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Optimal control of vortex shedding around square cylinder
via reduced order model

H. Emdad®’, A. R. Mostofizadeh?, S. A. Mousavinia

1- Assis. Prof, Mech. Eng., ShirazUniv, Shiraz, Iran.

2- Assoc. Prof., Mech. Eng., MalekAshtarUniv of Tech., Shahinshahr, Iran.

3- Msc Student of Areospace. Eng., MalekAshtarUniv of Tech, Shahinshahr,Iran
* P.0.B. 3474, Shiraz, hemdad@shirazu.ac.ir

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
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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)
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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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