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Abstract

In view of the fact that the presence of microstructures on the underwater surface during ship na-
vigation can reduce the drag force and improve the efficiency of energy use, three microstructured
surfaces, namely, shark-like, V-shape, and rectangular, are designed based on the sharkskin sur-
face, and numerical simulations are carried out by Fluent software to investigate the effects of dif-
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ferent microstructured shapes on the surface drag reduction rate, shear force, velocity, and tur-
bulent Kinetic energy of the surface in near-wall area. The numerical simulation results show that
the microstructured surfaces have certain drag reduction performance compared with the un-
structured surfaces. Compared with the shark-like and V-shaped microstructured surfaces, the
rectangular microstructured surface has the best drag reduction effect, with a maximum drag re-
duction rate of 18.4% at a velocity of 1 m/s. The presence of microstructures can effectively re-
duce the shear force and the turbulence kinetic energy. The existence of microstructures can ef-
fectively reduce the wall shear force on the surface, slow down the change of velocity gradient in
the boundary layer in the near-wall region, improve the flow of fluid in the near-wall region, and
reduce the energy vortex, so it has a certain drag reduction performance.
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Figure 1. Schematic diagram of shark
shield scale structure
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Figure 2. Schematic representation of the microstructure of different groove shapes
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Table 1. Calculation domain boundary condition settings

=1L BB REHRE

SR AN (A LI
Inlet AH Velocity Inlet (1 m/s~9 m/s)
Outlet HH Outflow
Symmetry KA Symmetry
Top LR (R4 ) Wall (no-slip)
Bottom TR (TS5 H) Wall (no-slip)
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Table 2. Comparison of simulation results with the calculated values of Eq.

# 2. MEER5AITEERK

B (ms) (USRS EGEE S X 1R 221(%)
1 0.005846097 0.005945990 1.68
3 0.00467894 0.004773093 1.97
5 0.004203118 0.004309532 2.47
7 0.003953677 0.004029067 1.87
9 0.003785726 0.00383156 1.20
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Figure 4. Resistance reduction with velocity for surfaces
with different groove shapes
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Figure 5. Shear force cloud for different groove shapes
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Figure 6. Localized Shear force cloud for different groove shapes
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Table 3. Average and minimum values of shear force on different surfaces
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Figure 7. Velocity cloud for different groove shapes
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Figure 8. Velocity variation with distance from the wall in the Z direction for different groove shapes
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Figure 9. Turbulent kinetic energy cloud for different groove shapes
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Figure 10. Variation of turbulent kinetic energy with distance from the wall in the z-direction for different groove shapes
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