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Abstract: As a key clean energy source in the process of optimizing China’ s energy structure and promoting the
“dual carbon”  goals, the long-distance transmission efficiency and safety guarantee of natural gas have become the core
issues of concern in the industry. Under typical working conditions such as cryogenic, high-pressure, and multiphase mixed
transportation, natural gas hydrates are highly prone to form in long-distance pipelines and cause blockages, seriously
threatening the operational stability of the system. Centering on the formation mechanism of natural gas hydrates, this paper
systematically analyzes its thermodynamic and kinetic conditions, sorts out the nucleation-growth coupling path under
complex working conditions, and further explains its distribution law and risk inductors in long-distance pipelines. On this
basis, the research focuses on multi-dimensional prevention and control technologies such as thermodynamic suppression,
kinetic suppression, process optimization and intelligent monitoring, and clarifies the adaptability and limitations of each

technical path under actual working conditions.
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