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Research on Stall Characteristics of Droop Leading Edge
Combined with Internal-blowing Flaps

HE Meng, ZHANG Liu, ZHAO Lei, LI Chang
(Low Speed Aerodynamics Institute, China Aerodynamics Research &. Development
Center, Mianyang 621000, China)

Abstract: The internally blown flap is of efficient lift enhancement ability, but stall angle of attack drops significant-

ly at a higher jet momentum. In order to improve the stall characteristics, the stall characteristics of the internally

blown flap with the droop leading edge is studied. The numerical simulation of flow fields of a subsonic airfoil with

droop leading edge combined with seamless flaps under the effect of circulation control are conducted. The influence

rules of the blowing momentum coefficient on the stall characteristics are studied. The effects of leading edge rigid

deflection, camber and thickness changes on the improvement of stall characteristics are studied. The effects of

doop leading edge with different flap angle are also studied. The results show that, with the increase of the blowing

momentum coefficient, the stall angle of attack is firstly droped rapidly and then slightly increased. The pressure

gradient on the upper surface of the airfoil is reduced by the leading edge droop devices, the trend of the momentum

thickness of the foil boundary layer increasing with the angle of attack is delayed, and the stall angle of attack is in-

creased effectively. By gradually changing the curvature of the leading edge surface, the target that the leading edge

droop design has the best effect on the improvement of stall characteristics is realized.

Key words: droop leading edge; internally blown flap; stall characteristics; circulation control; Coanda effect

g I=EE
E&WH:
BIEEE
5 A

2021-06-20;  fEE HHF: 2021-10-12

T s KBl g W 2 v SR RN T T B R BT T < e B I H (FF TRF 20171001)

kX1, 1zh2607@126. com

sy, skX), B4R, A5 TSN A G GRS SRR R S (], s T AR REE , 2022, 13(3): 96-107.

HE Meng, ZHANG Liu, ZHAO Lei, et al. Research on stall characteristics of droop leading edge combined with internal-blowing
flaps[J]. Advances in Aeronautical Science and Engineering, 2022, 13(3): 96-107. (in Chinese)



% 34

Al W45 W2 T A

P R 3 R A BT 5 97

0 35l

RAT AR R PE AR KL O R Y
32 B AL — M T B A K I 3l AT R
BRI /INBY AL S B 45 T e R B R P B 5
Sy R T A AL DL AL By o A8 B 5= i vp o
1E 7E W 57 — FhoBr U %) 572 28 K ML SFBSSO™ Y, £ %
THEARZ — B RGeS . 55 E s ZEE X
ZEF IS WAL BT B T R AL (Speed Ag-
ile) "M AR, SR Az AL T ) Ao Y o 7 A
PERE (ELAT 855 19 0. SMa 3L 20 3 ) i1 Jact 1 S I
AE 77 o PRI Xof 398 B B R T qm A K T A
G5 B 238 TR e LA R L B TS o
T RS R T AT e, Hrp IR R R
B (CCA) S FH ] BGA %% (Coanda Effect) , B it
0 R 5 5 I 2R i TR B0 T IR
BT ity 1A 2 1R B0, AR S T 1), AT A RO
AW A AT,

P AR B O A 4 o R A i Y N R
S AL ST A A T 5] B A 2 0
TN B R AU Bh i o I T SR A BILERL 1Y)
W5 S, AT /N R B T, LA A8 T I B B AIG
ALY R R KO o R N A R X P e o B 1 A
TARZ W5, Bl an oo R X R 3 (0 1 THAILER LA
SR R AR R EY T
e o7 AR S B T R AR A R A

DA A B 0 S A A AR Y IR KBl i R A
TR R BRI T PR R G N R ), W] %
S AT 2% T 2 3ok HE 27 ¢ B, AR ET % T 2R
PEICEER B RS N IE . BT 2
TaERMAFZO, FmES R ESEY K2
T DX T 98 /N BEL 32 ML L. Preey %5 XHIE
WECR FX63-137 BAY AT Z T RAEATH 5, 4521
FW]HT ST AT R KT ) R N 9. 206, Hi
N 3 SRR RR A, 3T Ll T2 MR 2 A S50 A
VDN BRI 2 G A B0 5 Niu T 45 O0F 58 T AT AR i
2% F T2 B NACA0012 3178 5 785 2 o 45 il 1Y 5%
Wi, 5 e B, AT AR FT % T R B AT AT 20
[ = eI = S B N R S O & I 1 S 7 S £
it FH T i 25 19 45 A8 152 T R 5 S0 B 38 R 3R TR 5 R Ol
W TCEERR KA AR O TR Ak 1 R
TR,

FE] P O I 2% T e B N i SR B Y 2l T

il

G VA R A R 4 2k ST BRI 2k A AR A T A b
[ 4h , M. Burnazzi 58 BF 58 T P9 R 208 3 25 5 T
T | BT SR, T T SRR 25T 7
T P e R B R R S L (H XS R R 2T
4% E A e SRR R R 3 R AE 40 AT AS 9 4 T AN 4
I BB W AR 3w M R RSk T R
IV FARR .

AR SCER X AT G5 JC4E T T 45 3 RN S 2k P R X
A G w1, AT R W) 2 80 R T
0 FH AR5 5 43 BT AS [ A5 2% 35 31 X6 P e =X 48 3 2
AR B RIS SR R I A R AR AT R LA R
FEAS R E TR £ R A2 R T 1V AR .

CEE T 1

AR SCTT AR A SR ) BE 7  E A AIL kink 3 4
A B B PN AL (c=1 m) , 32 B KA X i
Jp12% ., HEIE XK N 0.25¢, ¥) h LB W M &R
65°, 145 3 M % il o 3R R g 75% %K AL SR
BE W B h=0.001c. A T BOKS B M A4 0, 51 A
SO L SO A T R B T S, S e i Y
USRI [ NI Al S R S LY 2RI

PR R 3 LA B A BT 1 s

St

Sl

i‘t’%ﬁh/
BRI f65°

BT R 3 LAy s 1
Fig.1 Internally blown flap geometry

2 BEXRBERIE
2.1 RB[ITERBERIE

f F RANS J7 i R fiff i E A7 22 0 SR A, 4 i
A A i AL A b~w SST (Shear-Stress—Trans-
port) , A SR Yk T A7 BRAA AR 79 rpo B8 A% =X,
23 ) B 1 B Al KRS S, i) gt O 3R
LU-SGS (Lower-Upper Symmetric Gauss—Seidel)
e X i e Bk

BB AR W AR G I v KB B AR A AL



98 WL 2s T A 3

13 %

N R AE B T 18, R BT ) REEROR
RSG5 . 30P30N 3 AU 2 3 4% H7 107 28 W T
SERE OAREITE ML, M T
CFD 8 E AR 2 — o A SO 30P30N = B 3
0T CED 3K fift #5 48 £ Bk o i 8RS Ma=
0.2,Re=5.0>X10°, 715 W 4% 4n 1] 2 i 7R, R A 25
FRIAS , O B IA% 40 $h , 7505800 75 5 5% K, 5% )
I 2% 5% 38 A1 8 65 1 A% A, 3 AT E 2034 M A%
RULBEEL A E 105 A A A, AR B2y 32 07, )
S — SR AR i BE S 21070 2y <1,

b it l i
e I
L

2 30P30N & AU X A% &) [fi
Fig.2 Schematic of 30P30N airfoil mesh grid

Tt 1 R BT EAE S LR AT W& 3 TR, ]
PLF HY 2 30P30N 3241 Y 35 4% S AE 28 1k B 5 52 56
B WA B, O B DA R 85 T 52 56 F W SRR T
PR I SR FH A SR i 2 5 2 TR 07 R I 98 75 R 9 3 5
K E RN ] SR

5.0
45+
4.0 F
35F
3.0
L25F
2.0 F

151
ok iR

0.5 ?’d&:
0 EES

_0.5 1 1 1 1 1 1 J
-5 0 5 10 15 20 25 30
/(%)
3 30P30N 3T Iy R MO B AH 5 S R (L X He
Fig. 3 Comparison of calculated and experimental
results of the lift coefficient of the 30P30N airfoil

2.2 IR BEMIBILKE
SR FH &5 ) T A I C 250 IR 4% 0 I Rof P e o ek
HEAT RS R 43, W 4 BT R . fE R ET S R

FREEE b 32 A0 K Jm G b AT AR s LUK B9 41l 32
G55 K RV Bl 48 7

B4 R R Al o3
Fig. 4 Internally blown flap mesh grid
AL LO(46 ) (L1(2505) (L2(6 1) =&
BT R AR ML TR . AR AT, A
6 7 FY A% 1T B I AH AT 25 T AR L T AR B0
/NO. 284 2, ff 1 46 T7 M AR T 2507 A% 4
T RBCARN T 0.019 1, ATk KN 46 7 5 25 J1 M
e B AR 25 1 VT BORE B  OR 25 07 RS B R AT
.
£
Table 1 Study on computational grid

g A% a/(*) C Cp C,

LO 0 3.896 1 0.065 38 —0.64347
L1 0 3.8770 0.065 96 —0.63903
L2 0 3.5928 0.075 65 —0.58523
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104

izs T AR

13 %

b
()

B %5 2 B2 38 0 5% S 5 1 53 A

B0 B RS A4 I 2 R AT B T oo IR PR,
REmEANYA T R, Tua_aii‘ﬁuﬁu%%Fr“ﬂé
1 K Hi é%ém;o FE LR RS R (0.2)=1,
f100.2)=0,/(0)=1¢, @LI{EJ”“F@J ECY
H Jiﬁﬁﬁuqﬂéméﬁéﬁﬂﬁﬁﬁﬁ%u B ok o AR
Tl % V2, 1 2% 0 V5 4 280 31 530 2% SR 19 BT R o
AR SCEE A R FE RS B AR A, E T 2% A8 25 B 4571 60°
(1) BE il b 38 hn A 2% J5E R B AN 18] 19 (a) A1 A 19
(D) Fim

Co B a B A TH R Z5 R an & 19(c) FE 19(d)
JroR i LVE BB RCR AU, o=45" 1 Al i K
FH 1 R BOR R B A AL 5 =607, /=1, 4 f T K
AT ) & BCA B AR T

=45t R a=6"I & J3 2 BN L an & 19 (e)
PR, BT RS E BEXEIN, 15 2k 20 %6 A 20 ) i 08

5o @=A5"F BRI} % 2 BRI AR A HT SR
PLENLS 2 I S o R 1 9 VA - 0 & e ) | W e
UGB | W <Rl DB S T R I 98
BB AR IR HAT & 13RI 200~10% 1 FEl
(18 1l 238 R 5 AN o T A AR gl 32 8 o, o JRE A 7R Y
= T RN R 1 = V) B e 0 7 O P B )
JEAA) AR (% B0 s W 9, R RN 0 A EE 3 K 3
S JE B I, 6 g KT T R BORN R A ek
S E NI

@="60"14 A a=6"} F J3 Z B0 He an & 19 (1)
JroR AT LA Y o=60"#4 B AH AL T =451 AL Hif
GMIEBEERE, WMMEERE, &% L &RmA
226~10 6 1 Fl A 1 it 3 00/, A B 3 3
fiff £ He W T RS EL W G038 . B R B i — D 1
T B3 A O, SRS Y 33 R R Y 1S i B
J2 JEEFE RGN, T vk W O I A, W T ) R R

JIN TN R TR R S R B R U B B 4 ik — 20 P I R R H S50 1. 4,
010F 010E 4.85
D ]
0.05- L
0.05 4.80
ofF ol
)
005 2 o0sl AT
-0.10 0.10 470 —— =5
——— ¢=45" —— 0 =60° ’ $=45" =14
-0.15F 0=45° =14 L0015+ 0=60° =1.4 9=45° =1.6
©=45° =1.6 9=60° t=1.6
-0.20 L L K f 4.65 1 | L | |
0 0.1 0.2 03 00— 0.1 0.2 0.3 3 04 5 6 7 8
x/c x/c a/(")
(a) AR BRI (o=45") (b) HTZJEREERI N (=60") (c) F+ 1 RBO HE (9=45")
4.85 s s
—— 9=45° ——9=60°
9=45° =14 0=60° =14
4.80 ?=45° =1.6 9=60° =1.6
. 10 F 10f
475 _—— —
< go-5 [ONEN]
470 —¢=60"
?=60° =14 0F Uy
——0=60° 1.6
4.65 1 1 L 1 1 5 1 | I ! 1 5 1 1 | 1 1 y
2.3 4 5 6 7 8 02 0 02 04 06 08 1.0 02 0 02 04 06 08 1.0
a/(") x/c x/c

(d) F+ 1 ZE H(¢=60")
19

(e) JEJJ B L (9=45",a=6")

20 R A BT 325 L (C,=0. 056)

() JEJ) BB [ (9=60",a=6")

Fig. 19 Result of lead edge thick increase configurations (C,=0. 056)



55 3 3 T 45 AT T A5 &

PR I B T 1 F 5 105

4.4 HERXIEES R

FIUR ST 9= 30" 44 B Fl o =45°"H4 B A 25 5 i
1T S A A I e 3R 3 T () R R X L 1R 20 Jr
L, AT LA W IR 3R O0° A Y 1 R R T 4%
NI Al 7 30 8 i 2% A8 25 B A5 K L 430 F R 1Y
W RLA AL, S HAE C,=0. 056 I W) & 18 5 & 47,
Ui BT 2 T a4 B A AR 28 T H AL B2 g i R
i 30 S8 00T 0

003F [—— 0o €i=0.0298 =0
0=30° Cu=0.0298 a=4°
—— 9=45° C,=0.0298 a=4°

rrrrr Ori  C.u=0.0560 @=0° i
0.02f 0=30° C=0.0560 a=4° t
----- P=45° Cu=0.0560 a=4° :
) +
= 2
0.01} 7
0 -

0 0.5 1.0 1.5 2.0 2.5

K20 S 34 b il Y58t B2 A X L

Fig. 20 velocity profiles comparison over the jet slot

S A L 5 R S RN H A 21
NIRRT S EUR DI B DU il S 1T
TR WA N TR B RS RRE . B
A b TR A A AR A 0 A S O A TR A 28 R
WK R SRR I, R AT 2 T R A
RO /N T B E L i B R s R HLAT 2%
B A5 R TR T W D % 307K U8R B4

20.0

—— Ori Cu=0.0298
0=30° C.=0.0298
16.0 F —— 9 =45° Cu=0.0298
I I bt Ori  Cu=0.0560
0=30° C.=0.0560
<120 0 = 9 =45° Cu=0.0560
3
3 sof
4.0
ok
1 1 1 1
s o 10
a/(")

B 21 S 3LaE bl B2 3 BRI

Fig. 21 layer momentum thickness comparison

WA IR 0=30"F p=45"F B 1£ C,=0. 056,
a=A"FF R 2 5 S A i 22 TR, AT LA 0=
30°F =454 RUF] 2 §F £ AL B A T 90 4 3 A 1y
RIS, 0=30"F4 Y DX iy 2% it % 2 35 o B I8, i) % 3
S SRR (A o=45"H BUHT % th AL RN
SAT B TR SRR 1

0.10F

0.05F

-0.20 L ! L
0 0.1 0.2 0.3

x/c
B 22 RIS RN H(C,=0.056,a=4")
Fig. 22 leading edge stagnation point streamlines
comparison (C,=0. 056, a=4")

5 BERAXKRERFENZID

3 g 1 557, C,=0. 056 I {If Zk A [A] A8 25
P R S, sl PEREXT L P 23 i , vT LA =
60°m, e KT+ F1 R BN 4. 60, 4k B A1 oM 87, Al
25 JC A % K U AH L B R T ) R B N 0. 38, % 1
AR AT,

50

4.8
4.6

44t
Canf

4.0

38

3.6 F ) | |

6 4 -2 0 2 4 6 8 10 12 14
/(")

123 ASTR] i 20748 25 7 A6 AL P BEXT H (C,=0. 056)

Fig. 23 Stall characteristics of different lead edge camber

increase configurations (C,=0. 056)

5 3 % 65° 1) =0l o=45"Fy B _ 1% Fa ffsi
% 55°IF o=0"H1 =604 5 f5: K F+ 77 F B HI 2k 1
AR BE C, 35 A 78 A 1 B0 X Fe G P 24 B .

6.0 -

—e— ¢=0° <=65°

55

5.0

45}
S 40t

351

-0.02 0 0.02 0.04 006 0.08 0.10

Cu

(a) C, X R I Iy 2 K R



106 i as TR

13 %

14 - P
—— ¢=0 g=65
- =65°
12 Posse
10 F ¢=55°
8 F
< 6t
<
4 3
2|
0 F
2 I I I 1 I )

-0.02 0 0.02 0.04 006 0.08 0.10

Cu

(b) €, % e e300 £ 0 S

24 C, 0[RS B 55 4 1Y) 52 i
Fig. 24 Effect of C,on stall characteristics for
different configurations

MIE 24 0] DL 2 Bl B R B i R A
E RIS SN IEY ¢ D INEPT SN BN I
WA 3G, R B R BRI B A TE /N A
B 3k T R R A G, R TR L HLEL B Y B TR A
TRAL Y AT ST B AR 4 AR O™ Y e E
BT ) 91 28 3R K G0 A R AR AT R A
PRAIE o 76 88 B o 2 1 DX, Bl 2 R Bl 3R RO
TEIp B I0, JC HG A G I, A R T ORALER CE REBY
B e g i A AL AR R AT A

3 e A 4G 0 23 48 K T 0 &R B, N R
fii MR RS sh i 280 C,=0.081 2 F , Ml 4 A%
Ve 0 45 B % 65° K40 7Y 2 T 300y 16 67, 485 3 fig
e 557 T G A 1N 8° . Gk FL A A 65°
Ul /N B 557, 2% A N 8THE N B 12°, e KT 1 &
BN 5. 42 FEAREN 5. 15, DA IH 45 38 i 7y 1503 i) 5 22
FRAE BT T J7 2 BORN e 330 A 1 T oR A BR k%

C,=0.081 2 I} , ¥ 38 i /1 65° . o =45"1 L Hl
WEF A fA 55° .= 6014 B 7% o= 8" F I JE 71 43 4
FIL 2%t L an 18] 25 B

-16
14+ —— ¢=65° 9=45° a=8
1ok £=55° 9=60° a=8 '
|
-10 ,
8 |
)
-6
4+ !
2
0F
2 1 1 _ 1 1 ;"
0 0.2 04 0.6 0.8

(a) FHJE S ZHT L

coocoooooooooR

LN UL RWI =D
SORENRSRRRROR

Ma

COLO000000O
LN ninbini——o
SRESIXSORAOD

(¢) £=55, o="60"th B i £k 14

B 25 FWENRELFBLN H(C,=0.081 2,a=38")
Fig. 25 Pressure coefficient distributions and streamlines
comparison (C,=0. 081 2,a=8")

Tl o WA RS T A B A, K B R g 0 (R
R EEFL AR B9 T 86 O, % 3 AR 1y B VR
B 5, DR I 3R R AT % B % ) (L B R, R R
THT A9 s 7 28 B0/ 0N, T 2 R T (B 3E 1 i
3G TR AP JBE 494 K, 8 WAL 2l f) BEL AT A1 FH 96 5, S O AE B
Xk A U A A P O, R AL v R X O R )
SRR Bl oy B DRIk O S A R T

6 % it

(1) B WK sh i R E0C, 38, Py k=Xt
S KT R BN, AE T S B AR IX R R
AR B C, (3% I R B T A A X
SR R B R D) [ | I S T TR A
(1 BE A, W/ T3 A RS Al A R K A A
Ham

(2) AT T T T, e T 3 R R
(8 0 43 A, S 30T W2 04 J) 38300 /0N L DT 9/
TR F A FE 3 B B 4 4 T R KR, GE SR T 3L
F 2 2y f JE b0 A B i G ) R e AR T
TRBh A AR T R R T R A
(4 T+ 71 B0, 15 45 76 345 40 R T 91 F Btk < sl
HI/N .

(3) T 25 W i 2 152 AR B3 B8 v, L 34 42 A ot
I, S BOT A AR L TE C, 8RR,
BRI T AR ISR o A28 AR T AT R R
5¢ K 3 o 72 W B 7 i 2 2% T R S, X R KT



% 34

T 45 AT T A5 &

PR I B T 1 F 5 107

T F RO R A SCE AR R . RIS S
3£ K 7R %) At A 2% VR R Xk O R Y
FAE I

(4) HrZx T g G R BT RETE 1R %
S f KT 7 R B [R) B B Ok O A 2 —Fh
A7 RN Bl 3 T2 A O T B T 5

& £ 3 #t

[1] RADESPIEL R, HEINZE W. SFB 880: fundamentals of
high lift for future commercial aircraft[J]. CEAS Aeronauti-
cal Journal, 2014, 5(3): 239-251.

[2] ZEUNE C H. An overview of the airforce’s speed agile con-
cept demonstration program: AIAA-2013-1079[R]. Res-
ton: ATAA, 2013.

[3] ENGLARRIJ, SMITH M J, KELLEY S M, et al. Appli-
cation of circulation control to advanced subsonic transport
aircraft, part | : airfoil development [J]. Journal of Air-
craft, 1994, 31(5): 1160-1168.

(4] RAWM, RFEW . PSRBT [T] M 24,
2016, 37(2): 411-428.

ZHU Zigiang, WU Zongcheng. Study of the circulation con-
trol technology [J]. Acta Aeronautica et Astronautica,
2016, 37(2): 411-428. (in Chinese)

[5] JONESGS, YAOCS, ALLANB G. Experimental inves-
tigation of a 2D supercritical circulation—control airfoil using
particle image velocimetry [C] // 3rd ATAA Flow Control
Conference. USA: AIAA, 2006: 1-10.

[6] JENSCH C, PFINGSTEN K C, RADESPIEL R, et al.
Design aspects of a gapless high-lift system with active blo-
wing [C]// 2009 Deutscher Luft-und Raumfahrtkon-gress.
Germany: DGLR, 2009: 121246.

[7] JENSCH C, PFINGSTEN K C, RADESPIEL R. Numeri-
cal investigation of leading edge blowing and optimization of
the slot and flap geometry for a circulation control airfoil
[M]. Germany: Springer-Verlag Berlin Heidelberg, 2010:
183-190.

[8] LIU Y, SANKAR L. N, ENGLAR R J, et al. Numerical
simulations of the steady and unsteady aerodynamic charac-
teristics of a circulation control airfoil: AIAA-2001-0704
[R]. Reston: ATAA, 2001.

[9] SOMMERWERK K, KRUKOW I, HAUPT M C, et al.
Investigation of aeroelastic effects of a circulation controlled
wing[J]. Journal of Aircraft, 2016, 53(6): 1746-1756.

[10]  ZL#iby, skxl, #0555 PR3 o0 0 42 ) 3L AU 71 )
RE4FPERTFELT]. iz 274l , 2018, 39(7): 59-67
JIANG Yubiao, ZHANG Liu, HUANG Yong, et al. Lift
build-up on internally blown flap [J]. Acta Aeronautica et
Astronautica Sinica, 2018, 39(7): 59-67. (in Chinese)

(11 XU, (R, EEAL, &5 . IR UHES LA 2 80% ma i 5T
SO T]. WAL Tl R 22244, 2020, 38(1): 58-67
LIU Rui, BAI Jungiang, QIU Yasong, et al. Effect of geo-

metrical parameters of internal blown flap and its optimal de-
sign[J]. Journal of Northwestern Polytechnical University,
2020, 38(1): 58-67. (in Chinese)

[12] KINTSCHER M, WIEDEMANN M, MONNER H P, et
al. Design of a smart leading edge device for low speed wind
tunnel tests in the European project SADE[J]. International
Journal of Structural Integrity, 2011, 2(4) : 383-405.

[13] SODJA J, MARTINEZ M J, SIMPSON J C, et al. Expe-
rimental evaluation of the morphing leading edge concept
[C]// 23rd ATAA/AHS Adaptive Structures Conference.
USA: ATAA, 2015: 1-7.

[14] VASISTA S, RIEMENSCHNEIDER J, Van De KAMP
B, et al. Evaluation of a compliant droop-nose morphing
wing tip via experimental tests [J]. Journal of Aircraft,
2017, 54(2): 519-534.

[15] PREEY M L, MUELLER T J. Leading and trailing edge
flaps on a low Reynolds number airfoil [J]. Journal of Air-
craft, 1987, 24(9): 653-659.

[16] NIUJ, LEIJ, LU T. Numerical research on the effect of
variable droop leading—edge on oscillating NACA0012 airfoil
dynamic stall [J].
2017, 72: 476-485.

(171 Z/NK, kB, £330, % B8 EHLI AR KRR

[J). R A, 2020, 31(2): 12-24.
LI Xiaofei, ZHANG Mengjie, WANG Wenjuan, et al. Re-
search on variable camber wing technology development[J].
Aeronautical Science & Technology, 2020, 31(2): 12-24.
(in Chinese)

[18] VASISTA S, RIEMENSCHNEIDER J, MONNER H P,
et al. Manufacture and testing of a large-displacement droop—
nose morphing wing leading edge[ C]// 2019 ATAA Scitech
Forum. USA: ATAA, 2019: 1-10.

[19] BURNAZZI M, RADESPIEL R. Design and analysis of a
droop nose for coanda flap applications [J]. Journal of Air-
craft, 2014, 51(5): 1567-1579.

[20] CHIN V, PETERS D, SPAID F, et al. Flowfield mea-
surements about a multi—element airfoil at high Reynolds
numbers [C] // ATAA 24th Fluid Dynamics Conference.
USA: ATAA, 1993: 3137.

Aerospace Science and Technology,

EEEAN:

fa EE(1995—), L it By B TR IW . RS 5 m AT
aR S, AT A S A LA B A

s (1987 —), J Bk RIS Bt e BT RAT AR
UL B P 4

B 2(1995—), 5 B, Dy TR W, RS 5 m] ALK
Beit, AT ARG TR

ZF B(19%4—). 5 Wi, I TR, EEMS 5N SR
3 12 BT R 1%

(4RiE: MHE1H)



