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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research, pitching and plunging motion of bio inspired and NACA airfoil are simulated
Received 01 November 2017 numerically and the effects of reduced frequency, pitching and plunging amplitude on aerodynamic
Accepted 05 January 2018 coefficients, power-extraction and propulsion efficiency are investigated and compared with each other.

Available Online 25 January 2018 The simulation is done at Reynolds number of 1100 which is correspond to insect flight regime, using

dynamic mesh capability of OpenFoam and fluid flow is assumed unsteady, viscous and laminar.

K ds: . Lo .

B?g".”n";piied Airfoil Reduced frequency, plunging and pitching amplitudes vary between 0.05-0.5, 0.25-1.75, 15-75
Power Extraction respectively and phase difference between pitching and plunging motion is kept constant at 90 degrees.
Efol:r?lsion Comparison of result with published data confirms the validation of research. Combination of different
eather

motion parameter such as reduced frequency, pitching and plunging amplitudes determine that bio
inspired airfoil acting in power-extraction (fluid works on the airfoil), propulsion (airfoil works on the
fluid) or feather (no producing power or propulsion) regime, and qualitatively is the same as NACA
airfoil. The obtained results shows that with variation of reduced frequency, pitching and plunging
amplitudes, whatever close to the feathering regime, bio inspired airfoil shows higher efficiency than
NACA airfoil and vice versa.

Pitching and Plunging
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Cyanea) across wing span at 0.3, 0.5 and 0.7 wing span[17]
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Fig. 2 Power-extraction regime ( y > 1, ar/, < 0). apparent motion of
airfoil is from right to left and effective velocity vector coincidence with
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amplitude 75 degree and plunging amplitude of 1c
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Fig. 9 Comparison of Horizontal and vertical force coefficient at
various time step
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Fig. 10 Comparison of Horizontal force coefficient with Kinsey &
Dumas[4]
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Fig. 11 Comparison of vertical force coefficient with Kinsey &
Dumas[4]
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Table 1 Specification of generated computational grid

&3, blis slass
Do il i) ol shas , s
Josd !
0.01 14096 100 1156
0.005 29822 200 2156
0.001 43900 300 36
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0.001 64182 300 3 )
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Table 2 Comparison between results of present work and Kinsey &
Dumas [4]
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Fig. 8 Comparison of horizontal and vertical force coefficient at
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Table 3 Considered motion parameter for simulation

fr 6, Hy/c
0.05 15 0.25
0.1 30 0.5
0.15 45 0.75
0.25 60 1.0
0.5 75 1.25
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Fig. 13 Force coefficient Cx and Cy along with plunging velocity
V,,/Uo over one periodic cycle (power-extraction regime) at 8, = 60
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Fig. 14 Force coefficient Cy and Cy along with plunging velocity
V,, /U, over one periodic cycle (propulsion regime) at 8, = 30
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Fig. 16 Corrugated airfoil motion over one periodic cycle with 60 deg
pitching amplitude (power-extraction regime)
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Fig.15 Corrugated airfoil motion over one periodic cycle with 30 deg
pitching amplitude (propulsion regime)
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Fig. 17 corrugate airfoil horizontal force coefficient variation at various
plunging amplitude
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Fig. 18 NACA 0015 airfoil horizontal force coefficient variation at
various plunging amplitude
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Table 4 Result of plunging amplitude variation for corrugated airfoil

Mp NpE Cp Cr Hy/c
- 0.203 0.221 0.852 0.25
- 0.202 0.289 0.644 0.5
- 0.105 0.190 0.428 0.75
- 0.020 0.046 0.189 1.0
0.346 - -0.498 -0.172 1.25
0.552 - -1.342 -0.741 15
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Table 5 Result of plunging amplitude variation for NACA 0015 airfoil

Np Nr.E Cp Cr H,
- 0.205 0.224 0.790 0.25
- 0.191 0.269 0.595 0.5
- 0.086 0.156 0.380 0.75
- 0.035 0.080 0.157 1.0
0.345 - -0.519 -0.179 1.25
0.582 - -1.224 -0.712 15
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Fig. 20 corrugate airfoil horizontal force coefficient variation at various
pitching amplitude
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Fig.21 NACA 0015 airfoil horizontal force coefficient variation at
various pitching amplitude
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Table 6 Result of pitching amplitude variation for corrugated airfoil

Np NpE Cp Cr 0,
0.272 - -1.523 -0.416 15
0.463 - -0.792 -0.367 30

- 0.020 0.046 0.189 45
- 0.213 0.511 0.992 60
- 0.321 0.819 2.090 75
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Table 7 Result of pitching amplitude variation for NACA 0015 airfoil

Np Np.E Cp Cr 0,
0.268 - -1.420 -0.381 15
0.446 - -0.786 -0.351 30

- 0.020 0.080 0.157 45

- 0.199 0.477 0.886 60

- 0.335 0.855 1.949 75
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Fig.19 Comparison of horizontal force coefficient variation of
corrugated and NACA 0015 airfoils at plunging amplitude of 0.25 and
15
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Table 8 Result of reduced frequency variation for corrugated airfoil

Np NpE Cp Cr fr
- 0.124 0.278 0.897 0.05
- 0.141 0.318 0.557 0.1
- 0.020 0.046 0.189 0.15
0.449 - -1.925 -0.864 0.25
0.292 - -20.316 -5.940 0.5
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Table 9 Result of reduced frequency variation for NACA 0015 airfoil

Np NrE Cp Cr f*
- 0.078 0.176 0.685 0.05
- 0.093 0.210 0.461 0.1
- 0.035 0.080 0.157 0.15
0.423 - -1.898 -0.803 0.25
0.319 - -17.320 -5.518 0.5
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Fig. 22 corrugate airfoil horizontal force coefficient variation at various
reduced frequency
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