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Abstract: To study the cavitation and erosion mechanisms of gas-liquid two-phase flow in nozzles, this
paper combines high-speed microscopic imaging and numerical simulation to analyze the transient
evolution of cavitating flow and the macroscopic characteristics of near-field spray in nozzles of
different lengths (2.04 mm, 3.06 mm and 4.08 mm), and to assess the erosion risk of the nozzle hole
wall. Results show that the needle of the nozzle with the shortest holes moved most quickly, with the

largest lift. That cavitation inception occurred earlier, readily developing into the super cavitation
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regime. Consequently, the flow turbulence was strong and the spray cone angle increased. By contrast,
cavitation in the nozzle with the longest holes was suppressed, evolving slowly into super cavitation but
accompanied by obvious vortex cavitation. The spray cone angle increased and fluctuated in response to
the intensity of the vortex cavitation. The frequency of cloud cavitation shedding decreased with
increasing nozzle hole length, being approximately 18000 Hz for short holes, and reducing to 15000 Hz
and 10000 Hz when the hole length increased to 3.06 mm and 4.08 mm, respectively. Moreover, the
influence of nozzle hole length on cavitation erosion risk was nonlinear. For the nozzle with the shortest
holes, the risk was high in most areas due to strong cloud cavitation shedding, and it decreased after
cavitation developed into super cavitation. In the nozzle with long holes, the strong flow vorticity and
the superposition of geometric and vortex cavitation expanded the risk area but reduced its intensity.
However, for medium- to long-range holes, the cavitation erosion risk was mainly concentrated
downstream of the cavitation zone and extended along the wall in the mainstream, with an overall lower
intensity. Nozzle hole length significantly affected cavitation flow characteristics and could be used to
coordinate the regulation of flow characteristics, spray morphology and cavitation erosion risk,
providing a new idea for nozzle structure optimization.
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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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