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Abstract: To elucidate the complex gas-liquid two-phase cavitation mechanism and the resulting
wall erosion mechanism in high-pressure nozzles, high-speed microscopic imaging was combined
with multiphase flow numerical simulations. The transient evolution of cavitating flow regimes
and macroscopic characteristics of near-field spray for three orifice lengths (2. 04, 3. 06, and 4. 08
mm) were analyzed, and the cavitation erosion risk induced by near-wall bubble collapse was
quantitatively assessed. The results indicate that the orifice length significantly affects cavitation
development and flow regime evolution. In the short orifice, cavitation inception occurs earlier and rapidly

develops into a supercavitation regime with the highest cloud cavitation shedding frequency (approximately
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18 kHz) , with a peak spray cone angle of approximately 26° and an average value of approximately 18.

83°. As the orifice length increases to 3. 06, 4. 08 mm, the cloud cavitation shedding {requency decreases

to approximately 15, 10 kHz, respectively, and the corresponding average spray cone angles are

approximately 13. 0° and 15. 6°. In the long orifice, intense vortex cavitation is induced by strong

vortices, causing violent fluctuations in the spray cone angle. Furthermore, the influence of orifice length

on cavitation erosion risk is nonlinear. The short orifice exhibits a high erosion risk over a large area due

to the high-frequency shedding of cloud cavitation. The long orifice expands the risk area due to the

superposition of geometric and vortex cavitation. In contrast, the medium-length orifice presents the

lowest cavitation erosion risk owing to a relatively stable supercavitation flow regime. Therefore,

in nozzle structural optimization, the orifice length can be utilized to synergistically regulate flow

characteristics, spray morphology, and cavitation erosion risk.
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Fig. 1 Schematic of the experimental setup for internal flow

and spray visualization of a high-pressure injection nozzle
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Fig. 2 Metal nozzle processing process and the optical nozzle
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Fig. 4 Post-treatment method of cavitation strength
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Fig. 7 Comparison of numerical simulation and optical results

of characteristics of in-nozzle cavitation flow
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Fig. 8 Characteristics of cavitation inception inside the nozzle

holes with different lengths
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nozzles with different orifice lengths during a whole

injection process
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Fig. 13 Characteristics of cavitation and flow inside the

nozzle holes with different lengths
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Fig. 14 Transient variation of spray cone angles and needle

lift for nozzles with different orifice lengths
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Fig. 15 Influence of in-hole cavitation instability on the spray

cone angle
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Fig. 16 Predicted cavitation erosion risk in nozzle holes with

different hole lengths
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