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ABSTRACT:

Impurities like water, which can form CO, hydrates under high pressure and low temperature
conditions, hinder the transport of CO, through pipelines in Carbon Capture and Storage (CCS)
systems. These hydrates can obstruct pipeline flow, leading to operational inefficiencies, pressure

drops, and reduced heat transfer. This study uses validated Computational Fluid Dynamics (CFD)

model simulations to investigate the agglomeration and deposition mechanisms of CO, hydrates

in pipelines. The Eulerian-Eulerian two-fluid model was employed, combined with a Population
Balance Model (PBM) to simulate hydrate particle interactions. The findings provide insight into

the hydrate concentration.

Keywords: CO, hydrate, pipeline transportation, deposition, CFD, Eulerian-Eulerian model,

hydrate agglomeration.

1. Introduction

Global climate change has prompted a shift
towards the reduction of carbon dioxide (CO,)
emissions. One of the leading technologies for
reducing industrial CO, emissions is Carbon
Capture and Storage (CCS), which involves
capturing CO, from industrial processes and storing
it underground [1]. The transportation of CO, via
pipelines, particularly offshore, is a key component
of this process [2]. However, transporting CO,
presents challenges due to the risk of hydrate
formation, which occurs when water and CO, mix
under high-pressure, low-temperature conditions,
leading to the formation of crystalline solid
hydrates [3].

The presence of hydrates in CO, pipelines can
cause flow blockages, increase pressure drops, and

affect heat transfer efficiency [4]. Although
thermodynamic inhibitors, such as methanol and
glycol, are often used to prevent hydrate formation,
understanding the kinetics and growth of hydrates
under real pipeline conditions is crucial for risk
management [5-6]. This study focuses on
simulating the formation, agglomeration, and
deposition of CO, hydrates in pipelines using a
validated CFD model [7], with the aim of providing
insights into how different hydrate compositions
affect pipeline performance.

2. Methodology

2.1. Description of a validated CFD model

The simulation of hydrate growth and
deposition was conducted using a validated CFD-
Fluent [7] that allows the modeling of multiphase
flows. The Eulerian-Eulerian two-fluid model was
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used to represent the gas phase (CO,) and the
dispersed solid phase (CO, hydrate). This model
treats both phases as interpenetrating continua,
allowing for the calculation of phase interactions,
such as momentum transfer and mass exchange.

In addition, a Population Balance Model (PBM)
was integrated with the CFD model to account for
the size distribution of hydrate particles, which can
break apart and re-agglomerate during transport.
This integration provides a more accurate
representation of hydrate behavior, especially in
terms of deposition on pipeline walls and
agglomeration into larger structures.

2.2. Geometry and mesh design

The geometry of the pipeline used in the
simulations was based on experimental setups [8],
with a total length of 4 meters and an inner
diameter of 9.52 mm. The pipeline was modeled as
a horizontal tube, surrounded by soil to simulate
offshore conditions. The mesh design is critical for
accurate simulation results. A final mesh with
362,400 cells was selected for its balance between
computational cost and accuracy.

2.3. Boundary conditions

The boundary conditions were defined based on
the experimental data [8]. A constant inlet pressure
of 3 MPa was set, with a CO, -hydrate mixture at
varying mole fractions (0.3, 0.4, and 0.6). The inlet
temperature of the CO, mixture was maintained at
5.15°C, while the wall temperature was set at 0°C to
simulate the cooling effect of the surrounding soil.
A mass flow rate of 3.25 kg/min was imposed at the
inlet boundary, consistent with the experimental
flow conditions.

3. Results

The agglomeration and deposition of CO,
hydrates in pipelines are critical factors affecting
flow assurance and operational efficiency. The
simulation results, as shown in Figures 1, 2 and 3,
illustrate the varying degrees of hydrate
distribution and deposition for different hydrate
mole fractions (0.3, 0.4, and 0.6) along the pipeline.

At the lower hydrate mole fraction (0.3), Figure
1 indicates that the hydrate particles remain well-
dispersed throughout the pipeline, with minimal
coalescence. This dispersion is characteristic of the
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nucleation phase, where hydrate particles have yet
to significantly agglomerate. As the hydrate
concentration increases to 0.4 mole fraction, Figure
2 shows the beginning of particle coalescence,
particularly near the bottom of the pipeline. This is
due to gravitational effects, causing larger hydrate
particles to settle.

In the 0.6 mole fraction case, Figure 3 depicts
extensive hydrate agglomeration, with hydrate
clusters forming larger aggregates. The
accumulation of these clusters near the pipeline
walls, especially along the lower sections, leads to
significant deposition. The hydrate volume fraction
near the pipeline outlet increases considerably,
indicating that the agglomeration phase transitions
rapidly into deposition as the concentration of
hydrates grows.

Fig. 1. Contours Of Hydrate Volume Fraction
from the Simulation of Inlet of 0.3 Mole
Fraction at: a) Inlet, b) Outlet
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Fig. 2. Confours Of Hydrate Volume Fraction

from the Simulation of Inlet of 0.4 Mole
Fraction at: a) Inlet, b) Outlet

Fig. 3. Contours Of Hydrate Volume Fraction
from the Simulation of Inlet of 0.6 Mole
Fraction at: a) Inlet, b) Outlet
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The  deposition  behavior  is
particularly evident at higher hydrate
mole fractions. Figure 4 highlights the
variation in hydrate volume fraction at
different points along the pipeline. For
the 0.6 mole fraction case, the figure
shows a substantial increase in
deposition towards the pipeline outlet,
where thick layers of hydrates
accumulate along the walls. This
deposition reduces the cross-sectional
area available for fluid flow, creating a
thermal resistance layer that inhibits
efficient heat transfer between the CO,-
hydrate mixture and the surrounding
environment.

Source: Analysis by authors

Fig. 4. Prediction of hydrate volune fraction in center of
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The severe deposition seen in Figure 4 suggests
that if left unmanaged, these hydrate layers could
result in pipeline plugging. This underscores the
importance of controlling hydrate formation
through inhibitors or other mitigation strategies,
especially in pipelines with higher water content
and low temperatures.

4. Conclusion

This study developed and validated a CFD
model to simulate the kinetic growth,
agglomeration, and deposition of hydrates in CO,
pipelines. The results demonstrate that hydrate
deposition significantly impacts both heat transfer
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CUA HYDRAT TRONG PUONG ONG CO2
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TOM TAT:

Viéc van chuyén CO, qua cdc dudng dng trong hé thdng thu giit va luu trit Carbon (CCS)
gip tré ngai bdi su hién dién cia cdc tap chat, ching han nhu nu6c, ¢6 thé din d&n sy hinh thanh
hydrate CO, trong di€u kién 4p suat cao va nhiét do thdp. Cdc hydrate nay c6 thé can tr§ dong
chdy trong dudng 6ng, din dé€n kém hiéu qui van hanh, sut gidm 4p sudt, va gidm hiéu sult
truyén nhiét. Nghién cttu nay st dung mod phdng dong luc hoc chat 1dng tinh todn (CFD) di dudc
xéc thyc d€ dicu tra cdc cd ché két tu va 1dng dong cla hydrate CO, trong dudng 6ng. Mo hinh
hai pha Eulerian-Eulerian dugc 4p dung, k&t hgp v6i mo hinh cin bing mat do (PBM) dé€ mo
phdng su tuong tdc clia cac hat hydrate. C4c k&t qua nghién cttu gitip hi€u ré hon dic tinh hinh
thanh hydrate trong cdc dudng 6ng CO,.

Tu khéa: hydrate CO,, van chuyén qua dudng 6ng, ling dong, CFD, md hinh Eulerian-
Eulerian, k&t tu hydrate.
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