ofZ3 ZCt (1]

— 1

Joint efficiency for, or the efficiency of, appropriate joint in cylindrical or spherical

E
shells
P Internal design pressure
R The inside radius of the shell course under consideration
S Maximum allowable stress value
t Minimum required thickness of shell

e CYLINDRICAL SHELLS

(1) CIRCUMFERENTIAL STRESS

. PR P SEE
TSE—06P O " T Rto0.6¢

()

(2) LONGITUDINAL STRESS
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PR p_ 2SE
t=——— =
25E—0.2P O R+02t

3

O|E ArE35}0 CYLINDRICAL €r2£27|9| SHELL 1f SPHERICAL 2f287|9| SHELL o] 74

i
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—=&— Cylindrical shell

—&— Spherical shell
0.7

0.6

0.5

0.4

0.3

0.2

Thickness of Shell (m)

0.1

0.0

Radius (m)

19 10. Shell thickness
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3.2.2 CYLINDRICAL HiAlo

CYLINDRICAL HfAlo| 2t 27|= S| CO2 L} LPG 9| sjA240| H2| M0l= ¢HE
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3 6. The Number of PV related to H
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20 1592

25 1274
30 1062
35 910

2 3% YHEY ot g 8% =+ AUs =2 Fu7t Y| HEo
= T8o7| Qe s YHEYQ Y7t 8Ts| OHTILE. Zo|7t
8717t 25t =0, YHE7|7F HiX|E[= Hiel 27|E 125ty ¢H

ot2z YEHE7|2 Zo|of HMeto] UA ECf

ofo
N
1o
N
o
T
i
N
(0]
3
tu
-

1Yot A

mjo

42, BX|E0l 1 mOA 6 m K|

HE712| =5 E 60| LtEfLIRUAC,.

X 7. Number of PV related to R

R EA
1 1592
15 707
2 398
2.5 255
3 177
35 130
4 100
45 79
5 64
5.5 53
6 44
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Pressure vessel

DECK

% 12. Example of Pressure Vessels Arrangement

O] 22 YHEIIS2 F Mo S22 LFIOMA Ztztel Jof HiXl2 Z0[H, O] S

Y
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[
ol
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187129 =0
Qe mo|ZE S8 LojLfs Z|0|Ch U} O|ASIEIAQF PISTON LIQUID & UE7} Ct2oz

MZ MO|X| QHeCh el OAlSlErATL YHRY|E 2E WALEZIH 2287]= PISTON LIQUID

2 HAXA ECE
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i
o
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a2 JhS ApA| ot

DD > <

Piston Liquid *
+—— LCO2
LCO2 —
%* Piston Liquid
preg——] 1<
(a) Cargo Offloading (b) Cargo Loading

1% 13. (a) Cargo Offlading, (b) Cargo Loading Process

ojzigt B2z st=2 Melshr| fldiM= YHEZIS2 A +2H2= HYX[Z|0{0}
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toh SEEZI7F UHC| EHIEO X2z HiX[EH, UMl WRo s YEH2 LHE7(
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1% 14. Example of PV Arrangement

3.3.2 CYLINDRICAL TYPE &= 87| AMMAA

M=2Zyer CYLINDRICAL ZAlo| §HE7[o #HHQ X=F 37| A= SHELL 2

20| Lat ¢=HE7(e W& EX[E RS 27 0F otot.
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ot2427|= ASME BOILER & PRESSURE VESSEL CODE (2001) SEC. I (MATERIALS)O{ [t}

2t MzE MFstn 1o 5

rir

5|8 SZH(ALLOWABLE STRESS)E ME3IY S M, SEC. VIII UG-27

THICKNESS OF SHELLS UNDER INTERNAL PRESSURE 0f [}2} Qf2ig7|o Z HQjo| =2 ZA

= —
HoLUCE HZ2dZ2 12{5t0 SEAMLESS PIPE TYPE & ARE, CYLINDRICAL BfAlO 2 SHIPYARD

oMol 88 XS =2zt SHRIC [1]

R/2
Vessle Head
Y
[}
Vessel Shell H/2
Vessel Cross-section Vessel Head Shape
Y
MIDSPAN
1% 15. Pressure Vessel Configuration
The length from tangent to tangent line of the pressure vessel
The radius of the pressure vessel
t The thickness of the vessel shell
ty The thickness of the vessel head
C.A. Corrosion allowance
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SHELL o] ZO0|] L 2 Hie| DEPTH & 112{std ZAMSI00fF SICt IS N2 A|AHY o}

2 PISTON LIQUID & @43} O|AtztEHAQF PISTON LIQUID o Y= XIO|E 02350 1QAEfO| A

o} O|M=tEAE OffoAl ZEA BiEAIZICE MEtM SHE7= +H2=2 HiX|E|0{0F 5t O

of th2t 9ol DEPTH 2oF &0 M2t Zole Mets A =t M8 st=o 58 Q2

100,000 m* & 7| Q5t0 AAxf 2F2l vl o H=e tx MM B8 7HE MELYALL

LNG 2gHdo] 37| H|usto] YHE7[e] 2ol L & ZFsiUct 24 ¢HE7|2 20|17 20 &

=5 YHE7IQ Y7t E0S0 ZEHE st= M2 ALBO| ZHEEHX|A FL.

27 FEXE R 2 YHEY|2 ME &olzts 12450l XS FojoF ottt

[ = —

ot#27|0| SHELL 228 SEAMLESS PIPE SAlOZ NESICID 7pASID X2 ZALE E310]
AR HAtE|D Q= SEAMLESSPIPE £ & H|IX 2 2m 2 ZANSIQICE [3]
LHE7|9| X|=&= H 71} L}
3 8. Pressure Vessel Dimensions
H 20 m
R 2m
t 0.068 m
ty 0.036 m
C.A. 4 mm
Adtez ot GHET[Q X|+=E A=z LAY AFOM AFEFC YHEZ|Q K3t

HlWs QUL HlL O S48 AHoN Tl FEEET|0|CE (SAFH2 Ras Gas Onshore Ex-



pansion Project Phase 2 O|LC}.)

OHI-E#

2127]0| Lol X|Z, Y2o| QAR o] YL
2 MESYCE B 90| AZ0| o Y| K4S EAHOH
ot 28 7| 0| X|40|Ch AA| 20| 66bar

7|5 Hlu
, RLEFR2 O] AF0M T
2 B2 76bar & B F ZHX|Of Listo] LEHE
719l FIHE ALtSto] B F4F AdoM Dhe REHEZ|Q A7 ¢ 25, XS0 BF
330, Mzt 128 M=0|2E2 FH7% & O FHES € + Ut
3 9. Pressure Vessel Design Comparison
DOOSAN This steudy
Material SA516 Gr. 70 S5 SA-372 Gr.J SA-372 Gr.J
Length 21.75m 20m 20m
Radius 2.525m 2m 2.525m
Thickness 129mm 68mm 0.093m
Design Pressure 76bar 66bar 76bar
Design Temperature 120C 20T 20C
3.4 4 E7| HiX|
OIS il H2TY Uof HiKISHY| USHME LAEIIZ XIXIHE SUPPORT
STRUCTURE 7t EQdtCt S Chof YEHEV|E Hotel =t279 s
2exol 27 ¥8o| 2P

—

LHOfl B XISE7] 2B A]
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3.4.1 CYLINDRIAL TYPE ¢t=2187|2] SUPPORT STRUCTURE

CYLINDRICAL HA|o| ¢#27|2 X0z M7l 9siMs g7 ofaissol
HEAD #+XE£ X|X|8}§ZF+= SUPPORT STRUCTURE 7} E L3}Ct. SUPPORT STRUCTURE o] 9|0 €=

8718 22t ¥ERE

o

St YHE7|7t =X JE=Z FX[ECE O] SUPPORT STRUC-

Ok

TURE = eta 27| BHZ X|X|&t7| Q/8f 4 71 O|Ato] PLATE 7} 2+Stof Q= & E§O|C}. PLATE O

0!

Jhu
ol
Gl
ot

FHE YEE7| FAHZ Qo otEof Qg HAo| WX Y= | F7H%{0F Bt

«——1— Vessel Shell
T «——f 17— Vessel Head
L,
l L, I ~—1— Support Structure
Y

W\ ———

713 16. Support Structure of Cylindrical Type Cargo Tank

W The width of the base plate of the support structure

L The height of the support structure
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o YHEZISS M9 WOl BiXSHY| flsiME EHEZ|S] #AHY HiEol &

23ICh 2t 213 27| ALojoj= INSPECTION I+ MAINTENANCE 2 Q[8f 1 m o 27t2 F9lom,

ojof Mg I7to| xHE 2[5t YHEI|E ZIGZAG YE{Z HYX|RACH LHE7(Qt MEO| LY
e ALO|9| &7F2 INTERNATIONAL GAS CARRIER CODE Of [}2f 0.76 m o &7t Z9iCt. [2]

Web space

<44.330m®

4

19 17. Pressure Vessel & Web Arrangement (Plan View)
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Q24 7|0| X4t 33200M FHASH, 100,000 mPo| 2L MES| YA Last

YHE7|2 e X YHEY|S| FAE E 8 Of LIEIHRAL). FEZ o= TH =22 HH}7|

?l5t0f 359 7io] YEHEV|7F Easttt. AHET|S] FHe FHNHRF 4 mm & Gt glojct &
87| StLte| BA= <F 140 ton O], Y3 E7| 359742 RA = < 54,000 ton A4S & = UL
3£ 10. Cargo Tank Specification - Cylindrical Type Cargo Tank
Cargo tank
Inside Radius (m) 2 Shell Thickness (m) 0.072
Length (m) 20 Head Thickness (m) 0.040
Cargo - LCO2
CO2 Density (kg/m") 782.684
Total Cargo V (m’) 100,000 Total Cargo M (Ton) 78,268
Cargo Tank — Material (1EA)
Density (kg/m") 7840
Material V (m’) 17.793 Material M (Ton) 139.5
Cargo Tank - Material
EA 359 Material M (Ton) 53,589

st=T9el HHIE 50 m 2t 7pgst 359 7Sl ¥ HEY|E =279 W0l ZIGZAG HEY

Z HIESHH 32719 Huk 11749 €2 YUHET|E HiEY = ACL 0 2 YHE7| Ato|el A

2l 1 m 7 RAECE SEE7 HA 8 /A 25 25 YHE7(QE U2 W Ato|o] Zt
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3 11. Multi-lobe Cargo Tank Dimensions

P R B allow D t t, ti
(MPa) (m) (MPa) (m) (m) (m) (m)
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Cargo - LCO2

CO2 Density (kg/m’) 782.684

Total Cargo V (m’) 99,989 Total Cargo M (Ton) 78,259

Cargo Tank - Material (1EA)

Density (kg/m®) 7840 N 6

Material V (m3) 112 Material M (Ton) 857
Cargo Tank - Material

EA 61 Material M (Ton) 53,425
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EFFECTIVE
STRESS

RST CALC
SHELL T = 1.00
TIME 1.000

3.500E+08
3.250E +08
3.000E+08
2.750E+08
2.500E +08
2.250E+08
2.000E+08
1.750E +08
1.500E+08
1.250E+08
1.000E +08
7,500E+07
5.000E+07
2.500E +07
0.000E+00

1% 34. Stress distribution (in MPa) in Pressure vessel
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EFFECTIVE
STRESS

EFFECTIVE
i RST CALG
SHELL T= 1
SHELL T= 100 S e
TIME 1.000
- 3.375E+08
3.375E+08 - 3.150E+08
E 3.150E+08 L 2.925E408
2.925E+08 L 2.700E+08
L 2.700E+08 — 2475E+08
—2475E4D08 — 2.250E408
— 2.250E408 5035408
— 2.025E408 1.800E+08
— 1.800E+08 - 15756408
[ 1-575E+08 — 1.350E+08
— 1.350E+08 — 1.125E+08
— 1125E+0E — S.000E+07
[ SO0 +07 — 6.750E+07
— 6.750E+07 L 4.500E+07
- 4.500E+D7 - 2.250E 407
- 2.250E +07
EFFECTIVE
STRESS
RST CALC
EFFECTIVE SHELL T = 1.00
STRESS TIME 1.000
RST CALC
SHELL T = 1.00 1.68DE +08
f 1.560E +08
TIME 1.000 1a0Ese
1.320E+08
— 2.610E+08 — 1.200E+08
— 2.520E+08 1.080E+08
- 2.430E+08 9B00E+07
— 2.340E+08 a.ggoEmr
— 2:250E+08 7.200E+07
— 2-160E+08 6,000 +07
— 2.070E+D8 4.800E+07
— 1.980E+08 3600E+07
L 1.890E+08 2.4D0E+07
— 1.800E+08 1.200E +07
— 1.710E+08 0.000E+00
— 1.620E+08
— 1.530E+08
- 1.440E+08
- 1.350E+08

(b) (c)

1.3 35. Stress Distribution (in MPa) (a) head part, (b) shell part, (c) support part
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3 13. Natural Frequency for Transverse Beam Vibration

Natural Frequency Period
Normal Mode
(Rad/Sec) (seconds)
1 0.4754E+03 0.1322E-01
2 0.4754E+03 0.1322E-01
3 0.6726E+03 0.9342E-02
4 0.6729E+03 0.9338E-02
5 0.7422E+03 0.8465E-02
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