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Abstract

The change of wake under the cylinder with different height rough band and the influence of
rough band on the aerodynamic performance and noise of the cylinder and airfoil are studied by
numerical simulation. The cylindrical drag coefficient under the high rough zone is greater, while
the low rough zone has little influence on the drag coefficient of the airfoil. The high rough zone
will increase the surface time average pressure coefficient of the airfoil in a certain area. In addi-
tion, the high roughness zone will change the flow range after boundary layer separation on the
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cylindrical surface and the low velocity reflux zone, and enhance the disturbance influence on the
rear airfoil flow field. FW-H equation is integrated with different surfaces to obtain sound pres-
sure levels at far-field positions. The noise of cylinder and airfoil is increased at 90° with high
roughness band, but the noise of airfoil behind the cylinder with high roughness band is smaller at
60° with only airfoil as integral surface. The root mean square value of pressure pulsation of local
and global flow fields is also compared, indicating that the flow field behind the cylinder with high
rough zone has stronger sound source intensity. Finally, the changes of instantaneous vortex struc-
ture and turbulence intensity are analyzed, indicating that the high rough zone has specific dis-
turbance to the rear wake.
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Figure 1. Computation domain and boundary conditions
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Figure 2. Sketch of different cylindrical roughness strips
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Figure 3. Schematic diagram of mesh
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Figure 5. 90° far-field sound pressure level
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Figure 6. Far field sound pressure directivity
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Figure 7. Drag coefficient of the cylinder
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Figure 8. Drag coefficient of the airfoils
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Figure 10. Average velocity cloud in X-direction for Z = 0 planes
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Figure 11. Average velocity cloud in X-direction for Z = 0 planes
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Figure 13. Far-field sound pressure level at different monitoring points
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Figure 14. Far-field sound pressure level at different monitoring points
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Figure 15. Root mean square value of pressure pul-
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Figure 18. Turbulence intensity on the forward segment of the airfoil
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