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Investigation on Local Vibration Control of Airfoil at Low Reynolds Number
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Abstract: The effect of surface local vibration excitation on the aerodynamic characteristics of SD8020 airfoil
under small angles of attack is studied by numerical simulation at Re=4X10*. The influence of vibration
frequency and amplitude on the flow characteristics of airfoil is studied from time averaged and unsteady
aspects. The results show that local vibration at 2° and 3° can effectively affect flow field, promote the
transformation of the laminar separation bubble structure and improve the aerodynamic performance of the
airfoil. It 1s found that the effects of vibration frequency on aerodynamic characteristics and flow field structure
of airfoil are similar under different angles of attack. When /=32 Hz, the improvement of aerodynamic
characteristic is the most effective. With the increase of the vibration amplitude, the separation bubble
structure span becomes smaller and moves towards the leading edge. The further unsteady analysis shows that
the evolution process of unsteady vortex presents the similar mode under the same control strategy. And
pressure pulsation frequency at chordal position is consistent with the vibration excitation frequency. It can be
found that the unsteady characteristics of the flow field are dominated by the vibration excitation under this
research condition.
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Table 1 Comparison of lift and drag coefficients under

different vibration frequencies at AOA=2°

f/Hz C, C, c./c,
0 0.067 1 0.0221 3.033 2
16 0.199 7 0.020 7 9.654 7
32 0.2030 0.0199 10.226 2
48 0.194 4 0.0199 9.789 4
64 0.127 2 0.020 4 6.2419
128 0.065 0 0.0213 3.053 3
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Table 2 Comparison of lift and drag coefficients under

different vibration frequencies at AOA=3°

//Hz . C, C./C,
0 0.3970 0.024 1 16.452 6
16 0.199 7 0.020 7 9.654 7
32 0.308 6 0.0210 14.716 9
48 0.192 4 0.020 0 9.638 2
64 0.1238 0.020 4 6.075 3

128 0.059 0 0.0219 2.6930
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Fig.6  Time-averaged pressure distribution on airfoil surface under different vibration frequencies
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Fig.7 Time-averaged velocity field under different vibration frequencies

A Ry 3°BF, A3 AN [E R AR B R 0 R T 4 A
5y, AREA N R 24 L-LSB 4584, [ )
FBO AT AN R W2k I i B B (RIS
B — A~ HiL RS 5 (X, X S T T 2R 0 R
MR B 40 R Ol 32 Hz B, i 4K IH 2 35 L-LSB 4%
R AR 3 B8 30 RS R BE N, R T 43 A 1 °F 5 X
WA FEuk /N, Y0R8 2 64 Hz X LA L, i
H L-LSB #% 48 S 25 Rl e A 32 A1 T-LSB (1 454 , X
DRI iR 3 A 2 VNS B i S PN &) )|

FREO T B TR AR AR 2
2.2.2 ®RFHWIAY R

Bt X AN T) i Bl X Bl R 1 % i B 5 A 1
SRR e T R MR 0.000 5¢.0.001¢ F10.005¢ 1F
Wi 5 AR hE P Bl [ S 32 Hz, AL 3R 2l i
HWEESH THRIZIEE (LA LA A
0220.02¢, 4 T 31 )2 B B 1/ — A~ i AR o ik
SR ) -

23400 B R kg 20 3T R B 1 R



543 G JASF AR TR BT SRR B R B4 AT R 681

XFE L 24 4§ 3 i A8 A 0.000 5¢ F0.001¢ B &k 5 %5
i, T 1 2 BCE TR BRI, 2 )5 B
L AR 386 T, 2 74 200 28 W A 55, DR IS T AR R R
BEL 77 FF b b Tt 5 T 200 £ 3° R it fin 4R 20 42 i 59 2R R
By 20 RS AN R4 S0 MR 1L 10 48 1 35 R AR B
[ B BEL 3 28 Co 5 7 00 R BCRR AT — 2 AR B 1030/ o
JC % 3 35 R 5 it i AS 5] 9= 2 e (3% 3h 35 R
1 2% 18 7 249 0 2 804 A R34 3 3 04 6T L A
K89 sn , il # g 27, ik A 38 Sy il 7Y fY
T-LSB %54 , 78 Jiti i AS [8) g B4 sh 5, 5 35 3 4 11
AR AL A R AL, B B sl it i, 3L IS AN B
WA B EE R, JG 2oy B TH O TR 45 4
T-1.SB #4725 oy 25 i 1.-1LSB 45 44, % i 38 44 3¢ 1 J&
FIo AR, TG g Vg W 3 0, 3 R s TR O &R
B i JE R BT A oA AR Ry 3°R il 2 IR B R
B, WM IH AR L-LSB 4544 , {8 43 25 90 R~ #l
K BEW/IN | 7 43 A7 T 2% W W B/ e 43 A

=15

—EK
-= 0.000 5c

0.0 0.2 0.4 0.6 0.8 1.0
x/c
(a) AOA=2°

FE X ALA TN, B EFEAT G, U R
MK B 1 2B BT/
£33 AOA=2°FEIRZNIEEFFE R E 3T

Table 3 Comparison of lift and drag coefficients under
different vibration amplitudes at AOA=2°

Alc C, C, C./C,
0 0.067 1 0.022 1 3.033 2
0.000 5 0.208 9 0.020 3 10.289 7
0.001 0.203 0 0.0199 10.226 2
0.005 0.194 1 0.020 4 9.5191
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Table 4 Comparison of lift and drag coefficients under
different vibration amplitudes at AOA=3°

Alc C, G,y C./ Gy
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Fig.8 Time-averaged pressure distribution on airfoil surface under different vibration amplitudes
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Fig.12 Unsteady flow field changes at different times in a
pulsating period under vibrating state at AOA=2°
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pulsating period under basic state at AOA=3"
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pulsating period under vibrating state at AOA=3"
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