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Investigation of mechanism of pressure drag generation for a wall bounded shear
flow by the second invariant of velocity gradient tensor

Kameda, Takatsugu
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The mechanism of pressure drag generation was investigated for a channel
flow with transverse roughness elements on one wall. The square rod roughness elements is arranged
with the roughness pitch ratio of 2, 4 and 8. The friction coefficient increases with the roughness
pitch ratio. The increment is due to the pressure drag acting on the roughness. The pressure drag is

occurred by the transport of Reynolds shear stress above the cavity between roughness elements. The
profiles of the second invariant of the mean velocity gradient tensor have a negative value near
the downstream side wall in the cavity, and the absolute value increases with the roughness pitch
ratio. The negative value of the invariant contributes to positive pressure on the side wall and the
value of the positive pressure depends on the roughness pitch ratio.
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Fig.1 Flow field, nomenclature and coordinate system.
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Fig.3 Spatially averaged streamwise mean velocity profiles
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Fig.4 Spatially averaged streamwise mean velocity profiles
Table 1 Spatially averaged shear stressat y =0 and H.
R,y =1000 R,y =2000
PR =2 PR =4 PR =8 PR =2 PR =4 PR =8
|(r)y=0| /(1/2p0%?) 0.0127 0.0220 0.0399 0.0137 0.0262 0.0391
[(t)y—u|/(1/2p0%) | 0.0115 0.0125 0.0168 | 0.0090 0.0103 0.0117
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Table 2 Pressure drag coefficient.
R,y =1000 R,y =2000
PR Dispersive Reynolds Viscous C Dispersive Reynolds Viscous C
stress shear stress stress /P stress shear stress stress /v
2 | 228x107% | 5HMx 107° | 319x 1073 2%x 1073 | -132x 107* | 312x 10~* 521x 1073 | 53 1073
4 | 946x 107% | 38 1073 542x 1073 102x 1072 157x 1073 262x 1072 87x 1073 | 371x 1072
8 | 630x 1073 208x 1072 713x 1073 343x 1072 157x 1072 770x 1072 654x 1073 | 9Bx 1072
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Fig.5 The second invariant of mean velocity gradient tensor
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