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Influence of Hip Joint Flexion Angle on the Submerged Dolphin
Kick Stroke Based on Numerical Simulation of Multi-Body Motion
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Abstract; Objective To explore characteristics of flow field around the athletes, change of net flow force, and
influences of hip flexion angles at the end of extension kick on the submerged dolphin kick stroke. Methods The
body shape data of a swimmer were obtained by three-dimensional (3D) scanning, and the data were reversely
reconstructed to obtain the swimmer model. The joints of the swimmer model were separated, and each segment
of the athlete was divided into independent rigid body, and simulation of the submerged dolphin kick stroke was
realized by controlling movement of each independent rigid body. The computational fluid dynamics ( CFD)
software package ANSYS Fluent was used as the solver for calculation and solution. Results The vortex
structures were shed off from the surface of the swimmer’ s body in the area with a large velocity gradient in flow
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field, and the shedding of vortex structures was different at the stage of extension kick and flexion kick. Propulsion

was mainly generated during extension kick phase. At the end of extension kick, the drag decreased as the hip

flexion angle increased from 20° to 30°. Conclusions To some extent, increasing flexion angle of the hip joint at

the end of extension kick will reduce the drag force and increase the swimming speed in process of the

submerged dolphin kick stroke.

Key words: computational fluid mechanics (CFD) ; submerged dolphin kick stroke; multi-body motion
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Fig.8 Net streamwise force at different body parts of the swimmer model in motor pattern 1

(a) Feet, thighs and shanks, (b) Waist and abdomen, chest and arm
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