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Abstract @ Underwater noise radiated from submarines is directly related to the probability of being detected by the sonar of an enemy vessel.
Therefore, minimizing the noise of a submarine is essential for improving survival outcomes. For modern submarines, as the speed and size of a
submarine increase and noise reduction technology is developed, interest in flow noise around the hull has been increasing. In this study, a noise analysis
technique was developed to predict flow noise generated around a submarine shape considering the firee surface effect. When a submarine is operated
near a free surface, turbulence-induced noise due to the turbulence of the flow and bubble noise from breaking waves arise. First, to analyze the flow
around a submarine, VOF-based incompressible two-phase flow analysis was performed to derive flow field data and the shape of the free surface around
the submarine. Turbulence-induced noise was analyzed by applying permeable FW-H, which is an acoustic analogy technique. Bubble noise was derived
through a noise model for breaking waves based on the turbulent kinetic energy distribution results obtained from the CFD results. The analysis method

developed was verified by comparison with experimental results for a submarine model measured in a Large Cavitation Tunnel (LCT).
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Fig. 1. Schematic diagram of noise analysis.
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Table 1. Solver Settings for CFD simulations

Solver Settings for CFD simulations
RANS k-omega sst

Turbulence model

Scheme PIMPLE
Time derivatives Euler
Gradient Gauss linear
Divergence Gauss vanleer
Laplacian Gauss linear corrected

p_rgh

Fig. 3. Result of two-phase flow analysis of center section (A)
Velocity magnitude, (B) Dynamic pressure, (C) Turbulent

kinetic energy.
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