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Numerical Analysis of Fully Developed Turbulent Flow
in Rectangular Duct with Longitudinal Roughness Element

Hitoshi SUGIYAMA, Mitsunobu AKIYAMA,
Kazunori YAMANAKA and Masaru HIRATA

A numerical analysis has been performed on developing turbulent flow in a rectangular duct of
aspect ratio 2.25: 1, two of whose long-side walls were roughened. Roughness elements with
trapezoidal cross section were located along the strearmwise direction. In the calculation, an algebraic
stress model was adopted in order to predict Reynolds stresses precisely, and a boundary-fitted
coordinate system was introduced to briefly set the boundary conditions. Calculated results were
compared with the experimental data available. As a result of this calculation, it was found that the
present method could predict streamwise velocity and secondary flow well. The intensity of the
secondary flow near the longitudinal roughness element was greater than that in the corner region.
This phenomenon strongly suggests that a duct with a longitudinal roughness element is applicable
for promoting heat and mass transfer without increasing pressure drop.

Key Words: Numerical Analysis, Turbulent Flow, Secondary Flow, Reynolds Stress Model,
Rectangular Duct, Rough Wall, Boundary-Fitted Coordinate System °
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