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Matching relationship between number of underwater
propulsor rotor blades and wake field

CHEN Penglei', LIANG Ning', DING Yongle’, ZHANG Jianwei', LI Jian®, CAO Linlin', WU Dazhuan'

(1. College of Energy Engineering, Zhejiang University, Hangzhou 310027, China;
2. Xi’an Institute of Precision Machinery, Xi’an 710076, China)

Abstract: In order to clarify the matching relationship between the number of underwater propulsor rotor
blades and the wake field, this paper focuses on four underwater propulsors with different numbers of rotor blades
and investigates the correlation mechanism between blade numbers and the characteristics of propulsor—induced
excitation force using numerical simulation methods. The calculation domains of the vehicle and the propulsor
were discretized using a block grid technique. The RANS calculation method and the SST k—w turbulence model
were employed to compute the excitation force of the propulsor. The characteristics of the wake field around the
vehicle were obtained using harmonic analysis. Combining these results with the distribution characteristics of the
propulsor’ s instantaneous flow field, the inherent connection between the propulsor’s excitation force and the
wake field was analyzed. The results show that the wake field of a vehicle with eight appendages has the main cy-
cle of 4, 8, and 12. When the number of propulsor rotor blades is 4a+1(a is any positive integer) , the amplitude
of lateral and vertical excitation force fluctuations of the rotor is relatively large. When the number of propulsor ro-
tor blades is 4a+2, the amplitude of lateral and vertical excitation force fluctuations of the rotor significantly de-
creases, but the amplitude of axial excitation force of the rotor increases, and the peak of pulsation occurs at
twice the blade frequency.Furthermore, the excitation force amplitude of the rotor and guide tube gradually de-
creases with an increase in the number of rotor blades. The study reveals that, for rear—stator pump—jet propul-
sors, the number of rotor blades should avoid the order with larger harmonic components, and the matching rela-
tionship between the number of rotor blades and the wake field will affect the amplitude of rotor and stator fluctua-
tions and the location of peak values. At the same time, increasing the number of rotor blades can effectively re-
duce the amplitude of excitation force fluctuations of the propulsor rotor and guide tube.
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