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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present study numerical simulation of synthetic jet is performed to optimize geometric parameters
Received 16 August 2017 and excitation frequency to maximize mass flow rate and velocity of the jet and to avoid separation on
Accepted 16 October 2017 the airfoil. Geometric parameters include: diameter and height of the cavity and orifice and excitation

Available Online 01 December 2017 . ; i /and ¢ :
variable Online B Lecember frequency of diaphragm which are selected as variable parameters for optimization. Using Response

Surface Method (RSM) in this research, the simulations for optimization of the momentum of jet flow

Ee?;\':;ﬁ; synthetic jet are designed. After studies and initial simulations, the range of variations in the effective variable

Active control parameters for the maximization of the target function (jet velocity and mass flow rate) are determined.

CFD Then, using the RSM, 32 separate tests are defined based on geometric and frequency parameters to find

Optimization a second-order relationship, which relates the target functions to their variable parameters and their
interactions. In this case the RSM prediction for the maximum velocity and mass flow rate of the jet are
22.16 m/s 0.0006 kg/s, respectively. Using RSM to optimize the geometric parameters and excitation
frequency, jet momentum increases considerably in comparison with the first simulation. The velocity,
mass flow rate, and momentum of the jet are increased by 31%, 36% and 78%, respectively.
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Fig. 1 Schematic of simulation domain include diaphragm, cavity, and
orifice of the synthetic jet
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Table 3 The effect of diaphragm oscillation frequency on the synthetic
jet

Table 4 Effective parameters and their ranges for RSM

Hz) i85 3 Sialejl o,les

. ° oty 5l
ay B sl W el
D. (mm) H;(mm) d, (mm) h,(mm)
600 50 10 5 5 al ol
400 30 5 3 2 b aneS akis
800 70 15 7 8 b aininy alais
! Minitab

69

50
100
200
400
600
800

1000
1200
1600
2000

SBoow~voorwnr

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Swdie



S B L) 9 s ygaled

Jb 690 U182 03333 )1 65 9k Sl Saamiaw wa Gl QUL )3 9 WD S ylobrly ) disg

X oa”] 5 Jeaz o u...\La)] ‘5';-1)]9 wlize glacdl> ol S
&l el gy Gigy Julss ar (ls8 e sl s 4y il eolazul b .ol
S0 Boa e el b aige polie (409 Caws 4

&b 935 9 @S Julod -7

LS Gl dg) Gy, by sileaned @l LS 4 Olgiee (e
elas,l gyl _waie gl el )b b St S e s alayl) (12) alayl

5 oslil b a5 am oo Lt |y 151,340 ibei )| el 15 g s 3l 5 0 i
ol odel Cowsay (iludnd S g ol aig; (09 45 0 by
Vier = —104.062 +8.334 h, — 10258 d,,
+3.093 H, + 2.176 D, + 0.193 f
—0.015 (D, - D) + 0.214 (h, - d,)
—0.193(hy, - Hy) — 0.022 ( hy - D,)
—0.007 (h, - f) + 0.245 (d, - H,)
+0.130(d, - D) + 0.009(d, - )
—0.034( H, - D.) — 0.002( H, - f)
—-0.001 (D, - f) 12y
A8 e o el b St Co ayr (o0 alal,(13) 4l
2o e Glad 1) 513k (Ala )l lS 2 5 (e 5l 5 058> el
Mfier = [-39.6488 +2.9531 h, — 1.7559 d,
+1.5167H, + 0.5603 D, + 0.0525 f
—0.0581 (h,, - h,) — 0.0826(d, - d,)
—0.0134 (H, - H,) — 0.0036 (D, - D,)
+0.0201 (h, - d,) — 0.0754 (h, - H,)
~0.0085 (h, - D.) — 0.0022 (hy - f)
—0.0073 (d, - H,) + 0.0426(d, - D,)
+0.0024 (d, - f) — 0.0119( H, - D,)
—0.0006(H, - f) —0.0004 (D, - )] x10™4 I
oy De s Holy g i sloyial )y (13) 5 (12) Loy, 5o

el 4l 0 S hS iy Mot 45l 2 S ez Viet e she

o eie 6o ol ek i gl Ll 5l ol Caws 45 (sl y5lS
oads ools lid (gl el Las co LA 1) oy Oy90 03 j0 Bu milgs
S Sepw g B G g owsie lagally 6 4 by
5 ooyl a8 e gl g1 sl el rals a5 el bassl e
Ol b Jlew co e M5 S p0 e0ls liad polie j0 6 ja> el
sy g0 Al Hlake S A (60,58 o5l jo uilS S ralS g oyh> lad
oyl ol o e e 60 sga> oja> Jhad g 5 ,e 500 sgas uilS)
Oxols a5 el b sl e 093 aion Jlade 4 1) Jlw Co S pe
5 osle lis polie jo oy Jlad g glas,l (ol gl sl sl
oS pdlie g byl SR8 oo polie )3 Jlw co Cp 6 ST
S ertnysl Sl o0 ae ke S ay (IS8 6l 5,2 500 )
Jbw cor o bl ol o el 60 sgu 53 00> Sl g e e
Wil oo 095 dlion ke 4y |

13 olS 5 g 0 i 65| s g 6105 (gl szl by EEOASS Coli |
@ S (A5 Ojgo 4 s Co e g [T S 0 eols ylis polhs
10l ol s e g e Ll ol e ielS LS glacl
ol S8 slaygtls ams o &) 08 g el gl SlaS Lawgie polie
G 53 sk 50 0ji Sl g e des 55 i ol Slad 45 i e
el sl el )y il a5 col b oS o ain 1) Co Gy S
S M8 S o 0ls ylis polie jo wilS )8 g 0y ad iy gl

12 o )lais 17 095 1396 sl (w30 SilSo uwdise

9oyl 93 lp g0 iluand @S 5 bl (>b 5 Jgu

Table 5 Design of Experiment and simulation results for two target
functions of the synthetic jet velocity and mass flow rate

Mfie f D H d h .
G99, Ve ) m) m) ) ) S
2.76 18.7866 700 40 7.5 4 35 1
2.49 16.9076 500 40 7.5 4 6.5 2
186 56305 500 40 75 6 35 3
439 132793 700 40 75 6 65 4
2.03 13.8203 500 40 12.5 4 35 5
1.69 11.4981 700 40 12.5 4 6.5 6
441 133219 700 40 125 6 35 7
2.79 8.4264 500 40 12.5 6 6.5 8
2.80 19.0494 500 60 7.5 4 35 9
2.31 15.7434 700 60 7.5 4 6.5 10
6.19 18.7125 700 60 7.5 6 35 11
595 17.9976 500 60 75 6 65 12
1.84 12.5435 700 60 125 4 35 13
198 134384 500 60 125 4 65 14
463 139920 500 60 125 6 35 15
346 104736 700 60 125 6 65 16
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368 160199 600 50 100 5 80 18
132 159574 600 50 100 3 50 19
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Fig. 8 Effect of diameter of orifice and height of cavity on the synthetic
jet velocity
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Contour Plot of V jer (m/s) vs He (mm), #o (mm)

15.0
V_jet
(m/s)
< 3
125 P
- [l 6- 9
g [ 9-12
E 100 Wii-1s
= W15 - 18
MW 18- 21
7.5 H 2
Hold Values
do (mm) 6
50 De(mm) 60
ho (mm) f(Hz) 700

Fig. 9 Effect of height of cavity and height of orifice on the synthetic
jet velocity
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Contour Plot of V_jet (m/s) vs f (Hz), Dc (mm)
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Fig. 5 Effect of oscillation frequency and diameter of cavity on the
synthetic jet velocity
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Fig. 6 Effect of oscillation frequency and diameter of orifice on the
synthetic jet velocity
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Fig. 7 Effect of diameter of cavity and diameter of orifice on the
synthetic jet velocity
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synthetic jet
St E2 bagio Sy el 51 S0 e ol 0l 36 11 S

5 0.00050] 2 0.000501 .//
< 2
»éﬁ 0.00035 o—o—2— o —* Es_ 0.00035
S 0.00020) 5 0.00020] /
3 5]
= 0.00005 S 0.00005
20 35 50 65 80 3 4 5 6 7
ho (mm) do (mm)
2 0.000501 Z 0.00050
> =2
< .\.—l =
s 0.00035 = 0.00035 0o
€ Te—o €
‘5 0.00020 %5 0.00020
o =
g <
< 0.00005 £ 0.00005
50 7.5 100 12.5 15.0 30 40 50 60 70
Hc (mm) Dc (mm)
2 0.00050f
£
= 0.00035 L.
£ -« e
‘5 0.00020]
5]
S 0.00005

400 500 600 700 800
f(Hz)
Fig. 12 Main effects of parameters on mass flow rate of the synthetic
jet
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Table 6 Interaction effects of parameters on the jet velocity

S s il g Jel o P Jule Lo el
0.002 do (mm) XD, (mm)
0.003 D. (mm) Xf (Hz)
0.006 ho (mm) Xf (Hz)
0.014 do (mm) Xf (Hz)
0.020 Hc (mm) X D¢ (mm)
0.039 he (mm)XxH, (mm)
0.074 do (Mm) > He (Mm)
0.104 He (mm) xf (Hz)
0.317 h, (Mmm) XD, (mm)
0.323 h, (mm) Xd, (mm)

S o @ byl S0l RSE T Jgua
Table 7 Interaction effects of parameters on the jet mass flow rate

Co (20 omibyly Jelos o P ele b 2\l
0.000 do (Mmm) XD, (mm)
0.000 D¢ (mm) Xf (Hz)
0.000 ho (mm) Xf (Hz)
0.000 Hc (mm) XD, (mm)
0.001 he (mm)XxH, (mm)
0.002 do (mm) Xf (Hz)
0.019 Hc (mm) X f (Hz)
0.051 ho (Mm) XD, (mm)
0.617 ho (mm)xd, (mm)
0.762 d, (mm) xXH, (mm)
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Fig. 14 Validation of RSM prediction for jet velocity with numerical
simulation results
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Fig. 15 Validation of RSM prediction for jet mass flow rate with
numerical simulation results
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Fig. 16 Improvement of jet velocity using RSM and numerical
simulation
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Fig. 13 Optimization of geometric parameters and oscillation frequency
to maximize simultaneously jet velocity and mass flow rate
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Fig. 17 Improvement of jet mass flow rate using RSM and numerical
simulation
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Fig. 18 Improvement of jet momentum using RSM and numerical
simulation
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Fig. 20 Contour of jet vorticity (1/s)
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