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Abstract

As an important unconventional energy source, the efficient development of shale oil is crucial for
alleviating energy pressure. However, the complex nanoporous structure and multiphase, multi-
component fluid coexistence of shale reservoirs make it difficult for traditional macroscopic
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theories to reveal their flow laws. Molecular dynamics simulation has become a key means to study
nanoscale transport mechanisms. Current research has made progress in shale oil nanoporous struc-
ture modeling, adsorption behavior, and CO: displacement process simulation, finding that pore
size, mineral type, and fluid composition have a significant impact on the occurrence state and flow
characteristics of shale oil. However, problems still exist, such as insufficient accuracy in character-
izing complex mineral surface interactions, poor adaptability of nanoporous boundary conditions,
and unclear understanding of the microscopic mechanisms of multi-component fluid phase behav-
ior. Future research should focus on developing dedicated force fields, optimizing dynamic bound-
ary conditions, analyzing multi-component transport mechanisms, and constructing multi-scale
coupling platforms. By combining experimental data with simulation methods, we can enhance the
ability of molecular dynamics simulations to elucidate the microscopic mechanisms of shale oil ex-
traction, providing theoretical support for reservoir stimulation and enhanced oil recovery tech-
nologies.
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