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Active control of flow around a 2D square cylinder using plasma actuators

Paraskovia Kolesova', Mustafa G. Yousif’, and Hee-Chang Lim""

Abstract This study investigates the effectiveness of using a plasma actuator for active control of
turbulent flow around a finite square cylinder. The primary objective is to analyze the impact of
plasma actuators on flow separation and wake region characteristics, which are critical for reducing
drag and suppressing vortex-induced vibrations. Direct Numerical Simulation (DNS) was employed to
explore the flow dynamics at various operational parameters, including different actuation frequencies
and voltages. The proposed methodology employs a neural network trained using the Proximal Policy
Optimization (PPO) algorithm to determine optimal control policies for plasma actuators. This network
is integrated with a computational fluid dynamics (CFD) solver for real-time control. Results indicate
that this deep reinforcement learning (DRL)-based strategy outperforms existing methods in controlling
flow, demonstrating robustness and adaptability across various flow conditions, which highlights its

potential for practical applications.
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Fig. 1. Configuration of DBD plasma actuator
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Fig. 2. Plasma actuators induced velocity magnitude
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Table 1 Saliant parameters of domain meshes

Mesh No of No. of Wall-.normal. +
Cells points expansion ratio | Y

Coarse | 28,687 | 58,602 1.2 0.4

Medium | 36,143 | 73,572 1.15 0.37

Fine 49,541 | 100,486 1.12 0.37
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Fig. 4. Schematic of the computational domain
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Table 2 Validation of mesh independence

Case Clrms [ St
Coarse 0.174 1.495 0.144
Medium 0.173 1.495 0.145
Fine 0.173 1.495 0.145
Sen 5(35) 0.193 1.530 0.145
Sohankar -5-(36) 0.156 1.480 0.146
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Fig. 5. Configuration of a 2D square cylinder with plasma actuators: (a) Case 1; (b) Case 2; (c) Case 3
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Fig. 6. Location of the sampled probes
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Fig. 7. Illustration of the training process: (a) profiles of reward (instantaneous and averaged); (b) drag
coefficient (instantaneous and averaged)
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Fig. 9. Instantaneous vorticity distribution, rms streamwise velocity fluctuations, and rms transverse velocity
fluctuations at Re=100: (a) Case NC; (b) Case 1; (c) Case 2; (d) Case 3

A ol Folgl o] JEE Alo]  miA[RreR, A 38 7P ShE x1Fe sjgst
F-7570e] Ak ARE GOl g grel W ], Adv e st sk W] Al Zhrtol
Foll s AT = AES BeFden,  wiAE EEk=vt 2Hsv] el A
ol F WA AfdME #AHT £, 1 99 AAE A= Ao} &Ase] AT
o 2 g g AR wishs A9 B ERtelM e ok E¥(w), B Al (ms) fr
A ARG NdE HeFa, s warh AR SRWE(u,,), 18 AT 4
7hs etk 53], 5 74 AHdew FHE Case Wk ETWME( e BFT gr) FEE
29] dolRE: F FEh=nt As7] Bl & go we Ao g ohgZo] ghA olAH
YT S oMo] HEH TR FHAT  gow) ol Al elo] BAHAT wluie]
OF ofell WFell, Case 39| A5, clolAEZF AE g ganon 271S e Zags Ae B
g A7IRE Ao} F 50709 A AR ' s g

i

AellA ¢ W] 4 gAE 24T Case 13} 2014 *F+ 2H57]9] a3t AArzt
AATE FAH R, O 12 7HE =& AC A Z s 2 F Ao zhe gH A oRE
¢ AF oz YA, GAEEe] ujdo] ¢ Ao Wz 9T} Case 3904 Atka) shek
sk 3k Aol :EE]'—ZU}’ 2bs7)e &= At wwlo)] olejH oz uugg ole o] wixE 7
B oo, oA 2¢ B AHS FEA, o) nolt) 53], RS AlgoA AN &%

e

o

ArzEele] e S A T A wma 5 g SuwE gie] BT 27 7
Aol 9IA 5 Fehzrh 4E7] ol A sape] A AbAuAL WS A Ao]

=



F70} f5iol e PEh thedlel plaT B ARSI 54 B we A9 o 51

oD/U,
10 5 0 -5 -10 0.8
(a) *
2
So
2
4
b
2
So
-2
4
© °
2
Sol @
-2
4

2 0 2 4 6 8 10 12 14 16 -2
x/D

2 4 6 & 10 12 14 16 -2
x/D x/D

Fig. 10. Instantancous vorticity distribution, rms streamwise velocity fluctuations, and rms transverse velocity
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