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PIV study of drag reduction in the near-wall turbulent channel
flow under the control of spanwise oscillating Lorentz force

CHEN Yao-hui, FAN Bao-chun, MEI Dong-jie
(National Key Laboratory of Transient Physics, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract; The feature of near-wall turbulence is showed by intermittent turbulent burst e-
vents and coherent structures whose main characteristics are streaks and streamwise vorticity.
The intermittent turbulent burst events and coherent structures will lead to near-wall drag in-
crease; therefore, in order to achieve the drag reduction, we need to control or eliminate the stre-
amwise vorticity in the near-wall area, and then control the turbulent burst. In current studies,
in order to achieve the drag reduction, we used the spanwise oscillating Lorentz force to control
the streamwise vorticity in the near-wall region, used the PIV test system to carry out an experi-
mental studies and discussed the drag reduction effects and mechanism of such kind of Lorentz
force. The results show that the spanwise oscillating Lorentz force has the function of drag reduc-
tion, and the mechanism of drag reduction when applied spanwise oscillating Lorentz force is this
type of Lorentz force which can make the streaks incline and generate the additional negative
spanwise vortex in the flow field, and this will decrease the average streamwise velocity gradient
in the near-wall region which lead to the drag reduction.
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Fig. 1 Electromagnetic actuator is assembled by
magnelic pole and electrode alternately
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Fig. 2 Lorentz force is formed by electromagnetic actuator
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Fig. 3 The photo of electromagnetic actuator
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Fig. 4 The section of experimental ohservation

which was equipped with floating-bed
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Fig. 7 Experimental time histories of near-wall drag reduction
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Fig. 8 Near-wall coordi aph of st ise veloci-
ty in x-z plane is measured by PIV without
Lorentz force control ( y™ =9
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Fig. 9  Near-wall coordinatograph of streamwise veloci-
ty in xz plane is measured by PIV under the
Lorentz force control (y* =9)
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Fig. 10 Numerical result of streamwise means velocity profiles
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the control of Lorentz force ( streaks
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