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Drag reduction characteristics of longitudinal grooves under
the condition of limited gap height

JU Kang,ZHAO Zhuobin,DENG Qinghua,LI Jun
(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049,
China)

Abstract: Longitudinal grooves can significantly reduce wall frictional resistance in turbulent flow,
holding substantial application value across various engineering fields. In light of the unclear drag
reduction characteristics in scenarios with restricted gap heights, this study investigates the drag
reduction performance of six types of longitudinal micro-grooves at different gap heights using
numerical methods. The research delves into the drag reduction mechanisms from five perspectives:
velocity gradient, frictional shear stress, mean velocity distribution, turbulent kinetic energy, and

streamwise vorticity. The drag reduction performances of various groove geometries are compared, and

Wk HIW: 2026-01-27, F:4500 H « K S0 &R B H (2023YFB4102203) ; [ 5K A 3 4 1 SRR
H (U20A20303),



N

2 [ NI = ¢ XX

the effects of the dimensionless cross-sectional area and dimensionless wetted perimeter on drag
reduction performance are analyzed. The results indicate that longitudinal grooves effectively mitigate
the velocity gradient, reduce frictional shear stress, lower the peak turbulent kinetic energy, and
suppress streamwise vortices, with rectangular and semicircular grooves demonstrating the most
effective drag reduction, followed by trapezoidal grooves. Optimal drag reduction is achieved when the
dimensionless groove width, dimensionless cross-sectional area, and dimensionless wetted perimeter
are approximately 18, 13, and 40, respectively. Furthermore, an increase in normal wetted perimeter
significantly reduces the frictional shear stress at both ends of the groove valley, enlarging the drag
reduction area and enhancing the drag reduction effect. As the gap height increases, the drag reduction
effect improves, eventually stabilizing. At a gap height of 80 times the groove width, rectangular
grooves can achieve a drag reduction of 4.2%. The findings of this study provide technical support for

the optimization of the cross-sectional shape and size of longitudinal grooves, and serve as an important

reference for turbulent drag reduction under conditions of restricted gap height.
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Streamwise vorticity distribution across four groove types and magnified
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