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Abstract: Ultra-high-pres§ure (WU HP) water jetting is widely applied in ship rust removal due to its high energy density and eco-
friendly characteristies”Howgyer, the influence of nozzle rotational motion on the impact characteristics of water jetting requires
further investigation. SLo Clarify the specific mechanism of the rotational effect on the flow field, a comprehensive numerical
simulation framework was developed. This framework coupled the mixture multiphase model, a cavitation model, and the
Volume of Fluid (VOF) method to capture the rapid phase change and transient gas-liquid interfaces. The sliding mesh technique
was utilized to dynamically resolve the physical rotation of the domain, while taking into account the compressibility of the high-
velocity liquid phase under extreme pressure conditions. A precise three-dimensional computational fluid dynamics model of a

straight conical convergent nozzle, comprising both rotational and stationary sub-domains, was constructed. Under various nozzle
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rotational speeds, the variations in crucial fluidic and mechanical variables, including flow field morphology, spatial turbulent
kinetic energy, and wall shear stress on the target surface, were simulated, extracted, and systematically analyzed.The results
indicate that nozzle rotation induces varying degrees of asymmetry in the jet flow field, causing the high-speed jet core to deviate
from the geometrical axis, which is accompanied by shear layer thickening and an expanded turbulence range. As the nozzle
rotational speed increases, the peak shear stress of the jet impact gradually decreases due to rotational energy dissipation. To
maximize operational efficiency in rust removal, a quantitative evaluation method based on the "sweep time—sweep length—
translational speed" relationship was further established. By introducing a minimum sweep time constraint to ensure sufficient
contact duration, this method quantitatively analyzed the nonlinear coupling relationship between nozzle rotational speed and
translational speed. Using the theoretical maximum translational speed as an optimization criterion, the optimal range of nozzle

rotational speeds was successfully determined. These findings provide a theoretical basis and praclifl guidelines for the design
of process parameters in UHP water-jet cleaning systems. 0
Keywords: Simulation analysis; rotating jet; flow profile; sweep impinging; nozzle efficiency 6@
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