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Numerical Study for the Influence of Environment Temperature on Offshore Arctic Pipeline and

Impingement Erosion Analysis by using Thermal Flow Simulation
Chul Hee Jo' - Jun-Ho Lee' - Choon-Man Jang® - Su-Jin HeangT
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Abstract: This paper describes thermal flow characteristic in various pipelines: straight pipeline and curved pipeline. In the
Arctic and ocean area, pipelines are exposed to a extremely low temperature (0 ~ -40°C). In this situation, three-dimensional
flow analysis should be analyzed to investigate thermal effects such as pressure drop, temperature change, velocity deficit and
distribution change of liquid droplet of internal fluid. Also, due to freezing of water droplet, impingement erosion is expected
in the curved pipeline. The stability of the pipelines can be influenced by impingement erosion. In this paper, multi-phase and
multi-species analysis was introduced to analyze the flow characteristics and impingement erosion of Arctic and ocean pipelines.
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Figure 1: Grid dependency test (straight pipeline)
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Figure 2: Mesh (straight pipeline)

Table 1: Mesh information

Node Elements | Max. y+ | Mesh Type Tool

3,122,000 | 3,038,480 | 492 | structural | ICEM CFD

(@wall mesh tool
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Table 2: Natural Gas Composition Ratio (straight line)

Component Overall Composition
CO2 0.0032
N2 0.0101
Cl 0.7557
C2 0.1122
C3 0.0778
i-C4 0.0078
n-C4 0.0171
i-C5 0.0028
n-C5 0.0031
n-C6 0.0041
C7+ 0.0061
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Figure 3: CFD validation
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Figure 4: Pressure distribution (straight pipeline)
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Figure 5: Phase 2 (water) volume fraction distribution
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Table 3: Mesh information

Radius Node Elements | Max. y+ | Mesh Type
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Figure 10: Erosion rate (5D)
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