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Abstract

U-shaped riblet could be pressed on the polymer films by wire winding roller embossing. In the
process, the size and structure characteristic of micro-riblets are significantly influenced by the
embossing deformation process parameters and the diameter of stainless steel wires. The numer-
ical simulation of micro-riblet drag reduction has also been performed on basis of the riblets ob-
tained by roll-to-roll embossing process. And the influence of micro-riblet size and structure on
turbulent drag reduction has been revealed in three-dimensional incompressible turbulent flow.
We find the turbulent drag reduction could be achieved when the micro-riblet size is small enough
in the simulation. When the diameter of the micro-riblet is 0.02 mm, the drag reduction rate could
be up to 10%. The influence of external interference on micro-riblet drag reduction is further stu-
died by adding turbulence through a vortex generator and it intuitively shows vortex structure on
micro-riblet also affects drag reduction. The micro-riblet drag reduction effect is more obvious
when the flow is under the interference of turbulence.
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Figure 1. Schematic of roller embossing
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Figure 2. The fluid domain
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Figure 3. Grid distribution of computing domain
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Figure 4. Contrast curves of wall shear stress and wall frictional resistance on smooth surface and riblet surface
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Figure 5. Drag reduction rate of semicircular riblets with different diameters

5. TEERFERMAEEARER

2.00e+02
1.87e+02
1.73e+02

4.00e+01
2.67e+01
1.33e+01
0.00e+00

1.60e+02 I
1.47e+02
1.33e+02
1.20e+02
1.07e+02
9.336+01
8.00e+01
6.67e+01
5.33e+01

2.00e+02
1.87e+02
1.73e+02
1.60e+02
1.47e+02
1.33e+02
1.20e+02
1.07e+02
9.33e+01
8.00e+01
6.67e+01
5.33e+01
4.00e+01
2.67e+01
1.33e+01
0.00e+00

Figure 6. Distribution of shear stress on smooth surface and riblet surface
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Figure 7. Velocity vector diagram on smooth surface and riblet surface. (a) Smooth surface; (b) Riblet surface
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Figure 9. Contrast curves of wall shear stress and wall frictional resistance
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Figure 11. Distribution of shear stress on smooth surface and riblet surface
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Figure 12. Velocity vector diagram on smooth surface and riblet surface. (a) Smooth surface; (b) Riblet surface
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Figure 13. Computing domain with vortex generator
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Figure 14. Contrast curves of wall shear stress and wall frictional resistance
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Figure 15. Drag reduction rate of riblet surface with different depth
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Figure 16. Contrast curves of wall shear stress and wall frictional resistance
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Figure 17. Velocity vector diagram on smooth surface and riblet surface. (a) Smooth surface; (b) Riblet surface
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