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Numerical prediction of particle trajectories in an erosion experiment
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Abstract: It is necessary to study the erosive wear caused by conveying granules, but it is difficult to track particles
trajectories which are required for erosion prediction, especially in shot blasting experiments. In an erosion test, marine sand
grains are ejected from a sand-blasting gun and impact Q235 steel plate. The impinging velocities and impinging locations of
the sand grains with different inlet air pressure are measured statistically. The two-way coupling process inside or outside the
blast nozzle between sand grains and high-speed compressible air are numerically simulated to numerically describe the
trajectories of particles. In this simulation case, some approaches are studied and compared with the experimental results.
Considering the influence of compressible air on the boundary flow separation of the sand, a new drag law, for the case that the
relative Mach number of irregularly shaped particles is approximate to 1, is proposed by making drag coefficient change with
the relative Mach number. Local slopes, the angle of which is random, are assumed on the wall to simulating the rough wall
rebound effect. The mean value of the slope angles is 0° and the standard deviation is 20°. Magnus lift force is also integrated
into the numerical simulation to enlarge the jet angle of particles and make the erosive scar larger. By combining the
nonpherical high Mach number drag law, rough wall model and Magnus lift force model, the simulation achieves satisfying
result, in which the velocity magnitudes and impinging location distribution of particles agree well with the experimental data.
It indicates that the particles trajectories in simulation are also roughly coincident with the real ones in experiment. This work
proves tracking approaches affect the particles trajectories significantly and provides a valid tool to summarize and verify the
erosion formula or to predict erosive wear.
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Fig. 1 Diagram of the air-blasting-sand erosion experimental setup
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