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Optimal control of vortex shedding around square cylinder
via reduced order model
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Abstract- In this paper, optimal control of vortex shedding behind square cylinder in laminar flow regime (Re=200)
has been investigated. When Navier-Stokes equations are used as state equations, the discretization of the optimality
system leads to large scale optimization problems that represent a tremendous computational task. In order to reduce the
number of state variables during the optimization process, a Reduced-Order Model (ROM) based on POD modes is
derived to be used as state equations. Then, these equations are modified by introducing a Control Function to ROM in
order to gain equations which are suitable for optimal control. Optimal trajectory for control input has been found by
employment of Quasi-linearization which is one of the numerical methods for solving optimal control

Keywords: Optimal Control, Vortex Shedding, Suction and Blowing, Reduced Order Model, POD Modes.
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7. Reduced order models

8. Proper Orthogonal Decomposition
9. Galerkin projection

10. Karhunen-Loeve expansion

11. Principal component analysis

12. Empirical orthogonal functions
13.Proper orthogonal decomposition
14.Control function

15.Penalty method
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1. Bluff bodies

2. Periodic

3. Von Karman street

4. Drag

5. Lift

6. Vortex induced vibration
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5. Feedback Proportional Law
6. Splitter Plate
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1. Wake

2. Adjoint formulation

3. Viscouse drag

4.Quasi-Newton DFP (Davidon-Fletcher-Powell)

B 8oloss V¥ 893 AYAY 3ls 0 (59 g0 S5 (stihn



ol g oluwl (ygs lon

e b IS (o oyl Jo2 alo )5 (3 ) diage J yS

J> Gy iy 0byr ol ondsesd ol gaod
el o0 oalitl E¥olea 1)
O S e Dype S aie i () nl 5o
SN Yok @l 5 & Sy b ce e loadlse
3 Slgce Gamgs Glyz Glp Sty Hlade sl o0
1D9h ALy py Ojgeds ()1 Dlaie gl
_ov au

f—a—x—a D
o ya p lalyy Jawgd wolaisie piaw (pl 5o by &b g

190 0
u :2y—w, v =—% )

dolre 3l Jlad Bi> 5 wus o,z 5l colaiul b

1l g0 Cewsts 5 Wlee (Y) pyiiage
2 2
8_§+u%+v 6_§:i(6_g:+8_€)
o0 ox oy Re ox° oy
Joli 45 555 aolas 298 g0 o3 a5 JUi! dolas

®

20 oo dzei |y 3 aloles a5 &l Cawods (V) dolee ;o (F)

*)

x? oy? -
olee il oo Gam g9 5l &5 Sim Gide doles )
i ol @l (S plpredr ebioe anilys 0l > &b
Woleo Sy 5 Soo Wil Sy 4 g Ssanm Syt
o o3lasl 5l eolawl b &Yolee ol londs anSlss (ggian
Upolil ol ey 5 Jsb oobibe glyiear | juiles
a jlein, vae pluly loads a0 Ce s wlide lgiea

2 2
oV, OV __,

Ded ca iy yai Re=plgl [ 11 y90

Togame S| g, @Sl O¥olee goae J>
slasis S5 GilwdiwnS glp .l ool ad 5 Sa
ol olal ol ouds solaiwl ool ooy lis ¥ SS jo A
sl e YIAX 1] ass

3. Stream function equation
4. Finite difference
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1. Artificial compressibility method
2. Projection methods
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7- Fredholm integral eigenvalue problem
8- Snapshot
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1- Runge-Kutta 4th order

2- Convection terms

3- Second order upwind

4- First order upwind

5- Alternative Direct Implicit method
6- Strouhal number
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1- Cumulative energy
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