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Numerical simulation on the hydrodynamics of a near-surface
self-propelled submarine
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Abstract: In order to meet the needs of the evaluation and optimization of submarine near-surface navigation
performance, this paper performs a numerical study on the hydrodynamic characteristics of a near-surface
self-propelled submarine by using Reynolds-Averaged Navier-Stokes method. The volume of fluid model is
used to capture the interaction between submarine and free surface, and the body force model is used to
establish the propeller hydrodynamic model. At the same time, the controllers of propeller and stern rudders
are constructed to control the speed and course of the submarine, and the numerical simulation of the
submarine near-surface self-propulsion test is realized. The numerical simulation results are compared with
the model test data and numerical simulation results from other literature, and the effectiveness of the
established numerical method is thus verified. Through the numerical simulation of the submarine self-
propulsion test under different immersion depth, the variation law of the submarine near-surface self-
propulsion point with the immersion depth is revealed, and the internal mechanism is discussed by combining
the flow field characteristics obtained from numerical simulation.
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Tab.1 Principal dimensions of the Joubert BB2 submarine
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Fig.4 Computational domain dimension, boundary conditions,
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Fig.7 Surface mesh of the sail and rudders (medium grid and fine grid)
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Tab.4 Influence of grid scale and time step on the numerical results
JrlRi PRIA% R BE Jin 2% AR g 22 I ] A AR 22
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Tab.5 Comparison of numerical results with data from other literatures
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Fig.9 Propeller revolutions and thrust at self-propulsion point under different immersion depths
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Fig.10 Free surface wave and waveform profile of mid-longitudinal section at the immersion depth D,/L,,=0.198
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Fig.11 Free surface wave and waveform profile of mid-longitudinal section at the immersion depth D,/L,,=0.172
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Fig.12 Free surface wave and waveform profile of mid-longitudinal section at the immersion depth D,/ L,,=0.150
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Fig.13 Free surface wave and waveform profile of mid-longitudinal section at immersion depth D,/L,,=0.107
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Fig.14 Free surface wave and waveform profile of mid-longitudinal section at immersion depth D,/L,,=0.064
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Fig.15 Axial velocity distribution in the stern area and propeller inflow plane at immersion depth D,/L,,=0.198
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Fig.16 Axial velocity distribution in the stern area and propeller inflow plane at immersion depth D,/L,,=0.172
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Fig.17 Axial velocity distribution in the stern area and propeller inflow plane at immersion depth D,/L,,=0.150
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Fig.18 Axial velocity distribution in the stern area and propeller inflow plane at immersion depth D,/L,,=0.107
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Fig.19 Axial velocity distribution in the stern area and propeller inflow plane at immersion depth D,/L,,=0.064
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