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Abstract: [Objective] With the ongoing development of carbon capture, utilization, and storage (CCUS) technology, researching
supercritical CO, pipeline transportation technology has become essential. Enhancing the fundamental theoretical system for supercritical
CO, pipeline transportation is crucial for ensuring the safe and efficient operation of these pipelines. [Methods] This paper primarily
discusses the unique physical properties of impurity-containing CO, and their impact on pipeline transportation characteristics. It summarizes
the major methods employed in hydrothermal calculations for supercritical CO, pipelines, as well as the existing challenges in this area. The
paper further elaborates on the advancements in experimental and theoretical research regarding pressure reduction, leakage, and diffusion in
supercritical CO, pipelines. Additionally, it presents future perspectives on the development trends of theoretical and simulation research in
the field of supercritical CO, pipeline transportation. The study aims to enhance the process design and engineering application of CO,
pipeline transportation in China, ultimately facilitating the large-scale development of CCUS technology. [Results] CO, captured in
industrial processes contains various impurities, which lead to deviations in its physical properties and broaden the ranges of gas-liquid two-
phase regions. These changes complicate phase control during pipeline transportation. Consequently, the influence of impurities must be

emphasized in the simulation studies of supercritical CO, pipelines. Conventional simulation techniques for oil and gas pipelines often
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involve approximate treatments in model selection and solving methods, making it challenging to ensure prediction accuracy for supercritical

CO, pipelines. Therefore, these models and algorithms need to be modified to incorporate actual engineering data. Although a preliminary

understanding of the depressurization process during supercritical CO, pipeline leakage has been established through existing studies,

research on relevant mechanisms remains insufficient, and simulation methods require further improvement. It is recommended to

standardize experimental conditions, deepen theoretical research, and develop more accurate physical and mathematical models in future

studies. [Conclusion] Given the positive application outcomes and broad market prospects of supercritical CO, pipeline transportation

technology, in-depth theoretical and simulation research is of great significance for overcoming relevant bottlenecks and advancing the

development of the CCUS industry chain. (4 Figures, 2 Tables, 62 References)

Key words: CO, pipeline transportation, greenhouse effect, CCUS technology, theoretical calculation, simulation
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Fig. 2 Schematic diagram of phase equilibrium characteristics
of impurity-containing CO, simulation using Gibbs Ensemble
Monte Carlo method
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I &8 8B HE R, H I RS T A 22 52K o LedaFlow
& —ARIEYEL & L BT OLGA i — R Z Mt
BB, Z AR A 9 AN AL Y 1 5T & SFE
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SPAE 7 RR DA K 1 MR SR T R, IHESR S5 kR B
LedaFlow I T CO, & 18 B A 5 5t i& F 1% . X b
R AR CO, EIERE YR W 2), BARZ
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Table 2 Comparison of commercial software for CO, pipeline transportation simulation
A SRUEHEL AR Xt CO, it E I
Pipeline Studio. SPS A3k S T CO, 1L LR AR & 17
PipePhase. PipeSim S AL H SE A FRA LR R CO, IS B4R AL
OLGA Kf S P T I AEARY CO, B, RPE L SEBCR (R
LedaFlow S S BT REHIEIN CO, I, HRA R LB E BT

Hh B A T TR D B, AR S A A
1E— € Z 8, TR IF &K T PES. WEGPOPT,
GASFLOW. EGPNS %5 i < 18 7 FLER A, 115 24
AN . B CCUS BERE A AT s, 2023 46 7 H,
HE AN E gL CCUS /mYa I H, 75 & A th—HER
HH CO, firik & 18 I s, i 4K 109 km, HEE
2 m, Wit E /715 12 MPa, KA “E E+H B 1)
Wk B, IR 2 Bk, S M RE, RORE
% 170X 10" t/a, KIFFRAK T CO, ik A . 1E N30 H
AR, P EAE ETR T E Co, FiE T
15 B, AR A5 O, Mk #tAT 7B IE, Ik
T RME T, RS LU S, B /R e E Lz
ITHARE XS L, IR R ZEAEL10% LA, JE /iR ZEAE£5%
CLIN, R S Bmﬁklﬂﬁﬁ AH Bt Bl A1 2 AH 7 1 2 A5
LA, BERLERST CO, 818 1 R ff T AR e, Bl o8
AE DL R D . A BE AR AR EOR, Z A R T

FIE R uh BN B TE 2R, KiRse T 7 EER
EIZYERE ), VTEET?ELHLM%?@%EME?M%%%, N
B EIBAT IR T A R HER . A A
FE AR CO, HERMEITEE T %R, &
g8 FH I Be Ak T 1 R B8R BY B, 0 R S B Ol AL
ASE P

o ad

3 CO, itk w5 5 vk
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J:[H COOLTRANS HFFEH H R H NAEH 24.3 mm.
KN 3 m. BN 4.55 mm ) 3E B IT %A CO,
WEBGRLE, AR T CO, R E 5 cE fE
CO, PIPETRANS B4 TV H R W AEA 50 mm, £
FE2N 200 m. JE A 19 mm FI/KFE BT E %A CO,
MBI, B RIS ST U R T IR . 76 fRK
HEE-CHESE B CO, PipeHaz 5 CO, quest &{ETH
H, KIEFE TR e R BB T 9480 243 mm. K
JEON 258 my JBE N 20 mm B I CO, & & it ik
TR, RO R A RIS R ) S IR T
T RHBERIS AT Y. COSHER B4 TVIR H SR FH
£ 193.7 mm. HEBEK 94 m. & 12.7 mm FIHIEEIE,
TR T AR IR TR 7 BEE AR A BV = N I CO,
WL BR FIR ™, e A, Han 25T /N IG
N CO, BB MR FUdR A T B % .

s 98 FEL VA8 O R FH 5 0k A 2 B R A s A Y,
Horp RS R R AL R 7RSS S B ) Bt 3 PR T B R S
Fe A EZIA, BT R I U4 A% R T IR AR R B ORI
JEE P BEL 3352 /I, DR Ak T 8 A i i A 3 AL 5 4 i
T2 TESRI SRR R, R RIA AU

ap>1/2

== 12

u (6,0 S a2
Po U

M0=—L’ ~do (13)

W =u—u, (14>

X u NER&ME T CO, Ak, mis; uy N FAF
N CO, i3k, m/s; p, N CO, YUK 77, Pas p, WA i IR
EMRJE CO, JE 17, Pas WoN CO, IEIE, m/s.

TE LG L CO, ol R P REPE T 42 (1 3D, A
UK L T T 2L CO, 1R 5 77, b sk e 9 i
LR— % PRI Z, B s CO, IE SR A HEN
AR AH X IR E 5 R g, IR 980 i 2 H B
T, % B R L (B R AR, B R T4 ) A
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SERFLEANTR], 79 3 A 90 8 o T E B A7 AE — E 2 5t
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Fig. 3 Characteristic curve of decompression wave of
supercritical CO,
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S AR RE IR, JFR R B IE ST CO, ME TER AL
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CO, & 18 Ml & o 72 9 A 2 K 5 & .
AR - E BT R TOKRLT R S TR R
5 BB BE (& 4) . Woolley 255 i i 26 W & T
CO, 18 B AME G & | SR BRI IE ) 45 7, Bl
Jii K F B O 35 90 4E- 11 FE 52 BT (Reynolds-Averaged
Navier-Stokes, RANS) A5 o} i 46 Bl S ik AT AL #0L, I
AT T B g 5 R B 1) P AR e 2 Y LA
Liu %R Fl CFD J7 iE ML, CO, M im0 A Ot
TERAH Y BRI R, 48 R A PROARES 77 B A0L 45
RGeS YEOL T B SRS T R, HETY) N 4%
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Fig. 4 Schematic diagram of diffusion during CO, pipeline
leakage
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