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Flow-fields around an Owl-like airfoil at Reynolds number of 23000 and the angle of attack ranging from 0 to 9
degrees are computed using implicit large-eddy simulations. The Owl-like airfoil is thin and asymmetric one. It is
found that flow around the suction side separates near the trailing edge at low angles of attack and near the leading
edge and reattaches on the surface at high angles of attack. In contrast, the flow over the pressure side separates near
the leading edge and reattaches at low and middle angles of attack. Especially, laminar-to-turbulent transition can be
seen in the flow of the pressure side at low angles of attack. Furthermore, the favorable aerodynamic characteristics of
Owl-like airfoil are observed at low Reynolds numbers. The reason of it is that lift is enhanced by the greater positive
curvature of the pressure surface as well as drag is reduced by the suction side shape.
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Figure 1 Owl-like(solid) ,Ishii(broken, green), NACA0012(dotted,
blue) airfoil profile.

z(w)

Figure 2 Image of computational grid of an Owl-like airfoil

Table1 Detail of the number of grid point
é n ¢ Total
615 200 101 12,423,000

AE*, At

Figure 3 Distribution of grid spacing along an Owl-like airfoil
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Figure 4 Snapshots of instantaneous flow fields around an OwI-like
airfoil. Color contour indicates magnitude of streamwise velocity
(0-0.25) . Iso-surfaces indicate the invariant of the velocity gradient
(Q=5) and its color shows x-vorticity (range:-5-5)
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Figure5 Snapshots of phase-and spanwise-averaged flow fiélds
around an Owl-like airfoil. Contour indicates magnitude of
streamwise velocity (0-0.25).
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airfoil at a=0, 3, 6, 9[deg.]. Color contour indicates magnitude of
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Figure 7 Separation and reattachment location predicted by
current simulation as a function of angle of attack (a). Pressure
surface(Blue, square) and Suction surface(red, circle). An open
symbol indicates separation point and a close symbol indicates a
reattachment point. Black broken line is maximum thickness of an
owl-like airfoil.
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Figure8 Phase- and spanwise-averaged pressure coefficient
distribution of an Owl-like airfoil. Suction side (solid) pressure side
(broken).

Copyright © 2012 by JSFM



4.6 ZHEH

WENT, 77 rUBOE), HU7), BHUOREEEER T 5.
9|25/ 11%Ex CL, (D)Bi/1E%%k Co, (CYEBILL LD S3Af 2R
Fi, WEOWIRTH LN Lo T AR LA VBB THERE
DEWAHEOES, HiRE X OBH I b RO~ T
=1L, AT ABRTELE

Bt (Ko@) L, 771 oEo CUIETOIAIC
BWT, AH#EE EESZ LG, ZHUTEREE IR D%
£0K 1 OFAIEIROHIER LY, B FEOKX 2 EOMEIZL
TAHELY SREREIEBS 2D LB LND.

PR (R 9b) Lo, Kilfalmdfscrruriil
AHED Cp OFR/INAAIEDD Z Ebnd. Zihuk, AHE
DR FEITAIE TSR, 77 o vEORE FmHMGas T
HEEA IR T D, D=9, A TR L 72 5.

By (K 9@) 245 L, 265 b RS & [FkE,
LD i3I B CaRAREE Hal->Tnd. FHC a=6° Tldkx
KR 23 &0 ) @GO, 7 7 v o3I &
I CEMERERIRICH D L\ 2D,

5. 2D-Laminar 47 & OHEL
5. 1 EEEHNAHOLLE

10 \ZAFRSLD 3D-ILES FRTIZ & 0 45 DAV BT ) 1/5Ah %S
FONEZED 2D-Laminar FENTIZ & 0 455 7= B 15041 %180
ZEIRT

a=0° (¥ 10@@)) 0> 2D-Laminar fifAfTic LA 0fia b &, BT
O SR T2 EEOAEOE—7 B8 (E0A4—
—va— b)), TOREIIENINEIES 523, 3D-ILES Tz
Y AVAJAN

a=3° (X 10(b)) (2T, 438k v EE L TASUHIC
ELALD 2RV 2 RTINS T B 7= 2D-Laminar fEAT &
3D-ILES T DA —E L T 5.

a=6° (X 10(c)) ? 2D-Laminar fiffTCi%, «=0,9° O X 5 7%E
FIDFA—r3— a— MIBEZ IRV, FHEREORIHIZIBT 5
CpfIElE 3D-ILES BT & ) &/ S < Tp o TG, E etz il Tl
2D-Laminar SETO S VEJENRRKE < 720, #HGHEER KX < R
1 5.

77, a=9° (X 10(d)) ? 2D-Laminar fET iR & 22 EHDA
— =T a— MARLND. A3EITRZEBD, a=9° TIL3
WICHEDIR S L 72 5. 2D-Laminar it TlE = o X 5 72580
3 otk % b oWk 2 YOt x TLE S 728, EI0A4
— =T a— "I Y, FERE L CHERLEZELS AL 5. F
72 a=6° LIRRRICHEBHBER K& < RAED 5.

PLEDBLZMND, a=9° DL D7 A HANIIEOELIE RS
TR CIFENDA—"— a— " #Z L, 2D-Laminar fight &
3D-ILES OFEMmITE/IDAMIERE < 820, B2 T HIBEE L.
LAL, a=0, 6° O 5 RFWEALTHIUTADZETRE <72
B THENLD DFE T 5. Fio, oa=3° DX 57
Rz xR Fmoiln & iz Wik O JE oAk
2D-Laminar fgfT & Seeic—39 5.

5 26 MBERAENFEL VRO L
#EES D74

[ ]
1 [
08
Too06f
© [ ]
04
02 re
0 1 1 1 1 1 1 1 1 1
0o 1 2 3 4 5 6 71 8§ 9
AoAldeg.]
(@ Liftcoefficient (C,)
0.14
012 +
0.1 ®
0.08
Q
&
0.06
0.04 | o
L ]
0.02
0 1 2 3 4 5 6 7 8 9
AoAldeg.]
(b) Drag coefficient (Cp)
25
(]
20
[ ]
15
Q
2
10 b
[ ]
5 -

0 1 I 1 1 1 1 1 1 L 1

0 1 2 3 4 5 6 7 8
AoAldeg.]
(c) Lift-to-drag ratio (L/D)
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Figure 10 Phase- and spanwise-averaged pressure coefficient
distribution of an Owl-like airfoil. 3D-iLES(solid, red),
2D-Laminar(broken, blue)
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(c) Lift-to-drag ratio (L/D)

Figure 11  Aerodynamic coefficient as a function of angle of attack

(@). 3D-ILES (circle, red) and 2D-Laminar (solid, square, blue)
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