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Numerical analysis of the influence of underwater structure
pitching motion on its hydrodynamic pressure field
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Abstract: To study the influence of the pitching and translational coupling motion of underwater structure on
its hydrodynamic pressure field, the potential flow theory was used to analyze the hydrodynamic pressure
field of the coupling motion of the structure. The overlapping grid technology was used to analyze the hydro-
dynamic pressure field of the structure in the four motion states of translational motion, translational motion
with attack angle, pitching motion, and pitching translation coupling. Taking elliptical structures of different
axial length ratios as the research object, the hydrodynamic pressure field under different angular velocities
was analyzed. The results show that the pitching motion of the elliptical structure will make the negative pres-
sure peak of the hydrodynamic pressure field curve shift with time. The larger the angle of pitching oscilla-
tion is, the greater the negative pressure peak shifts. In addition, the axial length ratio of the elliptical struc-
ture will also affect the offset degree of the curve. The spectrum of the hydrodynamic pressure field caused by
the pitching oscillation of the elliptical structure has a very low frequency spectrum peak. The frequency cor-

responding to the peak of the spectrum is consistent with that of the elliptical structure oscillation.
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Fig.20 Four attack angles of ellipse (for ellipse with an axial length ratio of 1:4)
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Fig.21 Distribution of hydrodynamic pressure field for an ellipse (axis length ratio of 1:4) at different angles of attack
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Fig.25 Cloud diagram of pressure fields at 8 time points (for ellipse with axial length ratio of 1:4,

angular velocity modulus 0.0035 rad/s)
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Fig.31 Frequency domain diagram of hydrodynamic pressure field at the observation point (axis length ratio 1:2)
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Fig.32 Frequency domain diagram of hydrodynamic pressure field at the observation point (axis length ratio 1:4)
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