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Abstract Accurately balancing numerical stability and resolution remains a major challenge in compressible multiphase flows where
shocks, contact discontinuities, and phase interfaces coexist. To address this issue, a nonlinear local entropy-viscosity-based adaptive
interface-capturing algorithm is proposed. By constructing a generalized entropy function that incorporates the physical characteristics of
phase interfaces and coupling it with a multi-channel discontinuity sensing mechanism, the proposed method achieves unified
identification and classification of shocks, contact discontinuities, and phase interfaces. Furthermore, a nonlinear adaptive allocation
strategy of local entropy viscosity is introduced, in conjunction with directional interface compression, an energy-consistent surface
tension-phase change coupling model, and a dynamic adaptive parameter adjustment technique. This framework significantly enhances
interface resolution while maintaining numerical robustness. A transcritical CO, ejector flow is selected as a representative test case, in
which numerical simulations involving phase change, shock/interface interactions, and nonequilibrium thermodynamic processes are
performed. The results demonstrate that the proposed algorithm can clearly capture multiscale flow structures, with the interface
thickness consistently maintained within 2-3 grid cells. The mass and energy conservation errors are both below 1%, indicating superior
accuracy and reliability in complex multiphase flow fields characterized by strong gradients and multi-physics coupling. The proposed
method therefore provides a generally applicable high-resolution numerical tool for multiphase flow simulations in practical engineering
applications.
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