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Abstract

The performance and reliability of aircraft engines can be severely affected by foreign particles en-
trained in the intake airflow. When operating in particle-laden environments, such as dusty, sandy, or
volcanic regions, engines may experience rapid erosion, material deposition, or structural damage, poten-
tially leading to significant performance degradation or even failure within minutes of exposure. To inves-
tigate this problem, we performed two-dimensional numerical simulations using an Eulerian-Lagrangian
approach implemented in an OpenFOAM-based solver. The simulations focused on sand ingestion in a
turboshaft engine and the associated erosion of compressor blades. The compressor blade geometry, based
on Rolls-Royce M250 turboshaft engine, was reconstructed using publicly available sources. A simplified
configuration consisting of an isolated compressor blade was considered and exposed to a steady-state,
sand particle–laden flow which was considered as dilute, one-way coupled. The initial sand particle distri-
bution was adopted from experimental data reported by Olshefski (2023), obtained at Virginia Polytechnic
Institute and State University. Blade erosion was quantified using the Finnie (1960) erosion model. The
simulations were conducted for both uniform and non-uniform inlet particle distributions at the same
angle of attack. Under uniform distribution, erosion occurred predominantly along the leading edge on
the suction side of the compressor blade. In contrast, when the particle distribution was non-uniform, the
region of maximum erosion shifted toward the trailing edge. These findings demonstrate that the spatial
distribution of sand particles at the inlet plane plays a critical role in determining the location and in-
tensity of blade erosion. These findings improve the understanding of erosion mechanisms in compressor
blades operating under particle-laden conditions and highlight the importance of particle distribution.
The results are expected to provide useful guidance for the design and safe operation of turbomachinery
exposed to harsh environments, as well as for erosion mitigation strategies in related engineering appli-
cations. The present simulations also suggest that particle incidence angle influences erosion intensity.
Therefore, future work will systematically investigate both uniform and non-uniform particle distributions
under varying angles of attack to further quantify the role of incidence angle in erosion localization and
severity. Keywords: Compressor blade erosion, Eulerian-Lagrangian Methods, 1-way coupled multiphase
flow, OpenFOAM
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