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Drag reduction study on the biomimetic adaptive
deformation of the wall surface of
underwater vehicles

TANG Jun™", LI Jia—yong', SUN Xin—-miao"
(a. School of Civil Engineering and Architecture; b. Tianjin Key Laboratory of Port and Ocean Engineering,
Tianjin University, Tianjin 300354, China)

Abstract: Dolphins and other toothed cetaceans have high—speed swimming ability and are important re-
search objects for underwater biomimetic drag reduction. In this paper, based on the characteristics of dol-
phin skin structure and adaptive deformation, an engineering—scale bionic study was carried out, a wall defor-
mation motion control equation with the normal velocity of the boundary layer of the wall surface as the input
signal was designed, and the drag reduction performance of the deformed wall surface was simulated by the
dynamic mesh technology. The results show that the optimal frictional resistance reduction rate of the de-
formed wall surface is 19.24% and the optimal total resistance reduction rate is 6.4% at a flow rate of 0.5 to
10 m/s. Application of the biomimetic control results in the increase of the thickness of the turbulent bound-
ary layer of the wall surface, reduction of both the surface friction resistance and the turbulence kinetic ener-
gy of the flow field. The bionic deformation wall was applied to the surface of the non—attached SUBOFF sub-
marine model to carry out drag reduction design. In the speed range of 3.045-8.231 m/s, the total drag reduc-
tion rate greater than 8.0% was obtained.
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Fig.16 Surface shear stress cloud diagram before and after the deformation of the submarine model
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