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Abstract: To evaluate the resolution capability and applicability of different turbulence models in
analyzing the transient evolution characteristics of cloud cavitation in nozzles, this study employs
numerical simulations combined with a cavitation multiphase flow model to compare the performance of
the shear stress transport (SST) kw Reynolds-averaged Navier-Stokes (RANS) model, large eddy
simulation (LES), delayed detached-eddy simulation (DDES), and very large eddy simulation
(VLES). The results show that the SST k- model offers high computational efficiency but fails
to accurately capture transient behaviors such as cloud cavitation shedding and collapse due to its

time-averaged treatment. In contrast, the LES model precisely resolves small-scale vortex structures and
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transient pressure fluctuations, reproducing the full-cycle evolution of cloud cavitation, with
simulation results closely matching visual experimental data. However, its computational cost
exceeds that of the SST k-w model by more than four times. DDES, due to the employment of
RANS in near-wall and low-vorticity regions, exhibits limited accuracy in predicting shedding
processes, re-entrant jets and high-frequency pressure responses. VLES, based on a scale-adaptive
dynamic hybrid RANS-LES approach. significantly reduces computational costs, approximately
30% less than LES,while maintaining high resolution of shedding details. Furthermore, Fourier
transform analysis based on pressure fluctuations reveals that VLES predicts the dominant

shedding frequency of cloud cavitation with less than 5% deviation from experimental data,

validating its accuracy and efficiency in cloud cavitation modeling and demonstrating its potential

for engineering applications.
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Fig. 1 Nozzle geometry and calculation grid x=0. 75 mm
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Fig. 2 Energy spectrum of the resolution control function
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Fig. 5 Transient properties of cloud cavitation cycle shedding under different turbulence models
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