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Numerical simulation of stern dipping tendency of an underwater
vehicle in a turn using free-running model

PAN Yu—cun, TANG Ying, LU Xiao—jun, TAN Lu, JI Gang
(Naval University of Engineering, Wuhan 430033, China)

Abstract: When an underwater vehicle undergoes a turning maneuver in the horizontal plane, the complex
flow due to the vertical asymmetry of its hull shape (especially the sail) causes th vehicle to experience
normal forces and pitching moments. This phenomenon can significantly affect the vehicle's maneuverability.
In this paper, the SUBOFF model equipped with the E1619 propeller was taken as the research object, and the
straight-line self-propulsion and horizontal turning simulation were carried out by combining the CFD
method with rigid-body dynamics. The simulation results were in good agreement with the results from
relevant literatures. By observing the distribution characteristics of the flow field around the hull, we analyzed
the causes of the normal forces and pitching moments experienced by the vehicle during the turning motion,
and the variation laws of the normal forces and pitching moments during the dynamic turning process of the
vehicle under different rudder angles were discussed.
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Fig.1 Coordinate system of the underwater vehicle
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Fig.6 Variation of velocity, thrust and resistance during self-propulsion simulation
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Fig.14 The pressure, velocity and Q-criterion distributions at cross section of x/L=0.323 (1=3.28 s, §=20°)
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Fig.15 The pressure, velocity and Q-criterion distribution at cross section of x/L=0.323 (=523 s, §=20°)
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Fig.16 Pressure variation along the longitudinal direction on the upper and lower surfaces of the vehicle during steady turning

simulation at rudder angles of 5° and 20°, respectively
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