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Feedback Control of Turbulent Flow Field with State Observer
(2nd Report: Effect of Observer Gain on Drag Reduction)
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Fig. 1 Feedback control system of turbulent flow
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Fig. 2 Structure of the state observer
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Table 1 Computational condition.

Pipe length / 4

Pressure difference Ap 0.0649
Reynolds number R, 9000

Grid points Ny xV;xN; 20x10x10
Grid spacing h;xh;xh; 0.2x0.1x0.1
Time step #, 0.05

Total residual at convergence | 0.01

CPU time for one time step {s]| 2
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Fig. 3 Convergence of the observer
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Fig. 4 Square duct with control holes



332 T T
Feedback control Feedback contro!
e L T P Rl 2F
20 \ gttt P ’ n
e oot Feedback with observer | Feedback control
- ™ K.=12 - SLBt with obsarvar 1
18 [2)
E At EPIT e ,;.WMMWWW. :g
-] - ET e - . ‘Kp:‘d- 18
]5 . e - oy oy i - . v — T IS A SRS Tm—————]
N K0=O Ne control
4k ] 14} ]
No control *
12 1 1 1 1 L 1 1 L 1 1 i 1 i i 1.2 0 3 é 12 6
020 40 60 B0 100 120 140 160 18D 200 220 240 260 280 300 K

'

Fig. 5 Variation of mean velocity
(Ke=1)
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Fig. 6 Mean velocity with observer gain
(Kc=1)
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