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Abstract: To clarify the drag reduction characteristics of longitudinal grooves under limited gap
height conditions, the drag reduction performance of six types of longitudinal microgrooves at
different limited gap heights is investigated numerically. The drag reduction mechanisms are
examined from five aspects: velocity gradient, frictional shear stress, mean velocity distribution,
turbulent kinetic energy, and streamwise vorticity. The drag reduction performance of various
groove shapes is compared, and the effects of the dimensionless cross-sectional area and
dimensionless wetted perimeter on drag reduction performance are analyzed. It is shown that the
velocity gradient and frictional shear stress are effectively reduced, the peak turbulent kinetic
energy is lowered, and streamwise vortices are suppressed by longitudinal grooves. The best drag
reduction is achieved by rectangular and semicircular grooves, followed by trapezoidal grooves.

Optimal drag reduction is achieved when the dimensionless groove width, dimensionless cross-
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sectional area, and dimensionless wetted perimeter are approximately 18, 13, and 40,
respectively. Furthermore, the frictional shear stress at both ends of the groove valley is
significantly reduced by increasing the normal wetted perimeter, thereby enlarging the drag
reduction region and enhancing the drag reduction effect. As the gap height increases, the drag
reduction effect is enhanced and gradually stabilizes. At a gap height 80 times the groove width,
a drag reduction of 4. 2% is achieved by rectangular grooves. The results provide technical
support for optimizing the cross-sectional shapes and dimensions of longitudinal grooves and a
reference for turbulent drag reduction under limited gap height conditions.

Keywords: turbulent drag reduction; longitudinal grooves; limited gap height; wetted perimeter
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Fig. 1 Cross-sectional geometries of six types of grooves
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Table 1 Groove geometric dimensions

fagi] B s/ WEE R/ BIMAK BUEHER
R pm pm P/pm A,/ pm?
MV 100 100.00  223.60 5000
MT 100 59. 49 191. 30 5 000
MR 100 50.00  200.00 5 000
MU 100 60.73 178. 54 5 000
M] 100 65. 00 186. 62 5000
MK 100 90.00  208.68 5 000
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Fig. 2 Computational domain schematic
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Fig. 4 Grid independence verification
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Fig. 14 Comparison of drag reduction effects of different shaped grooves at three gap heights under dimensionless width,
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