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ABSTRACT

Multiphase flows with thermodynamic nonequilibrium effects are encountered in various engineering and natural
systems, such as bubbly flows, droplet-laden flows, and phase change processes. To accurately model and simulate
such complex flows, a Discrete Boltzmann Method (DBM) is introduced in this report. The DBM is a kinetic-based
approach that can capture the dynamics of multiple phases and their interactions, including phase change, mass
transfer, and energy exchange. The method is validated through simulations of multiphase flows with phase change,
showing good agreement with analytical solutions. The capability of the DBM to handle thermodynamic
nonequilibrium effects makes it a valuable tool for studying multiphase flows in various engineering and scientific
fields. Unlike traditional continuum-based methods, the DBM can capture the thermodynamic nonequilibrium
behaviors, allowing for a more detailed and accurate description of the flow physics. By accurately modeling these
phenomena, the DBM can provide insights into heat and mass transfer processes, bubble dynamics, and droplet
behavior in multiphase systems. From an academic perspective, the DBM expands the capabilities of existing
modeling approaches and provides researchers with a powerful tool to investigate complex multiphase flow
phenomena. In realistic applications, the DBM can be used to optimize the design and operation of multiphase
flow systems, such as reactors, heat exchangers, and separation processes.
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