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Fig. 3 The distribution of the statistical physical quantity in wall-normal direction
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TRPIV Experimental Investigation on Drag-Reduction
Mechanism of Polymer Solution Wall Turbulence
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(1. Department of Mechanics, Tianjin University, Tianjin 30072, China; 2. Tianjin Key Laboratory of Modern Engineering Mechanics,
Tianjin 300072, China; 3. The State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Science,

Beijing 100090, China; 4. Nankai University Tianjin University Center for Liu Hui Applied Mathematics, Tianjin 300072, China)

Abstract: Experimental study of drag reduction mechanism of low concentration polymer solution wall
turbulence in a regurgitant water channel was carried out by using time-resolution particle image
velocimetry (TRPIV). Through comparative analysis of the average velocity profile, the turbulence
intensity and Reynolds stress for flat plate turbulent boundary layer flow of both polymer solution and
pure water at the same incident flow velocity, it is found that the skin friction of polymer solution is
decreased 21. 77% , its buffer layer is thickened and relocated by logarithmic law, its Reynolds stress
is decreased in polymer solution, respectively. PAM polymers restrain the turbulence fluctuation
mostly in near-wall region, in the main stream region, its role is not significant. By using local
average multi-scale flow velocity structure function along flow direction and coherent structures
conditional sampling method, the two-dimensional topologies of the fluctuating velocity, the spanwise
velocity, Reynolds stress and other physical quantities in wall turbulence burst coherent structure
“jet” and “sweep” events for both polymer solution and water were detected and compared. Results
show that the fluctuating velocity in near-wall region coherent structure decreases, the vorticity is
suppressed, and Reynolds stress decreases obviously, which indicate that the turbulence intensity of
“jet” and “sweep” in polymer solution near-wall region decreases, burst frequency reduces,
momentum and energy transport weakens. Above results reveal the important drag reduction
mechanism of polymer solution.

Keywords: polymer solution; drag-reduction; Time-Resolution Particle Image Vilocimetry (TRPIV);

wall turbulence; coherent structure



