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In the present study numerical simulation of synthetic jet is performed to optimize geometric parameters
and excitation frequency to maximize mass flow rate and velocity of the jet and to avoid separation on
the airfoil. Geometric parameters include: diameter and height of the cavity and orifice and excitation
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
are designed. After studies and initial simulations, the range of variations in the effective variable
parameters for the maximization of the target function (jet velocity and mass flow rate) are determined.
Then, using the RSM, 32 separate tests are defined based on geometric and frequency parameters to find
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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Table 1 Geometry of the synthetic jet and oscillation frequency of the
base case
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Fig. 1 Schematic of simulation domain include diaphragm, cavity, and
orifice of the synthetic jet
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flow rate 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
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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
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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
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Fig. 8 Effect of diameter of orifice and height of cavity on the synthetic
jet velocity
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Fig. 9 Effect of height of cavity and height of orifice on the synthetic
jet velocity
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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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synthetic jet velocity
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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 e il ly 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 ho (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)
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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) X D, (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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