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Abstract: In order to study the effects of micro-defects caused by erosion wear and cavitation on flow
field law and fluid energy conversion characteristics after long-term service of the nozzle-receiver pilot stage
of the jet pipe servo valves. Micro-PIV technology was used to directly test the flow structure and vortex
distribution in the square cavity when the original mesoscopic close-range jet impacted the micro-defect tar-
get plate. The influences of micro-defect size, shape, and location on vortex morphology and the evolution
were investigated, and the underlying mechanism governing the splitting and merging phenomena of vortex
cores within a square cavity were elucidated. The results show that the existence of wall micro-defects di-
rectly affects the energy transfer and dissipation of the wall jets, leading to a significantly different vortex
structure and energy distribution in the jet gap and square cavity than that when there are no defects. As the
size of the micro-concave increases, the circular-like vortex pairs in the square cavity on both sides show a
tendency to gradually split and move away from the bottom wall. While as the size of micro-convex in-
creases, the cocoon-like vortex pairs in the square cavity on both sides show an evolutionary law of gradu-
ally normalization and moving closer to that of the bottom wall.

Key words: jet pipe servo valves; meso scale; impingement jet; micro-defect; micro-particle image
velocimetry(Micro-PIV)
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Fig.1 Integrated block 3D-CAD explosion diagram
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Fig.2 Diagram of jet impingement on micro-defect target plate
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Fig.4 Impact jet test system
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Fig.6 Time-averaged velocity field inside the cavity under different micro-defects( F{/d=2.5)
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Fig.7 Vortex distribution inside the cavity under different microdefects( H/d=2.5)
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Fig.9 Vortex distribution inside the cavity under different sizes of micro-defects
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Fig.11 Vortex distribution inside the cavity under different micro-defect positions(D/d = 4)
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