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Research on influence of pre-swirl stator on hydrodynamic performance of
rim-driven thruster
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(1. China Special Vehicle Research Institute, Jingmen 448035, Hubei China;
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Abstract Based on the Reynolds-averaged Navier-Stokes (RANS) and detached eddy simulation (DES) methods, combined with
experimental testing, numerical models for steady and unsteady calculations of the rim-driven thruster (RDT) were respectively
established. The hydrodynamic performance and flow field responses of the RDT at various pre-swirl angles were systematically
analyzed. Results show that the multi-dimensional regulatory effect of the pre-swirl angle a on the RDT performance is present, and
an pre-swirl angle range for optimizing the overall efficiency exists. As the pre-swirl angle increases, the propeller inflow is
significantly improved, the tangential velocity and effective attack angle are increased, and thereby thrust and torque are enhanced,
with the thrust increase being most significant in the region near 0.7 blade radius. It is shown by unsteady analysis that the
interference between the stator and rotor is intensified as the pre-swirl angle increases, leading to enhanced thrust fluctuations, which
are particularly severe at a=11°. The pulsation energy is concentrated at the characteristic frequency of the pre-swirl stator (fpg).
The flow field structure undergoes significant changes in three dimensions: the pre-swirl effect is weakest near the blade tip, where
the velocity distribution is most irregular; the tangential velocity is the most sensitive , followed by the axial component.
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