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Turbulent Skin Friction Reduction with GA-based Feedback Control System
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A prototype feedback control system for wall turbulence is developed and evaluated in a turbulent channel flow. Arrayed micro
hot-film sensors with a spanwise spacing of 1 mm are employed for the measurement of streamwise wall shear stress fluctuations,
while arrayed magnetic actuators with 3.2 mm in spanwise width are used to introduce control input through wall deformation. The
frequency response of the sensors and actuators is found to be reasonably high for the flow conditions presently considered. A digital
signal processor with a time delay of 1.6 ms is employed to drive output voltage for the actuators. Feedback control experiments arc
made in a turbulent air channel flow with the aid of a genetic algorithm-based optimal control scheme. It is found that the root-mean-
square value of the wall shear stress fluctuations is decreased by up to 9 % among 100 trials in 10 generations.
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Fig. 1 Prototype of the feedback control system with arrayed
sensors and actuators.

Poo NV TFHEEU E3.0ms THY, F vk VRS &
BEBAEREu LD DL A ) W AHRe 1Z300THD. D&
E, IHME S FI20083mm ThH A7z, RIELAKIE T A
FLDL HEBB LY, Tr/F - SHEBRIE, FRLFR
1201, 39 FICHIET 5.

Fig. 2 IZH ARG v FOOMEE R TRT. oL, I8
X1lum DALY A FEDT AT 7 5 L (400400 pm?) F 1T
ENDHEE200pmQ4e HOHEIEIATH 5. KIUEDRE
i, 7 v VEIERICL ) —ERECRBIRER 60 °CHIZ{RT:
ND. BHHREAWNIEHER D ST — 2T F L OBIEE
2, BLLAZNVZXEDODNSOLEET AL, SOHZz TH A
YHHIS0BIET T 5 EDTRENTWADY, i Fad A
WIS I A8 > F510) 2 S OFHEMEIL, DNS®& IL#ET 2
EXWVW—EERLTHEY, Fr RVET D ORI 2 i BIE
EERZTWD(LERR).

Fig 3ICBMABEE AR 7 7 F 2 T— ¥ Ok % R T B
BT 7 Far—213, iNAREX 14 mm(l69 1), A/t
HHES24mm29), EE201mmD ) 2 TLBEDOTE
WKES10mm, 181 mm, &1 mmOFHTHEKABE > 54
L, BEICEORAAZIANICE o TRET AERIZE- T,
BEHEY T &5, 12VOHIEEFEISHT 55 EM 34 200
um(2.4 [T A (NEHE). Fig. 41212 Vp-p DIEZEOEIE
W T AT 7 Fa— ¥ OB ERT. AREIIES DA

1.0 mm 0.5 mm
m

Diaphragm

Flow

™ § s
. Hotfilm :
(Pt}

Fig. 2 Magnified view of micro hot-film shear stress sensor.
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Fig. 3 Magnified view of wall-deformation magnetic actuator.
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Fig. 4 Dynamic response of wall-deformation magnetic actuator.
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Fig. S RMS value of the wall shear stress fluctuations versus
generation of the GA-based control algorithm.
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Fig. 6 Correlation coefficients of the streamwise shear stress
fluctuations at the evaluation sensor. a) Streamwise two-point
correlation with the fluctuations at Ax*=252 upstream of the
evaluation sensor, b) Auto correlation coefficient.
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