DCSTAN -

CSTAM 2012-B03-0159
R [0 B el AR Rl AT 30 0 B SR B B 5T

HE, B, TEX ANTHE, BRR

EEMBEMARFMERFE5 TS
RAENFHERERALHLE (EMEMAKNE)

%‘t@é.uuﬂiﬁ ?'_%L'jt/z\l)(
2012 11 B 12—14 B T/ - &%

Copyright © 2012 JRIUFTH 1 E )24
Huhib: b PURRVE S 155 BRI I5:100190  Address: No.15 Beisihuanxi Road, Beijing 100190



%‘t@ﬁ.umﬁgﬁ $7k§1«)‘(
201211 B [/ - E#

F& o) &= BN IZ &I AT B 47 B 52

T, K

WE AU 1) B B R BB RO R B B P ORISR E
=8 Re=28000, BMAILHl a = -10° ~ 40° . FH

HIsEm . SCIGAEAC AT, JET 54K ML

O EREXC
s CIESOMAN R AR FAFIE b TR
b ORI AR GRS |

CSTAM2012-B03-0159

_ﬁﬁﬁ;‘ﬁ ¥

+, j‘d%ﬂ%*’ +, i%riﬁ%*,+
AR, dEatHERE X 100191)
JeatiEiEX 100191

Eill LS

RIENROIBTTEPE B AL, 858 AU BRI R RN . S 25 3R g )
TR 20 SE SR 73 B AT W SOR s SR RSB AR YR B 7 B A BE T 5is 5% 1 R A AR K 1
S S WAE RENS S A2 B T BB A AR o S sh P2 hIL R S0 4R s T 1) 10 Sl I S 52 3t

By =AARIENA: R BEEHN . R
R AR, WENE, s, sk

5l

o}

$8 T ok BEL it 45 T S8 i — A F 2y 7] 2
KRBT B4, ki sh 4 T Bl
3?fjﬂméﬂf{£ﬂ$§ﬂ%ﬁiﬁﬁﬂm, DLBG 58 AT 28 51
WHLE ER MGG SR ). XKD
P 7 B AR R A B MR RS T A B 2L

WA R A AR R AR B e, R

PR BB AR B AR A AH A0 5 In) e 5 1R 3T ) 904
NI SUR Y =P PR ek St Bl EIV R
B H ™ RURE G VR B B AT A, R
T 5 A s R AR RS 1) T8 B TR 1) 90
Ab, FORURHE P T8 B S5 T 45 R (R 1) e A1
X ATEEHEZ ) I R AT 120 523 K e ()5 it 25
AL AR . ZE JRATT LA T 1 g 1) 25 P 8l
P2 1 PR ARG G B, e I B R
ERRE TG —FF, 2 A2 B RIRE R 3AE m do F 4 iy
ZERPY, R AR AR AR B R 1R B R Y % th
Ref T AL KRB R B 7 Bl i H S
GINEE DARry El = AR o E - T D Bl B NS & K
W AT R Y

SRR KA R Re BB, @it
et BN SR B) Sl 7s T AR e [h) 45 ) R
i T kA ) A AR SRR Bh 4 B
R IBLE], BT R B AR T 5% 1) il
WS A B At R L 47 T 5 R PR 5 W

D R HAREELIH (50836006)
2) Email: guohui@buaa.edu.cn

0 B AT BRI R A ¥

1 RWREMAZE

I A Al 5T A AR K 22 AR 7K 5
Beo AIAREBR S ImX 1.2 mX 16 m (58 X
EX KD, VTG 0.1~ 1m/s, i IR
TEANE) 5] BEGT 0.5%.

wacE

il

. EE#D
S /

a. KR E

==

90

[—

(

HeliifL
3

60

LS e

150,5

U- * Pael
l 3

LLl BeliiAL

300

b. R ALAIGE EAAL 2 Ao
BT S N S g A Y

ELLIER

M])}(?L




S AR F R R B S E B T TR A
U ot 38 A, W 1, KRR 45%.
TR BTN K 300mm, JEK 1.5m, BH
LT AR B rh, ol i, see e an
Bl 1a o AL b3 i FLAN G i L o A
L 1o, 0 =G 03B AL R A 53 501 Ay
10%- 20%A1 30%5% . FHFLET 2mm, [
PR 7mme b ROEE ik R SR S, e Hh B E
BN b WAL R R 4y b 2. 62ml/s
1. 64ml/s 1 0. 81ml/s =R B A HEAT IR

SE 56 SR FH 2R T G €00 33000 0000 6 D ¥ ) 2 4
MG, e e m A E s A A [ 2%
bRIBR S =S/ R EAR AR S S U1l IR 1= 3PS
UZ0 s

SCI R U,=0.1m/s, AH NV S 3 % %
Re=28000 (FEFiZK) , SZIKMVEH a=-10
o —40°

2 SRR EE RN AR

2.1 BEXRRH

M 15250 Re HUIK, 703250 BUMA Ya
P, Rt B 4 i LA R b 3 i AR
BRI N ZRAFZ e BTG B 2 45
R S A BRI Wl s
(4] 27%55KAb ) FiF g (B 28 R I N W it ) ol
RS S 2 FOIRAS 2 M U I I ) £ AR R
A 1) B B 0% 2 S Il H M s S I 2
i, DL 2, AR B TR 2R R AT I
2k, AL P w2 ks 2 i TR R R 1)
KRR o 23 U2 2 DX P R T G 1 4%
W H TR ) R s A Bl s AR R
AR R DAL P& 58 73 L 3 251X () [P AIE

¢ L
e L e
. dANgs . |

B2 g ERmEI RS (a=0°,
A7)

B3 ) A

T I 2 A N G T VAR AR B HETR PR
SrESRALE, WE 3 PR. B 4 GHEAER
MDA B 1 53 85 R B U AR A . BT KR
JEFRM RSN, AR & g E, BE
SEAE 0=-10° , o3& AL 40%% KAk, B
HIABEIN, o8 A LS. 5B
AN R A B A B A E AR, R
BNRFFAR L () — 21

Bl 3 RIEA G OWOTT 5 BRI s 7 8 QRa)
I3 T NAE T A

43 P8 AL Xs/%C

-10 0 10 20 30 40
HAa/°

K4 70 i bEBUn AL (3 AN ALED
2.2 R 3 IR RIS HIRER

100 T

/ Foizm ——
90 - : {--\ (B EE
[\ PEHD ——
B0 feoee e s B
70 : .
%; 60
g oWl
N =
30 -
0,
HAo/°
Bl 5 J fi S DA B SR sl IACR. CRLARANFh
G e ALY

Bl 5 25 A 20%5% K A T In e 1n) 9 s ik
PG, R B AN E OIS B, AR
)4 2 A R R, () A &y R TG 4 i e 1 &5 SR T
Pe oy e i Al . B ar DL, B s
IR PR 55D VAR sl = 0= 8 1l )3 S SO N
W B IR R AN . B, 88



BT BT B, o) B A IR AR B
Mo MBAME a=20° , 4B AL E
I, RSO (AL 0.81ml/s) 45 il A5 K
B, G BOR ARSI, A AL T
I3 0 DX PN SR T E 12 43 25 A, IRy B R i
WS, MBUAME 0=25° J5, CUIA S
ROR o HR RO, AR U B 4 2 AR
oo HAE BRSOl AL
1.64ml/s Al 2.62ml/s) ", FS IR I 4 (1 0
RAELE 0=20° , BIHHIRAT B CAL T I3
BRI A B X L X BN e
WA, HR RS AE T — 55 v s P L LT
RAE TR,

h T o TR A B s, B 6 e
AR R DR AT A A R AL
(RIS BN 43 B s I R o A g e in 42 i 40
B RAEIR PR B 2 2 KL AN . Kl 6a
Gl A D ol UG, AN Rl A & 1
S0 AR LALE RE % S AR T 1K LA T
KA, JRRAE TR —Xa T, SR+
TEL TR A 5 TG AR I 3 B A (B PR A
XL E R . A EHAHRELAET, H
WS AV 5 e R AR 5 o R Al IR B O TG W
50, WL 6b A1 6c.

T
10%%E K

LL20%FEK —e— |

30%3E g

53 B8 SR R BE B AXS/%C

LA

a. LI 2 2.62ml/s

T
i 10%3

E : W%EK —*—

B e A

437 SHE 5 BE A AX s /%0C

piuk=T 10

b. B & 1.64ml/s

538 SR S5 2B XS /%C

-10 0 10 20 30 40
A/

c. AL 0.81ml/s
S NGE VAR IAl!

2.3 REEBUHIRIEHE AN E

A I BT T 20%5% K . i &
2.62ml/s 0L, BE—BIFRE TRV
T A AT TR e CRFSIRLRINAL ) 454
FMEN RO, 87 R 1) 5 o e 42 ol
mah o B ER M = MAFE.
a. JAIm o B G B

WL KA a <10° JuRl, K 7a 451
MRAIED (a=0° ) o HAEFMELI N2> BN
(2 38%s%KAb) FiEmvmsh b A 2, A
AL I T) 2 R R A P 43 ) Ak s i 2R L
AR I 2 I B RN 2 R R R s
0 R N R R TR 6 A R R TS R 7N i
X PR IEA.
b. S B

W KA 0=12° ~14° , K 7b 4
AR A (a=12° ) o HAFIE ST FiE
KA, M Z A 7E T2 3l (4 45%5% K
A FUFRR A R, wE 7o o 27%
5K A S VR ) A AU AN A0 P 4 TR SR
= N e R Nl TR o LR TR
(50% 3% KAb) 2o H 73 B IX N IR TERS
ANFEZ AT R4y B I R sh R A b, K
1 80%5Z K AL S TR ALFI (U RA 1] S5t 22
sl e A i I R B, AN A
BIX s
c. HAFHAR B

W KA o =200, K Tc 45 AR
LR 27% 50%F1 80% 7% K A &< o B 1]
LA A ANON A P 20 53 S s 0 52 R R il
IR BAT 4 R A 1 SR AR 3h 25 L
ARG EAE B R T —
HEA RN 2%, R AR R



BOVLb AL KA, LR M3 R FLAT 30 S
E I

e BRI (2 =20° )
K7 B B O SRR (R
el
2, FRATTHENS X 1) 2 W A 5
B RIHLE A A (LA 5) BN

ARGUNR: J 1) 2 M IBE — R B IAR AR
i) B 3t s B, BRI SR ) Bl
AZHe,  BEITHG 52 LI SR A0 23 2 RE

(] INF3AL 16 30 6) (K375 S 4 HIAE R I A1, 24
R AL 8 R T AN REE 2ty ORI,

0 /N4 8 8 TVl PR B S 2% s A1 LA I A R 1)
PERIPY, AL S 45 R

ANl R CFFL 0.81ml/s) i [h) 25 Bl
AR ULG VR G R, ARSI e 17 i )
RS B AL 2% U 2 S M H . HoAh
7B To A5 I o0 25 i o B R R T

KIR EAE IR 219 2 o BBV,
T BRI, RSO S KR AT AN R
DLS BB A, it sl g msh A iR e 2 i
YR, SN RS SRR R B IO E]
o =12° , WA WA, FERHRE
AL 1.64ml/s Al 2.62ml/s) 1FH N 515 28]
D)2 R PR i T G PR, TR . XL
il FBUE IR B 5 B RE ) — D . B
IR R AEAE o =20° , IRINEE R AR B 1
B, AR RCRHI R (1.64ml/s
2.62ml/s) WA U5 E BRSO
AT LR R B IR 45 1 S 80 5h
PO B RE S e, 5 R R H RO
HAMT, MRS — B AR R RIB 5 2%
MANR AT

34 it

ARSCERVE TP (1 32 sh % il BoR - g 17 125
A R P T e 3R R A ) o 4 A I K
R, TEL5R:

1. [ 5 FCHR R SRR K A Bk
iz gAYk LA RTASE HINH s €

2. FRCR I ISR A 2 1 I RE S G 5. Fh
52 1) (07 B PR AR T 2 5 i ) RS S AT AL
I BUA L

3. S UL S JEE 17 2 ORI SE IR B0 2> 15 A1
M =FAFERIEA: R AN 2
Yo I I A B R I . S =R
LEREU N ECE IR VE S TR S L IRV
Lo S PR B o

2w

1 Lin JC. Review of research on low profile vortex
generators to control boundary layer separation.
Progress in Aerospace Sciences, 2002, 8: 389-420

2 Pujals G, Depardon G, Cossu C. Drag reduction of a 3D
bluff body using coherent streamwise streaks.
Experiments of Fluids, 2010, 49:1085 - 1094



3 BN A R RS e 30, et MIRRS:, kst 2011

VISUALIZATION STUDY ON FLOW SEPARATION CONTROL BY USING A
SPANWISE ALIGNED SUCTION ARRAY

Guo Hui"?  Chen Yang"? Wang Haiwen"? Liu Ziteng"?> Gan Shurong"-?
(1 School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)
(2 Key Laboratory of Fluid Mechanics (Beihang University), Ministry of Education, Beijing 100191, China)

Abstract A new flow separation delay method, a spanwise aligned suction array, was tested on an airfoil model
in a water tunnel. The test Reynolds number was 28000 and the angle of attack ranged from -10° to 40°. Dye
method was used to obtain the flow separation location, and hydrogen-bubble timeline technique was used to
reveal the flow control mechanisms. The results show that flow separation on lee side of the airfoil is obviously
delayed after the suction is applied. The delay effect is enhanced by increasing the suction flow rate. Change of
chordwise location of the suction causes the variation of angle of attack range where the separation delay effect
occurs evidently. Concerning the flow control mechanisms, three types of flow feature are observed when the
suction is applied, i.e. laminar flow separation without reattachment, laminar separation bubble and laminar-

turbulent transition.

Key words airfoil, flow separation, flow control, flow visualization



