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Table1 Comparison of total resistance values on model surfaces calculated with different grid schemes versus experimental

values
YIS P 1% % V' THELEA B JME/N B BH I E/N RS BRZE%
Grid 1 5.30x10° 50 108.44 101.8 6.52
Grid 2 8.70x10° 50 104.56 101.8 2.71
Grid 3 1.79x10¢ 50 103.45 101.8 1.62
Grid 4 2.64x10° 50 102.29 101.8 048
Grid 5 3.71x10° 50 102.29 101.8 048
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Table 2 Comparison of surface resistance values calculated with different y* grid model versus experimental values

T & 54 3 450 y HEBE /N I BE I fE/N AR 22 /%
6 2.64x10° 15 109.37 101.8 7.44
7 2.64x10° 25 105.40 101.8 3.54
4 2.64x10° 50 102.29 101.8 0.48
8 2.64x10° 75 104.43 101.8 2.18
9 2.64x10° 100 105.12 101.8 3.26
10 2.64x10° 125 105.71 101.8 3.84
11 2.64x10° 150 106.41 101.8 4.53
12 2.64x10° 175 107.03 101.8 5.14
13 2.64x10° 200 107.07 101.8 5.18
14 2.64x10° 300 108.76 101.8 6.84
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Fig. 4 Submarine acoustic field computational domain
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Similarity law research of submarine flow-induced noise

SONG Yang', MING Pingjian”

1 College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China
2 School of Advanced Energy, Sun Yat-Sen University, Shenzhen 510275, China

Abstract: [ Objective | This study aims to investigate the similarity laws of submarine flow-induced noise
with a view to enhancing the assessment accuracy of submarine stealth performance. [ Methods ] A flow
field simulation of the SUBOFF submarine model is conducted using the incompressible SIMPLEC algorithm
in conjunction with the k—& turbulence model. The flow-induced noise is calculated via the Kirchhoff-Ffowcs
and Williams-Hawkings (K-FWH) acoustic model. The impact of these factors on the similarity characteris-
tics of submarine flow-induced noise is comprehensively analyzed by considering them, such as appendages,
Mach number, Reynolds number (indicating model scale), and radius of acoustic monitoring points. The simi-
larity laws of flow-induced noise are summarized with corresponding expressions established. [ Results ]
The results show that the appendages have a limited impact on the similarity laws, and the frequency of sub-
marine flow-induced noise follows the Helmholtz number similarity law. In the mid-to-low frequency range,
the sound pressure level (SPL) similarity law is closely correlated with the sixth power of the Mach number
and the square of the model scale. However, in the high-frequency range, due to intensified scale effects, the
SPL similarity law deviates slightly. [ Conclusion ] The findings of this study provide a solid theoretical
foundation and technical support for the prediction, assessment, and stealth design of submarine flow-induced
noise. Future work can further refine the models to improve prediction accuracy.

Key words: submarines; acoustic noise; hydrodynamic noise; noise abatement; scale effect; similarity
law; sound pressure level; unsteady flow field; SUBOFF; SIMPLEC algorithm; K-FWH model
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