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Comparison of propulsion efficiency and power extraction of bio inspired
flapping airfoil and NACA 0015
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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
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Available Online 25 January 2018 coefficients, power-extraction and propulsion efficiency are investigated and compared with each other.

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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0.5 0.3 Jolgd ;0 5 Slow L] SBlowws Jb sailes sloel jo alaiio 4 5 S
[17] )L wles 510.7 4

02 oplosts 18 093 1397 i)l (oI SHlle (S

Al (i S el 0 e galex aly aScal lp Sed e

ol @ly 5o 058 ol (10) asles ©j50 @ gl log @b (il

Syl o)Ll i ) 4 as cunl ot cdl> S

=V, (0)
Uc

0(t) = tan™1( ) a0

e Sz 5 Bl ey P 4 e Sl (See bl oS >

Ol Sap nl adl (B JSC8) 958 (alls () pt Sl amis )3 5 098
a5l Y (g050e (595 Goyb 5l Sl (535 25U (gl plol o3l
@ lply Sl Goges almlr Cur S )3 090 S5 (nl e
AFie 8 Sy 0 o ) hstnl o s0,8kes w5, Ol Sobe
@ a5 oges plugs anels 5 laygly Glugs aels o psd b S (o0 Glugs

Bl s ol S Sy 5 Ar/s g i jsb

Ol 9 Oy (89 48 ! il Ulgs -4

Ol e Egozme Sl > 1 glil @ oy 3l oads gl pel slalad ol
5 ol 55 miee 3 By0) = V(O (6) (il iboss <5 51 ol
HeeS M as” T g ciods Py (8) = M(D)Q(E) lagl; Slog oS >
oxd glysal lawste Iy crs cnlnly ilis Xp Oly9d S50 o>
Sgd sn diliee (13-11) Yoles 31 ISes S 30 (Cp)

c P

= 11

’ ~pUsc @D

6p = Epy + EPG (12)

A 1 V,(t (t

Cp= J {Cy(t)#+ Cu () %}d(t/T} a3)
0 o) o)

tT=1/4

tT=1/2
Fig. 2 Power-extraction regime ( x > 1, ar/, < 0). apparent motion of
airfoil is from right to left and effective velocity vector coincidence with
the apparent trajectory
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Fig. 3 Feathering regime ( x = 1, ar/4 = 0). apparent motion of airfoil is
from right to left and effective velocity vector coincidence with the
apparent trajectory
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from right to left and effective velocity vector coincidence with the
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Fig. 9 Comparison of Horizontal and vertical force coefficient at
various time step
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Fig. 11 Comparison of vertical force coefficient with Kinsey &
Dumas[4]
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Fig. 8 Comparison of horizontal and vertical force coefficient at

various grid
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Table 3 Considered motion parameter for simulation

fr 9:) Hy/c
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0.25 60 1.0
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Fig. 13 Force coefficient Cx and C, along with plunging velocity
V,,/Uo over one periodic cycle (power-extraction regime) at 6, = 60
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Fig. 14 Force coefficient Cy and C, 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 Fig.15 Corrugated airfoil motion over one periodic cycle with 30 deg

pitching amplitude (power-extraction regime) pitching amplitude (propulsion regime)

423 60 (slaygly Glugi aels b gl 0,99 4 45 (S hisfnl o5 > 16 JSb 30 slansly plosgs anals b gl 0,50 Sy 35 sy gl &5 > 15 JS&
Ol gl 023 (O yi w5) 42y

02 o)las 18 0753 1397 cniiagsl i ywore SilSa ussiscn WWW.SIE3.1T


www.SID.ir

Gwgs S a 530015 KL 9 i) slaJagd pal ulgs ZlpStiml 9 ol piing 03)b samlio

Ubed 9 s3ds pmw yule

r T —T —— T 7

2+ —
1_ -
L ]
N CU

23,

= 0{«%5;%6%«; ® A
o L ”DDD’?;F’
[ o <]

.l— -
2 -

C T T T T 3

0 0.2 0.4 0.6 0.8 1

t/T

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 Np.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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Table 6 Result of pitching amplitude variation for corrugated airfoil
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Fig.21 NACA 0015 airfoil horizontal force coefficient variation at

various pitching amplitude
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Table 7 Result of pitching amplitude variation for NACA 0015 airfoil
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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
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Fig.23 NACA 0015 airfoil horizontal force coefficient variation at
various reduced frequency
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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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