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Abstract

Numerical study has been conducted in two dimensions about a NACA0012 airfoil with an oscillating microflap on the surface. We
show that this microflap is effective in controlling the unsteady stall at high angles of attack. We solve the compressible Navier-Stokes
equations for the Reynolds numbers with an extensible chimera grid fitted to the oscillatory microflap. For turbulent calculation, we
adopt the SST k-0 model. We investigate the parametric effect of angle of attacks, Reynolds number, and the location where the
microflap is installed.
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Case 1 2 3 4 5
Alpha (deg.) 15
Mach number 0.15
Reynolds no. 2 x 10°
Locationof 4,0 93¢ 05 06c 0.7
microflap
Microflap size 0.01c
Deploying rate
(deg/s) 3600
Deploying
time(ms) 25
Microflap — 060

deflection range

Table 1. Computational condition

Case 6 7 8 9 10
Alpha (deg.) 20
Mach number 0.15
Reynolds no. 2 x 10°
Locationof g4 93¢ 0S¢ 06c 0.7
microflap
Microflap size 0.01c
Deploying rate
(deg/s) 900
D'eploymg 100
time(ms)
Microflap — 0~30

deflection range

Table 2. Computational condition

Case 11 12 13 14 15
Alpha (deg.) 25
Mach number 0.15
Reynolds no. 2 x10°
Locationof o, 43¢ 05c 06c 07
microflap
Microflap size 0.01c
Deploying rate
(deg/s) 900
Deploying
time(ms) 100
Microflap —

deflection range 0-45

Table 3. Computational condition

Non-dimensional time Non-dimensional time
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(a) Lift coefficient, AOA 15°
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b 360 =) 4630 5040 5400

Phse angle
(b) Drag coefficient, AOA 15°
Fig. 1 Aerodynamic coefficients (AOA 15°, Ma 0.15)

MF ACl ACd ALD
location | ©! (%) cd (%) LD (%)
No 1 059 0.077 7.63
control

0.1c 0.55 | -5.73 0.14 74.74 4.13 -45.88

0.2¢c 0.66 | 12.14 | 0.086 11.12 9.93 30.20

0.5¢ 0.67 | 13.04 | 0.055 | -29.56 | 13.6 78.58

0.6¢c 063 | 722 | 0.056 | -27.88 143 86.97

0.7c 0.57 | -3.60 | 0.063 | -18.58 | 9.59 25.72

Table 4. Variation of aerodynamic coefficients

32 987} 20, vleks 015

Y AFE a8 24 EAEGIT. BEzto] 2058 we
opo] AR ERE 50% Yo FAAL of & YA F2H
g ZASo vlusiy e AEo07 AFsHE AFE Kol

I 2a)E AR vloja2EHo] €Y & Ity 7
ol WAEA R 28 wi= o]jd do] gslHEA A3
B 43S 2otk a8 an)S 2E olgd @bl o] 3
Ak 28 32 dojxde] AFste AL ¢ T2 E o
4771 4 99 §M Z2EE JE Aotk 1¥ 3w ¢A
OS2 HE 20%, 18 bt LHOZHE 50% YA vlo]2
FEZAS A Aot 31 A JFS0] TS B
T e, o|lAE F HluA A3 vlo|aZEYY FU|LF
e B AF JEye 978 47 oo 2ol AYsiy
o} ool xd SiHe] F7F Zof LA WA A W3] 9FE

primary vortex, o] EY Rl 7] WAIA WFe gRE

tertiary vortex, ©|E Atolo] EAlshs olo]Ed SIF-EY AA
HHak 9L F-2 secondary vortex2} &1 o] AAY b= mpola
2EHo] g0l T AAGYG A77F A& o7 Wi,
a9 3)E AHRY 357 F< primary vortex7} B ¥
of Faeo] FAYe] 719 g B 7 vk oE A3 &
A7 AgE e fEose Egd FES $AYol
T 43S Bk

- 388 -



3 WE7) 5%, vkekr 015

1sr T o] oM wrgzto) 25 U w9 HES d4ele A3}
020 £ vehih Bl 155Y de ¢4 fF utelt dop
1 08¢ AN AL @S Bl vlojd8 0] Qe A¢e o
R HozRE BT gFEo] oY 9Ee AuspdA A
& Fo FFo] vy BAAY o F71A AgS B

o7 et
O% 4@F BY oA T vug 2 379 dHES @
& & Aok of F A BaEY] secondary vortex7t 7HY A
°r o 729 Wt Alstet Tertiary vorex?] FA1E HAA &
1080 175 NEC 40 & WEHoE YAt dEHeE wEs 4 4 ok a9 4(b)
Phase & AR primary vortex7} 719 YA HX] |4 Lepdt

=
7482 18 594 A8l & 4 AUk Secondary vortex2}
tertiary vortex®] A= &S WHLE ®WsIL AsiA,

L2

(a) Lift coefficient, AOA 20°

0;' ) S primary vortex 49 A2E A9 Wt §lES B 4 ok

e Azel FAo) AN WEe Fate ol i Be7 wel

| o AAE QA 3 T 20 WsAZ] gl

Lo 1% 62 38 ASE depds vlolazEde) 947}
20% o ThE X9} nmate] A Fo] gk oL B 5
otk 2% 6@elA FHL wlolARZ o] del Eohe of
el A%o] YA, 2w AHS e vepi 1Y

ot 6b)s FEL EAGEE o) W) AAgS B 5 g

of

0. 11080 1 1170 — 12l60 13150 - 14’40

Phase

(b) Drag coefficient, AOA 20°
Fig.2  Aerodynamic coefficients (AOA  20°, Ma 0.15)

(a) 0.2¢ (b)0.5¢
Fig. 3 Stream distribution with various location of microflap (a) 0.1c (b)0.2¢
(AOA20° Ma0.15) Fig. 4 Stream distribution with various location of microflap

(AOA 25°, Ma 0.13)
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(b) Drag coefficient, AOA 25°
Fig. 6 Aerodynamic coefficients (AOA 25°, Ma 0.15)
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