Vol. 29 No. 6

29k HEoH m = % i
E Nov. 2008

2008 £ 118 ACTA AERONAUTICA ET ASTRONAUTICA SINICA

B4 S :1000-6893(2008) 06-1429-07

Bk o 5 B T 2 R 0 ) B AR T e B
SERER

ZRNLL, B, BER, Re, REH, KT
EETRRY WRARAENERALRE, BRI HE  710038)
Experimental Investigation on Airfoil Suction Side Flow Separation by
Pulse Plasma Aerodynamic Actuation
Li Yinghong, Liang Hua, Ma Qingyuan, Wu Yun, Song Huimin, Wu Wei
(PLA Key Laboratory of Aircraft Propulsion Systems, Air Force Engineering University, Xi’an 710038, China)

A B ATERSFETESHIUBENWEZNRES, #T T RS T E#BIH NACA 0015 &
HRENSBHZR PR TEET RS BBI B EAE . 52 BB 0 2R 55 %0 i 3h 4 3 ORI
FERWHEBER 72 m/s B, FEFRIIBBHTUERBMOHENR A AHRS &, BEAHT B RY
5%, BAMMIEARELAH I8HKREI 21°, XRFRRW . SEBTE RAEEBR, ARMHERK
BEAoBENREREBRAEETARISIMB N REMCERR S 2B EH AW R%; B &=, UEE
R RELHEL T, EREE T ARSI HERN 2 YRR EREF R REET 1o, EH

REE,
XEH: MEMREHRE; FETHRIME; B Rsia®; fAsiEH
PESES: V23 XEkARIREE. A

Abstract: Experimental investigation of NACA 0015 airfoil stall separation suppression by plasma aerodynamic
actuation is performed for the sake of improving the flow control capability of plasma aerodynamic actuation,
Research on how plasma actuation voltage, actuation position, duty cycle and pulse frequency affect the flow
separation suppression effect is done, It is found that when the inflow velocity is 72 m/s, plasma aerodynamic
actuation can effectively suppress flow separation on the suction side of the airfoil, which causes a lift augment
of 35%. The stall angle of the airfoil increases from 18° to 21°, Experimental results indicate that the thres-
hold voltage becomes higher as the inflow velocity becomes higher and the flow separation becomes more seri-
ous. The best position of plasma aerodynamic actuation is right at the leading edge of the flow separation origin
line. Power consumption can be reduced by adjusting the duty cycle for equivalent control effects. The best
control effect is obtained when the Strouhal number becomes one achieved by adjusting pulse frequency.
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Fig. 1 Typical plasma actuator layout

EETHRISHBRER R EZEAE P TR
— Y5 3 B T I WA T 0 B T 3
FRSHCCER P RIAIR ; R bk vh R 7 i
SRR B A L AR P TR B R BE SRR R R R R
ZIERBIR, AT M 2R M S A, X M7
A MR BIGRBARFIR L RE. FIOAR,X
i 77 AT BE (7] 77 7 » T LR SR B B B4R
52 MO E R . B My R, T
AP IS B 3 RE RN RED A

1.2 ZWHRE

THRARGUELRRER JRrhSE FAREE.
HESBIHR RS E W E RS,

ST EA . % NACA 0015 BRI, HAEKSE
T A BT R BT & 2 B R, B 20K o R
AR, S E A ERAE R HE., B
BEK c 4 0.12 m, B 0. 16 m, M A H LI
BARA L TREAME 6 M FRIHENE

S TR

TR

AL, 90 E AL i K P B 43 B 6L T 8%,15%, 350,
40%,60%,80% 55 K 4b . ¥Rh# R AR MR H
TERBG N, RE N B BEME R REER
1 mm,EERPYEFE AN 0.018 mm, 7 4 mm,
120 mm, EFHAREES 3 mm, ZEREIF
BT 3HBIER 3 HBLT 2%,20% ,45 % 5K KAk .

R BERRFERE B R 24 0.2 mX0. 2 mX
0.6 m, XEJEE X 5~90 m/s,

Jik v 45 4k e YR B9 B 1 B R 0~30 KV 4k
A B3R 6 ~40 kHz ¥ L7 i, kP 4R 2R 10~
1000 Hz #E4EmI 3, 545t 1% ~100% 3% £ 7]
W Y O IE SR, Th R 1000 W

B2 B R R S48 P601SA & K B 4.
P6022 B R4 F1 TDS3012B - il €%, Fl T & %
B RSSIEBESEBOR B E R AR RS S .

EAWRER S R DSY-IB B T & H Al
B, I & B 17 kPa, W EXEL T 0. 1%FS.,

2 LBERGHH

2.1 FRSNEHEE T E B T4 <3 #Eh#= & f
HEMXK

T 20,36,48,60,72 m/s ERMEE T
ML, ERERRN - FBEFRISSIBBHER
S SR TR BE T 3] LA 20 1 ) 3 AR O TR IR
OB REREANBREEDA. ERMERE
v=36 m/s i}, 5B F RSB ERY T LOE B ALK
MR REIDA o B 16°REGH 21°, HEE KRR
T A, R S0 T 3h 4 B BT R R R
EEER, XEREHRMBEMR,. EARZS
HE .

B 24 v=36 m/s.i A « K 16°F1 20°Ht i
TR, BB b=x/c,xa N EREERR
MERKPEE. 6 h TERNE R, RANESM
MREBZRKAE s YRIR p IEST, HRSEAM
. B 2 77 IL. oK i i 4 B 7 4R < 3h WU Y
NACA 0015 BRIR HEE R T B RETE 2,
WA B FARSShEURIE » T DA A0 R s 4
B, WAR20°,E1ANEAMBRNWE B —
1. 254 kPa Jgi/NE]—2. 135 kPa, 55 2 NI E S B E
F1H—1. 240 kPa J/g]—1. 846 kPa, i FI T.T.
ZRIRR S A N REE A R R X S
FHAS BB xR A B B SOR AT M R
?EE PSR, I F AR E R
FARERT Y 45.1%,

PDF C4:A#i 1] "FinePrint pdfFactory Pro" ifTiiA<6l%d: www.Fineprint.com.cn



http://www.fineprint.com.cn

LS Bk vh B T RS MR M R BRI ER S KR 1481

$o6M
I v =36 m/s
-05F
-1.0 [
§
Q
-1.5
= SR DN S5 B 1 LT =16
— TS T AR a=16
20k —ae RHIN S B TS B =16
1 — IR THAEE  a=16
0 0.2 0.4 0.6 0.8 1.0

b

H2z MimEs RSB RERE N ES 476
Fig. 2 Pressure distribution on airfoil before and after

plasma aerodynamic actuation
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Fig. 4 Threshold voltage to suppress stall separation

at different inflow velocities
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Fig. 5 Pressure distribution along surfaces of different

actuation positions

PDF CfH4#i[H] "FinePrint pdfFactory Pro" i kA G ww. Fineprint.com.cn


http://www.fineprint.com.cn

N

1432 o=

¥ iR 20 %

2R EEREES 1 HB RN e R EBE
N7 kV, B2 3 AR B EERER 15
kV. TR B R R B, ThFESE K, B E B R 5
B 2, B DA I SR s AR B B T DL R
TR SBE ) 1E ERE, EREE T AR
Jih BT DA #E 3B R B9 oK R BT A MO HE AT R 3
il .

LBRERN - FETRISIBRCEXES
WHRSI D EZRER, S TR BB
YERTE B R R H4E e B BRI 4 it » 2%
R R XRS5 AR S 6 F B — K.

2.4 HZEEMRINFEHHRBIZIAE

# v=60 m/s,a=19", % B TS 3 B K8
i B B 14 KV, R op S 2R [ %€ & 800 Hz, R
] di 25 LR R SRS EE IR W 6 B, 145 d 4
10 %08t , F B F ARSI B WEH KRR, A6k
IR T B R BB s d A 20 % B, L BEER 4 H
IR ST T R R BB, T K 21.5%;:d
30%~100 % B, #B 7T LA 25 o ) i) 2 A R S T Y
B8, BEHBREAARK;d K 100% 6, F
JIBERL 39. 7% MERBEE 525 A BRI, E 355
MRMLERBRT S8 T ARSI THFERNT)
RSB/ FB TS BEhE 0 R MR85
B EmAyE F R, IR ESE T

S BB B E T B 2 .
10k
-2.0p
[
2 -30F
Y N
o —— RN B TR SN
e d=10%
-40F e d=20%
. —— d=30%
r —t— d=100%
_5.0“ i " . 1 . i L i ) 3 " . i L . .
0 02 0.4 0.6 0.8 1.0

b

6 ARG=HUTEEREHESHH

Fig. 6 Pressure distribution along surfaces of different

duty cycles
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