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Abstract

Water-jet propulsion operating at low flow rates may cause flow separation at the back of the
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blades due to the increase of angle of attack of the inflow. This can lead to internal unstable flow.
In order to investigate the flow characteristics, a complete 3D waterjet propulsion system model,
including inlet pipe, impeller, and nozzle, was established. Computational fluid dynamics (CFD)
with the SST k-w turbulence model was used to numerically simulate the internal flow field of the
waterjet propulsion under various operating conditions. The results showed that with decreasing
flow rate, the head and efficiency curves of the impeller decrease significantly, showing a tent-
shaped slope. At the design operating condition, the internal flow of the impeller is stable and
changes little over time. In the critical stall condition, the vortex core shape inside the guide vanes
changes continuously over time. In the deep stall condition, the internal velocity and pressure of
the impeller become chaotic. Regarding pressure pulsation, the main frequency of pressure pulsa-
tion at all positions inside the impeller is blade frequency at the design operating condition. From
the inlet of the impeller to the outlet of the guide vanes, the dominant effect of the blade passing
frequency gradually weakens, and the amplitude of pressure pulsation gradually decreases. The
amplitude of pressure pulsation at all positions under stall conditions is higher than that under
design conditions, and the pulsation spectrum becomes chaotic and with low-frequency characte-
ristics.
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Figure 1. 3D model of water jet propulsion
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2. HEE

DOI: 10.12677/mo0s.2023.123261 2841 A ()


https://doi.org/10.12677/mos.2023.123261

HRIK 2

2.2. PRI B AT S

K4z E s R R 2- B ANSY'S TurboGrid i8I L K 5 i DCHEAT 45 K4 4 75 T s 1o s i) 7
RePE o S e BB S BRI DX AT I y+{E/N T 30, A At A 2R AR SR AR . BT K iiE
Lozl k2T ICEM CFD HEATZ5 AN TR RIS RI 73 o WK E 25 4% S0 RIS A ] 3 P

(a) M (b) Tt

(c) #EAKIAIE (d) AREIL TR MIA%

Figure 3. Grid partitioning
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Figure 4. Geometric model and computational domain of VP1304 propeller
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Figure 5. Grid of computational domain
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Figure 6. Open-water performance
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Table 2. Error analysis
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0.8 0.510 0.506 0.69 1.178 1.211 2.73
1.0 0.399 0.391 2.04 0.975 1.006 3.17
1.2 0.295 0.283 4.09 0.776 0.792 2.03
14 0.188 0.179 4.75 0.559 0.555 0.67
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Figure 7. Characteristic curve
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Figure 8. Internal flow streamline diagram of impeller and guide vanes under different operating conditions
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Figure 10. Instantaneous velocity streamline diagram of TS1 section under different operating conditions
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Figure 11. Instantaneous velocity streamline diagram of TS2 section under different operating conditions
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Figure 12. Instantaneous velocity streamline diagram of TS3 section under different operating conditions
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Figure 13. Monitoring point schematic diagram
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Figure 14. Frequency domain diagram of impeller inlet pressure pulsation under different operating conditions
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