332-323 yoye A1 olesis 17 093 1396 (yoie (w30 SuilSo (wIiie dlxo

9 ole dolinle _'_==
—
: . =
0 S0 (Swigo = 5
mme.modares.ac.ir _;',-.:-;_";a?j;;

lowdly & om0 53 (B yan (O FIN Ol 4 QW Ob 2 C o S Silwdue
03 (0129951 § E g0 ual (G4 Kas” 4 DBD

#3 “!‘ﬁ‘da’ |°(2 9'“,3:")320:“&4)&&}&3-“4&4“@

O (st Sy olSils Lablan pwine i) (wlid IS i gol il 1

O s ol algs inio oSl Lablgn puign 105> g gal il -2
Ol cyde Ca 5 olSily dlablon  pwdige oybabiwl =3
ebrahimikm@modares.ac.ir (16765-3381 _wy §oiio o))y #

N s coleb!
5 Iy ol RKimeh 5l ()b 45 b cand & M Gbys Jd JyiS cpg byl (S DBD lewdly (slacS e JolS iy Al
o e 1085 58 e b ) e 5 )y e 5 5 150 s ks
i Cndl | 030 S pea 3,Skes (g 4 a4 (oS 5 (L it F9SUS slapiio @ Span 5 nigen 5 ) 1396 427 resto o )
2550y halejl (bl b, 5l edlisial b Ll DBD (plewsdly (slacS oo 5Shas (silotinne pslaie 4 Gimgly ol 53 Cusl o555 il 4l
by 5 Sl cudbies dadg il G galol) (posin lajsio 5 (Job> (il g W) (S0l lapiie S (JolS Jlole DBD (plowdl; S pxe
Pl &85 025 wp 230 ol sl 4 Ll Supps Sl ) (Bpae (Sl gl g QW Gl e g (o3 3958 ol ey
Jasl g oad &l (Brae (s a4 QU by Co g Cond lp Jhe S Vs gy (Sohas (ras sod | ol L abl rae Sl Oy
sloodly g bjgal (slaodls (gl 2oyd 95 (Vb jasuis cuys | (Sl bt ol 0ud I8 amo oy (6l] ygo 4 e ol “’Cw:::c:f;
1 =) )

Omrigwdin 5 (S Sl gl yuiiio (g Hldog ol dige S5 wiyeS I ool b o dbul (p 3l Jae (bl 5o Cusl o iolesl
).g‘).g J (B ypan 0195' 4 Oy Cand g 0dd dblo digy glopaie glis p uS)m ool Cuwdy g|9.> el ot dl)g.c,wl (X
9 Jde Vb €3, Silo Jto Lawgs odd i e b jlade oyl (sao)d 3 dgus S el o (65051051 29.71 m/s/kW/m

ol 00 &) g, gy

Optimization of the ratio of induced flow velocity to electrical power
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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)
1% Digital multimeter (VICTOR VC97)

1 RMS digital multimeter (MS8226T)
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! D-optimal

2 Response surface methodology (RSM)

3 Sequential quadratic programming (SQP)
4 Full factorial approach
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Table 3 Sample experimental data
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Table 2 The levels of geometrical variables [21]
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{0.5,15,2.5} {2,4,6} {0,25,5}

Unsteady Actuation HV Transformer High-amplitude

AC Voltage
Signal Power
——
generator amplifier I
1:250
= Plasma Actuato!
Sine Wave Variable Gain - - el

Fig. 3 Diagram of electronic circuit power supply [22]
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(mm) (cm) (mm) (kHz) (kV) (m/s) (W/cm) (m/s/kW/m)
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
4 15 5 10 14 2.7 111 24.32
4 15 5 10 15 3.2 1.24 25.81
6 25 5 12 15 3.3 1.39 23.74
6 0.5 5 10 19 3.4 171 19.88
4 0.5 5 10 17 3.7 1.63 22.70
6 0.5 25 10 24 4.3 4.35 9.89
2 15 0 16 10 4.4 1.94 22.68
6 0.5 25 12 23 4.4 5.73 7.68
6 0.5 0 14 16 4.6 2.72 16.91
6 0.5 25 12 22 4.7 4.77 9.85
6 0.5 25 12 21 5.0 3.99 12.53
4 25 25 16 13 5.1 2.49 20.48
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
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subject to:
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Table 4Goodness of fit analysis of the model

R? RMSE ARE MAE

96.33 % 0.71 4.46 % 1.08

ohabesl slaosls sl Juo 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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Table 6 The parameters used in the Genetic algorithm
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Fig. 9 Contour plots of induced velocity (m/s) per power consumption (kW/m) with respect to the variables (the circle indicates the optimum point)
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