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Fig.1 Schematic diagram of the experimental set-up: (a) side view; (b) top view.
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Fig.2 Mean velocity profile of turbulent boundary Fig.3 Distribution of Reynolds stress in wall-normal
layer direction
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Fig.4 Pre-multiplied spectraat y"=61.1 (PAM) and y*=59.8 (water): (a) U-spectra; (b) v-spectra
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Fig.5 Vortex structures detected by A, criterion in the x-y plane: (a) PAM; (b) water
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Fig.6 Contour map of streamwise fluctuating velocity at a certain time in the x-y plane: (a) PAM; (b) water
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TRPIV MEASUREMENT STUDY OF DRAG-REDUCTION MECHANISM IN

WALL TURBULENCE WITH POLYMER ADDITIVES®

"*#2) Guan Xinlei', Cheng Lu"

Jiang Nan™
) (Department of Mechanics, Tianjin University, Tianjin 300072, China)
- (Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300072, China)
¥ (State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China )

# (Nankai University-Tianjin University Center for LiuHui Applied Mathematics Institute of Mechanics, Chinese Academy of

Sciences, Tianjin 300072, China)

Abstract: An experimental measurement was performed using TRPIV (time-resolved particle image velocimetry)
to investigate the effect of polymer solution on the fully developed near-wall turbulent flow in a water channel.
The turbulent flow fields with and without polymer additives solution at the same Reynolds number were
measured in the x-y plane and x-z plane. For the x-y plane, the comparison of Reynolds stress’ distribution
confirms that near the wall it decreases significantly and the turbulent motion is also suppressed. At the place
where it is suppressed most dramatically, the pre-multiplied spectra of the solution and water have been analyzed.
Compared with the water case, small-scale fluctuations occupy less energy for the solution. The vortices in the
flow field were detected by A, criterion. The results indicate that the vortices are inhibited by polymer additives
and the intensity of the vortex also declines. For the x-z plane, the separations of low-speed streaks with and
without polymer solution were compared. The separation in the solution appears much larger, which indicates that
the number of the small-scale turbulent structures is reduced due to the polymers, and the process of turbulent
momentum transport is undermines.

Key words: polymer additives, wall-bounded turbulence, drag reduction mechanism, TRPIV
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