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ARTICLE INFORMATION ABSTRACT

Original Research Paper Dielectric barrier discharge (DBD) plasma actuators are one of the new devices for active flow control,
Received 06 September 2017 which has received substantial attention during the last decade. The performance of the actuator is
Accepted 24 October 2017 optimum when it induces the highest velocity per unit of power consumption. Since the induced

Available Online 18 November 2017 velocity and the power consumption of the actuator depend on many different variables, finding the

optimal set, which results in the best performance, is of immense importance. In this paper, in order to

Keywords: L ! h . . .

DByD Plasma Actuator optimize the performance of these actuators, at first, by using full factorial design of experiments the
Induced Flow Velocity effect of electrical variables (including voltage and frequency) and geometrical variables (including the
Electric Power Consumption gap between electrodes, dielectric thickness, and covered electrode width) on induced flow velocity and

Artificial Neural Network

Genetic Algorithm power consumption in steady actuation is experimentally investigated. Then, by using the multi-layer

perceptron neural network, a model is created for the ratio of induced velocity to power consumption.
The model is validated both statistically and experimentally. The results indicate that the coefficient of
determination for training and test data is higher than 95 percent. Finally, the surrogate model is
optimized by genetic algorithm and the optimal value of electrical and geometrical variables is
determined. In order to validate the result, an actuator is designed based on the optimal set of variables
and it’s ratio of velocity to power is measured to be 29.71 m/s/kW /m. The difference of 3 percent
between the measured and the predicted value demonstrates high accuracy and correctness of the
proposed model and method.
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Fig. 2 The geometrical variables of a DBD plasma actuator[9]
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Table 1 The levels of electrical variables [21]

KV) S b S 515 KHZ) Jol> il )3

[6-24] {10, 12, 14, 16}

® Plexiglass

© Breakdown voltage

7 Oscillator

8 Amplifier

° Digital oscilloscope (GW INSTEK GDS-1072-U)
10 Digital multimeter (VICTOR VC97)

1 RMS digital multimeter (MS8226T)
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2 Response surface methodology (RSM)

3 Sequential quadratic programming (SQP)
4 Full factorial approach
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Table 2 The levels of geometrical variables [21]
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Fig. 3 Diagram of electronic circuit power supply [22]
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2 25 25 14 7 0.6 0.42 14.29
4 25 0 16 6 0.8 0.48 16.67
2 15 0 12 7 0.9 0.54 16.67
2 15 0 16 6 1.0 0.57 17.54
6 25 5 16 9 11 0.68 16.18
2 25 0 10 8 14 0.65 21.54
4 15 25 14 9 17 0.67 25.37
2 15 0 14 8 2.2 0.92 23.91
2 15 25 12 10 2.4 0.96 25.00
4 0.5 5 14 13 2.7 121 22.31
4 25 5 14 12 2.9 1.08 26.85
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6 0.5 25 12 22 4.7 4.77 9.85
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2 2.5 0 16 11 5.4 3.51 15.38
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Fig. 5 Schematic of a multilayer perceptron neural network [25]
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® Tan-sigmoid

" Pure linear

8 Goodness of fit

® Coefficient of determination (R?)
12 Root mean square error (RMSE)
1 Average relative error (ARE)

12 Maximum absolute error (MAE)
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Fig. 4 Schematic of an artificial neuron [25]
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! Multilayer perceptron (MLP)
2 Training

3 Backpropagation

4 Levenberg-Marquardt

° Gradient descent method
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Fig. 6 Comparison of the experimental data and ANN model for t=4
mm, w, = 1.5 cm, d =5.0 mm and fac = 16 kHz
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Fig. 7 Comparison of the new experimental data and ANN model for
t=5mm, w, =2.5cm, d =0 mmand fac = 10 kHz

&=5mm élﬁ@aéw Joae b as ‘Sg)zc.‘laﬂlﬁscolo Gamlio 7 S
fac=10kHz 3d =0 mm w,=2.5cm

oz Bao gl b (Blae (6l cslin () ol pls 5l T GLol,S
o 31 S35 55 S ooty il s S 4 L g i Bie
oolatwl grads JolSG ol 5l ol ol ez 9 oS 5 bl alles
sl 0 00ls i LBy ol ,o8l S ylaels B S yo aiS e
g odg Bolal Ojge 4 Sl (golaad laml 05d so cdnlive a5 [oblen
slasl daclg> cpl 05,3 o0 13 Sb3)l 0y50 Bus a0l 5l eslaal L
slasl jl cidn wa gdlo e j0 a0 S |y adsl Lol cosex
S8 a9 LT 5l oolital b g wgd so Sl Wly lgie a4 Lol Corex
3ol gal e 10 g o0 oSl a8 Comex oS 5 Slee
Lt 5l oolatwl b g gl o Sl g Jlos! gl Lol Conan glacl
5bigm S5 B g Cner i SKlas S @ 5

OBl Corez 5 M), Cumaz (b ol Comaz Ll o
4 Ll 5l laegamme g Wgd oo i (Sinld Goll 5 g oS 5 oo b
S Glyz B G Jole (nl 0gdoe Sl e ol Coxex Hlyie
126] 55 o 1,55 S 00,91 1) Gigs by

329

B 5l eS ools opl (i5ly 055 <ds ax ST .ol oael B Jgax
s ol polie gy (Koo Lol el ool solod y53l5 (o555
aglie (e aSes Joo b Glojl 5 Gajel (slaesls 6 US4
Jie codal Cawdy oo (p3pmend Cubl iy sy slp 0l Cllas
ot | sz gobae Gl @ (Brae Gl g LB GLa Ce
ol @l b Ll oo 5 5S35 g0 & (oSl 5 (oo
Coles T JSE Syme o Jle glp b danglie eas gaSll
Glyp ool a3 Sl o rehu sl a5 Cwl 5 MM S sdlgs
u.t‘ 5O oul sl ul.....; slosls 6“‘[“’5 u;‘fl...l o sS.a)..ﬂ‘Ls..\.mLz.o
isel ln Lol ) el Sl s oos waz (as gaSed sl JSS
5o 4,51 098 o oamline a5 gl ylen .ol cais oolatul eas gaSl
Oler 4 ey s HB3, 6Nl IS job 4y Lol sl ol Uas blE aw
sl sy Joe 5l ooliiul b amy (idu 4o ol oad o Ghas (S 04
i &5 ke (G oS 5 oSS iyl SeS s 5 Ceowd ol jo

A AlgS e (B9 g0 (B pan GlgT A e p Cad (p iios 4

Silwdng -4
Ao Gy i -1-4
S 0, 8les (gilwdigs 3l jokate (b ools syl iy a5 jebjles
Ok S e 4 i & Sanl b uite 5l (oS 5 2L LoDl
2 Soge ol |y dlis cnl 098 cendpan (g axly il 4 QW)
)5 sidge b
Maximize V/P
subject to:
2<t<6mm,
05 < w, < 25cm,
0<d< 5mm,
10 < fAC < 16 kHZ,
6 < Vp < 24kV ©))
9y e 3l wieligr b bs, 3l Ol ee Al (al S sl
APV S W VORI VN IPCISA | A PP DES JPCEN < AR Ve PO 1
bl ool polo sy jo 55 eolitul "ol 50 (SslS 2,550 Ly
e 00l Jmreckie ;3 (o508 oS 4y g S5 w5513 onliul

i pia 395 oS 4y Wlawo Jo —2-4
9SGy Jaeol 5l a8 ol byt (giluaige by, So SGIS pk )sS]
(Silwdinge S5 sl by, NS wiS 0 s b WSS
Sl & (5L 5 95 o eolitul @l Sl 5l s S a,sSl

Joe Goiln 2558 500614 Jgur
Table 4Goodness of fit analysis of the model

R? RMSE ARE MAE

96.33 % 0.71 4.46 % 1.08

ohalesl slaosls sl Joe Gl (2555 5615 Jgur
Table 5Goodness of fit analysis of the model for test data

R? RMSE ARE MAE

95.69 % 0.93 4.83 % 1.08

! Genetic algorithm (GA)

2 Particle swarm optimization (PSO)
3 Simulated annealing (SA)

4 Ant colony optimization (ACO)
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Table 7 Optimized design variable values

t Wp d fAC Vpp R
(mm) (cm) (mm) (kHz) (kV) (m/s/kW/m)
2.27 2.13 4.68 15.48 10.72 30.67
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