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Fig. 2 Mean velocity profile in turbulent boundary layer under different cases
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Fig.4 Contour of wavelet coefficients for streamwise velocity under different control cases
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Fig.5 Contour of wavelet coefficients for streamwise velocity under different control cases
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Experimental investigation on active control of coherent structure
in wall-bounded turbulence with periodic blow-suck disturbance
by submerged micro-synthetic jet flow

GAO Saipeng', BAI Jianxia®, CHENG Xiaoqi', TIAN Haiping®, JIANG Nan'
(1. Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300354, China;
2. Mathematics Teaching Department of Tianjin Ren'ai University, Tianjin 301636, China;

3. Department of Mechanics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: By controlling the periodic oscillation of piezoelectric vibrators embedded in the wall cavity,
an artificial synthetic microjet is generated on the surface of the wall, and the open-loop active control
of coherent structure bursts in the turbulent boundary layer on a flat plate is realized. The
instantaneous velocity signals at different wall-normal positions of the turbulent boundary layer are
measured with a mini hot-wire boundary probe of anemometer before and after the micro-jet
disturbance superposed. The wavelet transform and the maximum energy criterion are employed to

extract the skeleton of the fluctuating velocity signals at the most energetic scale. The short average
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period T and the threshold level K of VITA method is determined by the maximum energy criterion
and the autocorrelation function of the wavelet coefficients at the most energetic scale. Finally, the
burst events of coherent structures are detected from the time series signals of fluctuating velocity by
VITA scheme and the eigen-waveform of coherent structure bursts is obtained by phase-locked
average of the detected segments of fluctuating velocity signals. The results demonstrate that the
active control strategy of the artificial synthetic microjet can make the buffer sublayer thicker and lift
the logarithmic law sublayer of the mean velocity profile up with drag reduction effect. By comparing
the eigen-waveform of the coherent structure burst before and after the active control strategy of the
artificial synthetic microjet performing. it is confirmed that the amplitude of the eigen-waveform of the
coherent structure in the near-wall region is significantly depressed, which indicating that the active
control strategy can suppress the burst of the coherent structure in the near-wall region while it is
invalid in the outer region of the turbulent layer.

Keywords: turbulent boundary layer; micro-synthetic jet flow; conditional sampling phase-lock

average; VITA method; wavelet analysis



