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Abstract; Aiming at the engineering-research requirements of solid-fuel pulse detonation engines, most
existing numerical simulations adopt two-dimensional or inviscid simplifying assumptions, neglecting fluid
viscosity and three-dimensional flow-field coupling effects. Consequently, they cannot accurately
characterize the influences of tube-wall boundary layers and viscous dissipation on detonation
propagation, pressure distribution and velocity fields. Accordingly, this paper conducted numerical
simulation research on three-dimensional two-phase aluminum-particle/air detonation with fluid viscosity
taken into account. In this work, gas viscosity was fully incorporated into the modelling framework ,and a
mathematical model for three-dimensional viscous two-phase aluminum-particle/air detonation inside a
cylindrical detonation tube was established in the cylindrical coordinate system. High-precision numerical
simulation of the full process of three-dimensional viscous two-phase detonation was implemented based on
the CE/SE( Conservation Element and Solution Element) method. From simulation results, the temporal-
spatial evolution of detonation-wave pressure fields and gas-solid two-phase velocity fields at different
instants was systematically analyzed. Full-stage characteristics covering ignition, compression-wave

superposition, DDT ( Deflagration-to-Detonation Transition ) and self-sustained stable detonation
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propagation were obtained. Flow-field differences under viscous and inviscid conditions were compared to

reveal the action mechanism of fluid viscosity on detonation-wave propagation velocity , peak pressure and

near-wall flow-field parameters. Calculation results demonstrate that the proposed model can precisely

capture the strong-discontinuity features of two-phase detonation. It provides important theoretical support

for improving the multiphase detonation theoretical system of aluminum-particle/air detonation and

uncovering the inherent mechanism of aluminum-particle DDT , as well as furnishing a theoretical basis for

the optimal design of pulse detonation engines.

Key words : pulse detonation engine ;aluminum powder/air ; three-dimensional two-phase detonation ; CE/

SE method ; fluid viscosity ; gas-solid two-phase flow
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