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Fig.2 Profiles of drag coefficients under Reynolds numbers
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Fig.3 Profiles of drag reduction under Reynolds numbers
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Fig.4 Instantaneous distribution of the streamwise velocity in

water flow
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Fig.5 Instantaneous distribution of the streamwise velocity in

drag reducing flow
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Fig.6 Instantaneous distribution of the vorticity in water flow
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Fig.7 Instantaneous distribution of the vorticity in drag

reducing flow
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Fig.8 Autocorrelation distribution of streamwise velocity

fluctuations (v'u’) in water flow
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Fig.9 Autocorrelation distribution of streamwise velocity

fluctuations (u'v') in drag reducing flow
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Fig.13 Distribution profiles of mean vorticity in y direction
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EXPERIMENTAL STUDY ON THE CHARACTERISTICS OF CTAC
SOLUTION FLOW IN THE RECTANGULAR CHANNEL"Y

Gu Weiguo* Wang Dezhong*?) Kawaguchi Y.!' Zhang Hongxia**
*(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)
T(Department of Mechanical Engineering, Faculty of Science and Technology, Tokyo University of Science, Tokyo, Japan)
**(College of Water Conservancy Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract In the dilute surfactant drag-reducing flow, the slight viscoelasticity of solution affects the energy
dissipation process of the flow, and this flow exhibits special fashion different from laminar flow or turbulent one
in Newtonian fluid. The study on the modification of turbulent structures by the viscoelasticity of the solution
is important to clarify the drag reduction mechanism of surfactant solution flow. In this paper, drag reducing
flow of dilute surfactant solution in the two dimensional rectangle channel has been investigated experimentally.
To grasp the instantaneous velocity u-v in z-y plane, particle image velocimetry (PIV) is employed. The
experiments pay attention to Reynolds number ranging from 10000 to 40000 and concentration of additive
CTAC (a kind of cationic surfactants) from 25 to 100 ppm on the flow.

As for the additive CTAC concentration of 25, 40, 60 and 100 ppm, the fanning friction factor decreases
and drag reduction (DR) increases with the increase of mass concentration below the critical Reynolds number.
The surfactant solution with 40 ppm at Re = 40000, compared with water flow, shows DR of more than 70%.

The instantaneous distribution of velocity, vorticity, and correlation of velocity fluctuation is analyzed.
Statistics calculation is carried out based on 500 velocity fields which are measured by PIV. The results ex-
hibit that the drag-reducing flow shows the approximate characteristics of the laminar flow. The wall-normal
velocity fluctuation of drag-reducing flow is damped, which causes the decrease of turbulence transportation
and Reynolds shear stress comparing with the turbulent water flow. The streamwise velocity fluctuation of
drag-reducing flow shows the streamwise developed band-like distribution. This pattern indicates the new

characteristic of turbulence transportation in drag-reducing flow.

Key words surfactant, drag-reducing flow, PIV, micelles
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