5534 % 5 12 ) fin = zh 14 Vol. 34 No. 12
2019 4F 12 H Journal of Aerospace Power Dec. 2019

B HS:1000-8055(2019)12-2539-10 doi:10. 13224 /j. enki. jasp. 2019. 12. 002

X E BT 75 P& 30 E 308 i i
14 5% B 7 16 i i PR

BEKY, £ ', EEM, ErE
(1. REERFAZ 2B FOF2eEi, K 3016365
2. REBR¥ P TREEBE, K 300072;
3. KRR ML TR 2B K B TR E i S8 s . K 300072)

1% B DAL GURZ N IEZ 8 0 R AL OMCUD g 2 il 25 00U B 48 5 2l 78 25 4 5 PR 27 45 ahil [l g8, 552
PP B = 2y 4 o Tt 0 2 A TS5 A BB . SR A TE RE T b 1) J 1 A B BUR LR T R B R 8y XL A
Xif R HL AR T4 A 3 A [ 9IR s 2R L 45 31 160 Hz T30 52 B K s B Ky 16. 03 %6, J H 41 1 9% 30 1 753k 3 g
TR b 4R P E B R 0 R L R T L SR I BE X Y BB ZE L 6P A TS A e A R R E . R LR
THR Bl A 2 55 0 T 4 A R A AT S R T B L Ak SR R, P P o v s o R IR R I R RE A TR
75 Y5 o S5 B 5 F PR P AT A Ul BEL SRR o e o I AR ARG 1) 2% 14 AR S X 0 T I i) R 0 s A g L DL
HL R T T A 0 O 2O AT R AL 1 3R D0 R T EE R B O AR AR U BEL SR

% 8 O EARRT B Wik WRBRE: WE L

hES S, V231.3; 0375.5 XHKFRERD: A

Active modulation to streamwise vortex drag reduction of turbulent
boundary layer by asynchronous vibration with

double piezoelectric vibrator
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Abstract: A closed-loop control circuit comprising of hot wire sensitive filament sensor,
microprogrammed control unit (MCU) controller and double piezoelectric vibrators was de-
signed to realize the coherent structure’s drag reduction in turbulent boundary layer under
closed-loop active control. Asynchronous vibration of the spanwise piezoelectric vibrators on

the wall was adopted. By inputting three different vibration frequencies to the piezoelectric
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vibrator, the maximum drag reduction efficiency of 16. 03% at 160 Hz was acquired. The vi-

bration of the piezoelectric oscillator made the turbulent kinetic energy concentrate around

the maximal energy and modulated the coherent structure, which changed the structure of

the turbulent boundary layer near the wall. When the vibration frequency of piezoelectric vi-

brator was close to the characteristic frequencies of coherent structures, the disturbance of

piezoelectric vibrator exerted the most significant burst influence on coherent structures, and

the drag reduction efficiency reached the maximum. Closed-loop control saved about 75% ener-

gy input and achieved a comparable control effect as open-loop control. Under the controlled condi-

tion with added condition detection, the time period of the conditional phase average waveform be-

came shorter. The disturbance of piezoelectric oscillator was used to modulate streamwise vortex,

thus the wall friction resistance was reduced, and the drag reduction effect was obtained.

Key words:

piezoelectric vibrator; drag reduction efficiency; streamwise vortex;

turbulent boundary layer; closed-loop active control
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