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Figure 1 (Color online) Schematic diagram of high-speed jet erosion test system. 1, Water mixing tank; 2, jet nozzle; 3, control valve; 4, ball valve;
5, plunger pump; 6, agitator; 7, cooling device; 8, temperature sensor; 9, pressure gauge; 10, pressure stabilizing tank; 11, anti-sediment nozzle;

12, flowmeter; 13, erosion test water tank; 14, adjustable fixture
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Figure 2 (Color online) High-speed jet erosion test system.
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Figure 3 (Color online) Impact test chamber.
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Figure 4 (Color online) Median particle size and particle size
distribution.
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Figure 5 (Color online) Microscopic morphology of quartz sand
under SEM.
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Table 1 Parameters of experimental conditions
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Figure 6 (Color online) Macroscopic morphologies of X3CrNiMo13-4

after impact wear at different impact angles. (a) 90° clear water; (b) 30°;
(c) 45°; (d) 60°; (e) 75°; (f) 90°.
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Figure 7 Variation of the average wear rate of X3CrNiMo13-4 with

impact angle.
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Figure 8 (Color online) Three-dimensional wear morphology of X3CrNiMol3-4 stainless steel under different impact angles and clear water

conditions.
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Figure 9 (Color online) Angle-dependent wear topography profiles
for X3CrNiMo13-4.
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Figure 10 (Color online) Variation of the wear area of X3CrNiMo13-4 with different impact angles.
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Figure 11 (Color online) Division of 90° jet wear area.
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Figure 12 (Color online) Microstructure characteristics of the four

wear regions under 90° jet impact.
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Figure 13 (Color online) Microscopic morphology of 4 wear areas
under SEM.
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Figure 14 (Color online) Microscopic morphology of 4 wear areas
under SEM.
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Figure 16 (Color online) Schematic diagram of wear area division under 45° impact angle.
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Damage characteristics and mechanisms of Pelton turbine’s substrate
material under sediment-laden jet impact at various angles

GUO PengChengl’z, SUN ShuaiHui'?, WANG ZhaoNing3, GONG Sheng3 & LUO XingQil’2

! State Key Laboratory of Water Engineering Ecology and Environment in Arid Area, Xi'an University of Technology, Xi'an 710048, China
* School of Water Resources and Hydroelectric Engineering, Xi'an University of Technology, Xi’an 710048, China
} Dongfang Electric Corporation Dongfang Electric Machinery Co., Ltd., Deyang 618000, China

Erosion-wear experiments were carried out on the impulse-turbine substrate stainless steel X3CrNiMo13-4 under sand-laden jet
impingement at different impact angles. The damage characteristics and underlying mechanisms were investigated using gravimetric
mass-loss measurements, depth profiling, and micro-morphology analyses. Both the cumulative mass loss and the average wear rate
exhibited a non-monotonic dependence on impingement angle, increasing initially and then decreasing, with a maximum at 45°. The
peak at 45° is attributed not only to intensified erosion but also to a pronounced in-plane expansion of the damaged footprint, which
enlarges the effective interaction area and increases the cumulative material removal per unit time, thereby resulting in the maximum
average mass loss. At 30°, the wear scar presented as a narrow groove-like deep crater, and the groove boundaries expanded laterally
as the impingement angle increased. At an impingement angle of 60°, protrusions appeared at the crater rim due to the jet stagnation
effect; with further increases in angle, these protrusions migrated from the crater edge toward the jet center. Under high-angle
impingement (e.g., 90°), particle motion was strongly influenced by flow stagnation, leading to impacts at spatially varying local
angles and forming four characteristic zones—jet center, near-center, far-center, and peripheral flat zones—corresponding
respectively to pitting, lip formation, ridge-groove features, and scratching. Under low-angle impingement (e.g., 45°), two regions
were identified: an upstream Region I, where particles impinged at relatively higher local angles and generated abundant extruded lips
accompanied by pronounced material removal, and a downstream Region II, where particles ploughed the surface at low angles along
streamlines, producing ridge—groove features aligned with the scouring direction. These findings provide a mechanistic basis for anti-
erosion design and protective strategies for impulse-turbine components operating under sand-laden flow conditions.

substrate material of Pelton turbines, high-velocity sediment-laden jet, impact angle, impact wear
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