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Abstract: In order to study the effects of subgrid—scale model on the prediction result of unsteady flow field
and broadband unsteady force, a numerical calculation model of pump—jet propulsor with submarine was estab-
lished using block—structured grids and large eddy simulation was carried out. The calculated quantity of un-
steady flow field at the stern and unsteady loadings on rotor by three different subgrid—scale models were com-

pared. The intrinsic connection between internal flow of pump—jet propulsor and broadband unsteady force was
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analyzed. The study shows that all the three subgrid—scale models enable the broadband humps at blade passing
frequency in unsteady thrust spectra and the overall trends are similar. The distribution of turbulence intensity
and scale upstream the rotor is sensitive to subgrid—scale model, among which Smargrinsky—Lilly model predicts
stronger turbulence intensity, larger scale, higher spectral magnitude in nonequilibrium region and more rapid
decline from low frequency to high than other two models. Meanwhile, Smargrinsky-Lilly model predicts broader
separation regions and more scattered vortex shedding from the trailing edge of stator, making the spatial distribu-
tion of inflow upstream the rotor more inhomogeneous. The spectrum of unsteady thrust from Smargrinsky-Lilly
model has apparent line—spectrum components and ‘steep’ humps at blade passing frequencies. While the spec-
tra calculated from WALE and KET model show more apparent broadband characteristics and these two models

are more suitable to predict the broadband unsteady force for this issue, when compared with experimental result
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of unsteady thrust.
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Fig. 1 Schematic of models

Table 1 Main parameters of models

Parameter Value

Stator radius R /mm 110

Blade number of stator 13

Rotor radius R/mm 100

Blade number of rotor 7

Velocity v/(m/s) 2.0

Rotating speed n/(r/min) 10
Length of suboff L/mm 4355
Maximal diameter of suboff D /mm 507.8
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