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A direct numerical simulation of turbulent channel flow over a compliant surface has been
performed to evaluate the friction drag reduction effect. The compliant surface is modeled
in a mass, damper and spring system. The material properties are determined so that the
wall velocity is in phase with the wall pressure. A slight drag reduction is observed, together
with a weak wall displacement of the compliant surface.

A numerical code is also constructed for solving flow across a three-dimensional deformable
bluff body. In the present study, flow across a compliant cylinder and sphere is analyzed
numerically to evaluate the drag reduction effect with a compliant surface. An increase of
pressure drag is observed while the friction drag is decreased by deformation of the compliant
surface. Therefore, compliant surface is expected to be applicable to a drag reduction device
where the friction drag is dominant.
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Table 1: Parameters for compliant cylinder and change of mean drag coefficients.

o |wo | ACy: | AC | ACD Co | wo | ACy | AC | ACD

Casel |[0.08| 1 | +82.86 | +14.65 | +63.53 || Case 2-g | 1.00 +2.63 | -0.58 | +1.72

Case 2-a | 0.00 +17.48 | -2.59 | +11.79 || Case 2-h | 3.00 | 5 | +0.97 | -0.23 | +0.63
Case 2-b | 0.01 +16.52 | -2.56 | +11.11 | Case 2-i | 5.00 +0.60 | -0.14 | +0.39
Case 2-c | 0.04 +14.19 | -2.40 | +9.48 | Case 2-j | 7.00 +0.43 | -0.10 | +0.28
Case 2-d | 0.08 +11.95 | -2.15 +7.95 || Case 3-a | 0.08 +3.07 | -0.67 | +2.01
Case 2-e | 0.16 | 5 | +9.10 | -1.74 | +6.03 || Case 3-b | 0.16 | 10 | +2.84 | -0.62 | +1.86
Case 2-f | 0.24 +7.37 | -1.46 +4.87 || Case 3-c | 0.24 +2.65 | -0.58 | +1.73

Table 2: Parameters for compliant sphere and change of mean drag coefficients.
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Case 3 | 0.04 | 2 | +29.60% | -1.59% | +18.4%
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Figure 1: A schematic of the model for a compliant

surface.

Figure 3: Schematic model of regeneration cycle

proposed by Jeong et al.[9].
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Figure 4: Schematic of flow field near streamwise
vortices, and desired wall velocity of compliant sur-

face to suppress the vortices.
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Figure 5: Time evolution of the normalized mean

pressure gradient.
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Figure 8: Schematic of calculation domain and co-

ordinate system.
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Figure 10: Time traces of wall deformation in case
2-a.
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Figure 12: Time trace of the x— component of the
pressure drag coefficient. The spring stiffness wy is

constant.

0.395

0.390

Rigid Cylinder

0.385

0.380

O. 375 T T T T T
0 50 100 1?0 200 250 300

Figure 13: Time trace of the x— component of the
friction drag coefficient. The spring stiffness wy is

constant.
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Figure 16: Time traces of x—component of the
pressure drag coefficient.
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Figure 17: Time traces of x—component of the fric-
tion drag coeflicient.



