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Abstract: The cooling system can be carried out by the flow pressure difference through the outside protru-
sion of an underwater vehicle. This system can prevent the low line frequency pipe noise from the pump ’s ex-
citation. However, the protrusion is external, generating the hydrodynamic noise and destroying the acoustic
stealth of underwater vehicles. Two protrusion models with a rectangular inlet and a circular inlet were creat-
ed. The flow field and sound field were numerically calculated. The generation property of the hydrodynamic
noise from the two protrusions on the condition of different flow velocities was analyzed. It is indicated that
the total radiated sound power of the protrusion with the rectangular inlet is slightly lower than that with the
circular inlet. To further reduce the hydrodynamic noise, the protrusion with the rectangular inlet was carried
out by the flow control through the serrations. The noise reduction effect of the protrusion with the rectangular
inlet by the leading—edge serrations is better than that by the tail-edge serrations. The optimized parameters

of the serrations were summarized. To validate the numerical calculation results, four protrusion models were
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designed and fabricated, and the experimental tests were done in the gravity low—noise water tunnel. The re-
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sults show that the protrusion with the rectangular inlet by the serrations optimization has a better noise re-

duction effect in the frequency range from 10 Hz to 2000 Hz. The results in this paper can provide some refer-
ences for the low—noise design of protrusions of underwater vehicles.

Key words: underwater protrusion; hydrodynamic noise; flow control; serration structure
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Fig.6 Flow field distribution of the rectangular inlet protrusion
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Fig.7 Flow field distribution of the circular inlet protrusion
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versus the frequency
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Fig.11 Flow field distribution of the rectangular inlet protrusion with the leading—edge serrations
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Tab.2 Radiated sound power from the rectangular inlet protrusion and the

protrusion with the leading—edge serrations of different amplitudes
and the noise reduction levels (dB)
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Tab.3 Radiated sound power from the rectangular inlet protrusion and the
protrusion with the trailing—edge serrations of different wavelengths
and the noise reduction levels (dB)
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Tab.4 Radiated sound power from the rectangular inlet protrusion and the

protrusion with the trailing—edge serrations of different amplitudes
and the noise reduction levels (dB)

SRR DR e M i SRS DR o M i
(10 Hz~2 kHz) (10 Hz~2kHz) (500 Hz~2 kHz) (500 Hz~2 kHz)
SRR A 143.1 \ 124.1 \
0.9 em 4t 139.4 3.7 122.4 1.7
1.2 em Hith 141.3 1.8 125.3 -1.2
1.5 em Hith 145.2 -2.1 128.7 -4.6
1.8 cm ¥ 1A 148.1 -5.0 134.9 -10.8
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Fig.16 Photo of the protrusions Fig.17 Connecting block diagram of test system
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Fig.18 Radiated sound power from the rectangular inlet and the circular inlet protrusions under

different flow velocities vs. frequency
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Tab.5 Total radiated sound power level of the hydrodynamic noise from

the rectangular inlet and the circular inlet protrusions
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Fig.19 Vibration analysis of the two protrusions at the flow velocity of 7.72 m/s
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Fig.20 Comparison of the radiated sound power between the rectangular inlet protrusions with the

leading—edge serrations and the trailing—edge serrations at different flow velocities
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Tab.6 Total sound power level of the hydrodynamic noise from the rectangular

inlet protrusion and the rectangular inlet protrusion with different kinds

of serrations
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