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Abstract: Viscous drag is one of the main sources of civil aircraft drag, and turbulent drag
plays a dominant role in viscous drag, so it is of great engineering and scientific significance to
carry out turbulence drag reduction control. In this paper, under the condition of a zero pressure
gradient experiment, the drag reduction control of the plate boundary layer with isotropic
permeating materials fused with micro-blowing is studied. The results show that the isotropic
permeable material can significantly reduce the friction drag of the plate surface, and the

maximum local drag reduction rate in this paper can reach 55.4%. In addition, compared with
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the control of a single isotropic permeable material, the isotropic permeating material integrated
with micro-blowing not only improves the drag reduction rate in the local region but also
increases the flow area of the downstream drag reduction region due to the “memory” of the
influence of micro-blowing on the turbulent structure, improving the efficiency of drag reduction.
Hot-wire velocity measurement results show that the isotropic permeable material with
microblowing can reduce the velocity gradient of the viscous bottom layer of the boundary layer
and reduce the momentum exchange between the inner and outer layers. The flow visualization
technology of Time-Resolved Particle Image Velocimetry (TR—PIV) showed that the isotropic
permeable material integrated with micro-blowing could increase the thickness of the turbulent
boundary layer and the pulsation intensity of the flow direction. At the same time, the large-
scale high-speed strip structure in the steam-wise direction break down into small-scale structure.
The self-holding process and sweeping process near the wall are suppressed, thus achieving drag
reduction.

Keywords: turbulent boundary layer; microblowing; coherent structures; turbulence intensity;

reduce drag
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Table 1 Related parameters of blowing

U,=10m/s U,=15m/s
Gy Q/(10* m*s™) c, Q/(10° m™s™)
0 0 0 0
0.020 0.365 0.020 0.550
0.028 0.510 0.028 0.770
0.036 0.660 0.036 0.980
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Table 3 Drag reduction parameters at different positions (U, = 10 m/s)
c¢/l=0.75 ¢/l =10.83
G, u/(ms?) o, /(N'm?®)  Cp/107  Ar/% At /%  u/(msT) o, /(Nm®)  Cy/107 AL /% Ar,/%
R 0.432 0.241 0.373 0.437 0.246 0.381
0 0.319 0.131 0.203 45.6 0.33 0.14 0.218 43
0.02 0.305 0.122 0.185 49 6.86 0.320 0.132 0.205 46 5.7
0.028 0.300 0.116 0.18 51.7 11.36 0.315 0.128 0.198 48 8.6
0.036 0.289 0.107 0.166 55.4 18.154 0.308 0.122 0.189 50.4 12.8
F4 U.=15m/s BRREMEAMHRIATERESH
Table 4 Drag reduction parameters at different positions (U. = 15 m/s)
¢/l=0.75 ¢/l=0.83
Cy u,/(m-s™) 7,/ (N-m ™) C; /107 A,/ % Ar, /% u,/(ms™) 7o/ (N'm™) C/107 Az, /% Ar, /%
R 0.626 0.505 0.343 0.633 0.517 0.356
0 0.57 0.42 0.29 16.8 0.59 0.45 0.309 13
0.02 0.561 0.404 0.28 20 3.8 0.582 0.437 0.301 18 1.3
0.028 0.552 0.393 0.271 22.18 6.43 0.571 0.421 0.29 21 3.17
0.036 0.541 0.377 0.26 25.3 10.10 0.559 0.403 0.278 22.6 5.25
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