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Experimental research on active control of separation flow over airfoil

HAOQO Li-shu, QIAO Zhi-de, SONG Werrping

(National Key Laboratory of Aerodynamic Design-and 'Research,
Northwestern Polytechnical University , Xi'an 710072 ,'China)

Abstract : In order-tocarry out-the experimental research on‘active control of separated
flow over airfoils, two forms of synthetic jet-actuators based on piezoelectric vibration dia-
phragm were desgned.. The\hot wire anemometer measurements were performed on synthet-
ic jets with rectangular orifice'in quiescent environment. The resultsindicate that the vertical
synthetic jets can obtain amaximum speed of 21 32m/ s. The airfoil separation active control
experiment based on syntheticjet technology was performed in two-dimensional testing sec-
tion of NF3 wind tunnel , the inclined synthetic jetsin the airfoil experiment can obtain 10
m/ s order \magnitude speed , postpone the airfoil surfaceflow separation and improve the air-
foil stall's characteristic. When the synthetic jet actuator is working, airfoil maximum lift
coefficient can increase by 11 36 % and the angle of attack stall can increase by 3°. At the
same time, it s observed that the efect of active control on flow separation is effective when
momentum coefficient reaches the order of magnitude of 10 ° , and there will be no effect if
the momentum coefficient is less than the order of magnitude of 10 *.
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Fig. 1 Layout diagram of synthetic jet actuator vibration diaphragm
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Fig. 2 Object of the synthetic jet actuator
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Fig.3 Layout diagram of the\actuator in theairfoil-model

13

52%

17. 7%

52% 17. 7%

a(

4(a) L (
2mm) 90°
: (
4 mm
21 32m/ s.

0. 5mm

2300 Hz

3 0mm

8mm

) 0. 5mm

V,./ (m/s)
e

| ST S U S WU (N NS T SR S NN T ST S N NN ST W S |
1400 1600 1800 2000 2200 2400
f/Hz

(a) N[44 BE X3 BE £F) 3

18
17
16
15
14
13
12
11
10

D)

T T | 1

PR AT S NS S n
1400 1600 1800 2000
fIHz

(b) AN [ SRATAR 8 X 3 1 5

sl
2200 2400

w2 oo

4

Fig.4 Vmx vs. f with synthetic jet at different geometry
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Table 2 Performance parameters of actuator in the
different chord position

/
/ Hz / (m/ s) mA / nF
52% 1750 11 53 334 26. 7
17. 7% 2000 10. 45 20. 1 14. 2
22
5 15m/ s
52% 17.7%
30
1.6 -
1.4
1.2
1.0
0.8
&)
0.6
041
r No control
021 —a— 5.2% chord
0F —-—v—-- 17.7% chord
—o— 5.2% and 17.7% chord
02 F
0.2 L [ N | ]
5 0 5 10 15 20 25

(Vo =15m/9)
Fg.5 G vs. 0 with synthetic jet exerted at different
chord (V» =15m/9)

20m/ s
30m/ s . 6

15m/ s

1.6
1.4
1.2
1.0
0.8

0.4
0.2

AR AAASERERRERARRERRRRIRERRERARES]

LA RAREERREAS BRI

-0.2

- —o- - No control
——a— 5.2% chord

—-—v—-- 17.7% chord

—o— 5.2%and 17.7% chord

/(")

Pl 6 A [l 32 4 A7 . Akt A S 94 9 7 g iy £R

(V..=20m/s)

Fig.6 C. vs. & with synthetic jet at different
chord (V.. =20m/s)

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

G

LARARASRERRS RERRSRARANRARRS REARE RRRRERARRS ARSI

-0.2

- —o- - No control
—a— 5.2% chord

--—y--= 17.7% chord

—— 5.2% and 17.7% chord

1 " i L L 1 s n A L J

0 10 20

aln)

P 7 ORI %A AL ALk it o S 9 ) 7 g il £

(V..=30m/s)

Fig.7 C. vs. a with synthetic jet at different
chord (V..=30m/s)

52%
52%

11 36 %,

17. 7%

15m/ s



8 ; 1763

3
Table 3 A G % with synthetic jet at different chord and different wind speed
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chord and different wind speed

24
10
10(a) 15m/ s
, 10(b) 20m/ s
3
21 32m/ s,
11. 53 m/'s
10. 45m/ s, )
52% 17. 7%

Fig.10 & distributions with synthetic jet at different
chord and different wind speed

, 15m/ s
11 36 %, 3;

, 103

[1] Rumsey TB, Gatski WL. Summary of the 2004 CFD val-
idation workshop on synthetic jets and turbulent separa
tion control[R]. AIAA 2004-2217.

[2] Tang H, Zhong S. Modelling of the characteristicsof syn-



1765

[3]

[4]

[6]

[7]

[8]

thetic jet actuators[ R]. AIAA 20054748
, . PIV “ "
[31. , 2005,19(1) :83-86.
GU Yunsong, MING Xiao. Investigation on t he charac-
teristics and structures of unsteady flow field near the ze-
ro-mass flux jet with PIV[J]. Journa of Experimentsin
Fluid Mechanics, 2005 ,19(1) :83-86. (in Chinese)
[J3]. , 2005 ,35(2) :221-234.
LUO Zhenbing, XIA Zhixun. Advances in synthetic jet
technology and applicationsin flow control [J]. Advances
in Mechanics, 2005 ,35(2) :221-234 (in Chinese)
Ugrina S. Experimental analyss and analytical modeling
of synthetic jet crossflow interaction [D]. Maryland: U-
niversty of Maryland, 2007.
[J]. , 2008 ,38(3) :321-349.
ZHANG Panfeng, WANG Jinjun, FENG Lihao. Ad
vances in zero-mass flux jet technology and applications
[J]. Sciencein China, 2008 ,38(3) :321-349. (in Chinese)
[J31. , 2006 ,24(4) :528-531
HAO Lishu, QIAO Zhide. Maximizing the effect of syn-
thetic jet on arfoil separation flow control[J]. Journal of
Northwestern Polytechnical University.; 2006 ,24(4)..528
531 (in Chinese)
CGomesL D, Growther W J. Towards a practical piezoce-
ramic diaphragm based, synthetic jet, actuator for high

[9]

[10]

[11]

[12]

[13]

subsonic applications-effect of chamber and orifice depth
on actuator peak velocity[ R]. AIAA 2006-2859.

PIV [J371. , 2007 ,22(4) :
588-593
SHA Jiang, XU Jinglei , ZHAN G Kunyuan, et a. Exper-
imental study of flow field in twin circular synthetic jet ar-
rays usng PIV[J]. Journa of Aerospace Power , 2007 ,22
(4) :588-593. (in Chinese)
SmithD R, Amitay M, KibensV , et d. Modification of
lifting body aerodynamic usng synthetic jet actuators[ R].
AIAA 980209
DonovanJ F, Kra L D, Cary A W. Active flow control
applied to an airfoil[R]. AIAA 98-0210.

[J3]. , 2007 ,28(5) :1040-1046.
HAN Zhonghua, QIAO Zhide, SON G Wenping. Numeri-
cal smulation of activeflowcontrol to-airfoil stall usnglo-
cal synthetic jet [d7]. Acta-Aeronautica et Astronautica
Snica, 2007 ,28(5) :1040-1046. )(in Chinese)
, \ NACA0015
[J]. , 2008,34 (4) :

443-446.
ZHANG Panfeng, WANG Jinjun. Numerica smulation
on-flow control of/ stalled NACA0015 airfoil with synthetic
jet actuator in recirculation region[J]. Journal of Beijing
University-of Aeronautics and Astronautics, 2008 ,34(4) :
443-446. (in Chinese)



