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Numerical Simulation of Leakage Processes in Subsea Qil and Gas

Multiphase Pipeline Under Different Flow Patterns

WU Kaixuan, ZHANG Jun
(College of Marine Equipment and Mechanical Engineering, Jimei University, Xiamen 361021, China)

Abstract: Considering different flow patterns within the pipeline, numerical simulations of the leakage
process in underwater oil and gas mixed transportation pipelines were conducted based on Fluent. The simula-
tion results demonstrate that the two-dimensional pipeline model accurately reproduces four typical flow pat-
terns in horizontal pipelines: bubble flow, stratified flow, slug flow, and annular flow. The leakage and diffusion
process under different flow patterns can be classified into two categories: bubble flow primarily forms a jet
leakage with oil as the main component and entrained gas bubbles, while stratified flow, annular flow, and slug
flow mainly form a jet leakage dominated by high-speed gas with entrained small liquid droplets. Gas leakage
exhibits higher jetting rates, diffusion speeds, and ranges. In the gas-dominated leakage process, the gas equiva-
lent velocity inside the pipeline has a minor impact on the initial morphology of oil and gas diffusion. Specific-
ally, under bubble flow, continuous jetting of a mixed liquid column is observed; under stratified flow, a liquid
peak is induced, leading to continuous leakage of gas entrapped with oil, resulting in a relatively smaller leak-
age morphology. Slug flow, due to its intermittent alternating flow, causes small oil spillage as the liquid slug re-
gion passes through the leakage orifice, maintaining gas-dominated leakage. Similarly, under annular flow, gas

leakage predominates, with oil leaking through micro-holes on the pipe wall while dispersed liquid droplets in
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the gas core remain unaffected.
Keywords: oil and gas two-phase flow; Fluent; multiphase pipeline; oil and gas leakage; numerical simula-

tion
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Fig.3 Mandhane flow pattern map
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Fig.4 Simulation results of oil and gas two—phase flow patterns in multiphase pipelines
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Fig.5 Oil-gas-water distribution under bubble flow pattern
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Fig.6 Oil-gas-water distribution under stratified flow pattern
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Fig.7 Oil-gas-water distribution under segment plug flow pattern
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Fig.8 Oil-gas-water distribution under annular flow pattern
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