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Effects of Slat Parameters on Features of Flow and Noise for an Airfoil

Wang Hongjian, Luo Wang, Zhang Rui

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Slat aerodynamic noise is largely dependent on its structure parameters(geometric position and variable
outline). The analysis of the effects of these two parameters on the features of flow and aerodynamic noise for
an airfoil is an effective method of developing techniques for the slat noise suppression. On the basis of three-ele-
ment airfoil model 30P-30N, the flow field analysis model is established. The RANS and LES(large-eddy simu-
lation) methods are used to analyze the steady and transient state flow field characteristics of the airfoils with
typical geometric positions(overlap length, gap width and rotation angle) and morphed profiles(curved close gap
of slat tailing edge respectively, which can obtain the corresponding distributions of pressure and turbulent ki-
netic energy of airfoil, and transient state pressure distribution of flow field. The FW-H acoustic analogy inte-
gral method is employed to solve the far-field noise distribution characteristic. The inter-relationship of various
slat structure parameters with the far-field acoustic pressure level and its directional distribution features are in-
vestigated. According to various slat structure parameters, the coupling relationship between slat noise suppres-
sion and corresponding airfoil lift change is analyzed. The results show that the adjustment of slat geometry po-
sition and structural deformation parameters can effectively reduce the far-field noise radiation, but the lift coef-
ficient can be reduced to some extent when the angle of attack is increased.

Key words: slat; structure parameter; flow field feature; LES; aerodynamic noise

W Fs B #A:2018-06-15; f&E HHI:2018-08-08
ESWA i B4 (20161553014) 5 fi a8 M 5 Ik 25 B 0 9050 % 55 B Bl
BIE1ES W H#,522575941@qq. com
SIAME . B, PU, kBl ERSWSES T RS MR A REm]. iz TRBER, 2019, 10(3): 330-339.
Wang Hongjian. Luo Wang, Zhang Rui. Effects of slat parameters on features of flow and noise for an airfoil[ J]. Advances in

Aeronautical Science and Engineering, 2019, 10(3): 330-339.



GER T 214 % 4 B4 ) 5 MO0 R 4 3 MR 7 I 331
0 3 = UL A 30 55 o AT A A0 AT S AT R 2 7 4 B
5

RS 2 1 ek & Jo iy ol H 4 ™ o 19 I 75 [
R, 5 R A R 25 ] Al SRR A O . [
Br R 2L (ICAO) il 5 ™ 4% 1 M8 75 3 i 2% 191 >
B ) B A QAL MR RO 23 B 9 1R 2%
23 (ACARE) 5 3 [ [F Z M 25 i K Jj (NASA) # il
FE FH I AF 5E T R DL R AR R A K PIL A MR S K
S TR A R AL AT R R A A R AIGK
HILME P ZKSEANAORT DA A 3 A 2 oK L 1 ELXE 2 %
Mlsa5 J1 A& ELAER .

IR S o W) I NS V2 N
B HE AR R R AL 3 S AL R
B A SE i i e & s LR WF ) 0 R R R 3E LI
SIS IR oop) € AR 2N ] 2 (A S N 0]
BILAAR M8 75 K P40 4 18 B 5 3 17 70 1 T B oK

WFoE R 7R R B R 2 i i F s
BUR R 75 Y 32 Bk U5 Dy ke Y ZR e T e . o,
T 5% 4 L I 7 R R R B R TR Y R A
ok AT 0 L M8 P X LA MR 75 ) D /N RO S, AR
T 5 4 B0 Ay 384 T2 8 1) — 8 43 %o S M 7 g 4 ] T
AE 23 XT38 T 1 Rl HE SR AN RS2, DR sk A a0 % LR
Mg 5 v R LG 7 1 5 il 4R AT 440 B0 43 AT

2 TEL MR TS R 2 T bR 4 IV AL A R 1 i U I
Sha A /N Hh A BRI R A 3 U R B 1R Y
M T A o S MR 7 I AP A R S DTk, D S
X — H A5, H NS # T — RIS, £
BSR4 BB AR R U5 ST B 1M s Ak ]
T LA TR S P A R R, AR B
SR 30 3k W /R A AR R A R R R T M
VRAR R SE I ) b AT R SR R il 4%
LIl O O A W P D O 5 I L Y S A WS
JEEEII T R AR 1 M 7R R G A s R R )
T 1) AN S, TR T 2 kHz Bl 1R A — 5 1Y Il
551110 AR §E AT 4% 340 Ui (Cusp) 1YW 7 T Jiti i 4
BT URRE S, AT 0 5G AS A R AL s ER &=
BRI | 45 58 (Slat Sove Filler, faj # SCF) &
Bl 15 7 AT A R A T 1 SR D /N O o T R
PAT 4 308 AT LAV I T 0 3 o DT S 3 AR I 4 3L 9 4t
ML SR FSCF ol A8 A 3% 2 5% 3 22 55 4k 1 Ak
B il B ) 2 AR AR AL A2 B0 B 1R AL 35

[T ffs e == 8L 115 2 4 150 7 A A RE )L AT ORRE D R Bl
HMIE B IE B0 H) 55 4% 3R A

C. C. Pagani %Y & M. Herr %% 5l i 52 %
FeAfi BBy AR 58 1 4% 3 LA A0 B 45 1 A2 B
Xof 5 3L 0 7 W 7S Y 5 ), FLBIF ST 45 R s SE 3L
P8 5 S5 M A8 2 n] A — o AR R el 4 BRI S
AT PR R R R RS RE . AR C. C. Pa-
gani %8} M. Herr %5 F 2L 5 SCHR A 5T . TR 89
SR B A LA R T P a0 v S B
Yy e 37 W P R M I HL BT 5T

T LR AT L AR SCE S ) R B R R ) A
N7 LK F 5 5 35 Ut 370 v 1 DA M 4 3 M 7 7 2
HLER . 5 A5 B 4 38 L AT o7 B S 40O 4% 3 45
FAETE WD S5 11 48 32 0 3 5 M L) R B SRR 75 Y
PR AL TR X O 3 e RS B g3 A R R AT R A
Vi

SHREHETETE

AT ROR i 4 3 3 Wi R AR SCR AT LES (R
TR J7 AT = BB S Y . X = B3R A
T OO HEAT BOCE B I A g B Rl E g R i
Ffcows Williams-Hawings (FW-H) 43 5 2, 3k
o = BRI M

LES 7€ 3K fift Bk 2 0t & B 8 0t 08 38 30 43 K
JUBE 8 LA Ko/ RUBE 8 H v ORORUBE i ke 32 AR
/N RUBE s 2 SR AR HOVE o B i 3t v A RO
T3 [ /N RUBE o 38 o 0 e 0 8 R R il ik N-S
T3 RE SR At s /N ROBE 0 i S BB RN X b A L
DNS J5 2 R R D 1+ 58 T AF & [6) I $2 1 i U 1Y)
PRADURS E

LES SR fi#g it #2254 .

W — AR ¢ (2, N KRR &
S, ) H/MRFER ¢ (2,0):

$(z.0) =¢(xt) + ¢ (1) (1
Horp R R &k
ann:ﬂquuawu (2

KA D AR KB G (e, 2 R B 18R
AR SCF 5T X G R AR AR AR SR FH U8 D pR 500F
AN TR N-S J5 R U8 I 5 o 7T 45 K i A 401 4% il i



332 iz TR

Lt R 10 %

9, 9, —

8t(‘0u’)+aj(‘0uiuj)

___op ) du;\ 9ty

N axiJraxj(/l arjj ox; X
A o PR R Y T O3 A s 7 O A R
13

Ty =pu; U U D

2o B 1 7 AR v A R I o

R AR VI 5 S A AR TR B, AR SOR

A Smagorinsky-Lilly V. #% F #& 54 3K fig F WP A% F
IV

2 HEITESSEREIE
2.1 HEERRITEMIK

AR 30P-30N = B3 A, 40 1 B R,
W BZ KR ] C=0. 457 m, J& TT I 35 o 30 760 4% 3
AR FICE LKA 1590, 5 F I B K 30%,
P 34 30°, S8 SN SR 1 R .

B 3 AL Al RR

Fig. 1 Schema of airfoil geometry

B %C
LSRN HEE 438 T B
2.95 —2.5 1.27 0.25

THR A SR FH“C RU” 25 4 A%, 115880k 25
fE a2, O T S E A% BT, AN SR — &R 81 R A%
% B 7 S AT IO A A R A ARG B ik B —
K BE 5 30 D A % B 5 0 R s R B el R A
B S S BUA R K E  . % EB) LES JH5 % M
& 1 ™A BEOK, B Jm 2 T AR S8 2yl 33 T L S 1
eI L2y R 9. 2 J7 o S A B 1/4 DLE
R MARE N 1X10° mu X H Ay T <<1.i1
FIRALE 25 A, HRAS AW E 2 s,

Ca) 34 T2 75 B 30 0o 45

(b) 4 ST A%

&2 Sk RE I Ak
Fig. 2 Grids near airfoil

2.2 nmEEZmREERNEESRED

HETFTH =8 ,Ma=0.17, It BERB T LK
BRI Re=1.7X10°, HARFEA ISR .

ORHFT SST ko i B ALK RANS J7
RS IR T R EG

QRFRTREH AL R, R LES 58 b
B, HEERREMRA N, LK Aar=2X
107° s #&4X6 00045, SR )5 P& AR 15 000 25, 3R45 i

QFESK fift i 3 Mg 75 F¢ 1 J5 1T, 2 % Lockard
SEL 3 [ RE R Ay S 0] 2R A AL T T AR L
Mg P e R A — B, ) I, 4 i o AT 5 9 AR
17 1 FW-H BUr RS B fif E A AT E i T AR
T2 B0 B R AR A S RIS 0~ 10 kHz, B0 Sk
FH 4% 35 [ BE T o R 3 TH . B L FW-H B0 Oy Bt
BRL7C 7 WE PR 3 AT

@ D) B 3 A 2 o B, AR SR R
o g B 5T IR 37 4 S M O, DA G AR AT I S AR
IREAE

2.3 HEAFEWIE

T B Ry R AT BUE T X 30P-30N
A EERS, HFETF LRI («=8",Ma=
0. 1D FEATF B, g Fm K 11 280 C, 5 LAXA



%3 AL A S8 TS 1 2 B0 3R 3 AR R Y 5 333

COOCOCOOOOOO =
oo oW Ry ool o=t min ¢
TR AT SRR AR NI

XU 250 B 552 3 18 3 76T LG (I 3 Ca) R %) . T . .
VL T SR A T B AR W) A L W 7 T At A A d "L
M. e 535 440 FE 1 RBORYMOH SR,
i — 20 B IR 07 L) 1 B M A SO T «=8. 127,
Ma=0.200E 75 15 B, IF 5 NASA sz ik 47 %t
He L S5 AN 3 (h) TR, 45 2L A8 55 5 00 i 3 A< Wy :
B FESIUE BT IR ATATHE (0 Bt (0 LaRC 3
r B 5 TEE Ty s B
i K Fig.5 Comparison of mean vertical velocity
A A 4~ [ 5 T DA 5 3 205 Ab 3 0 2k
i 3o 3 K T T 14 8 1 e A A
A o BT
S b S TR TR 5 ST I ] 6
e BT « B4 2 TR 15 52 0 (8 36 A — B 3 9 0 205
-0.2 0 02 04 06 08 1.0 1.2 . . .
it U HOBEALL HH T 08 32 A 8 0 TR BN A

[T U O V- S
T

() Ma=0.17 {5 {5 LAXA K% 55 (%1 1 : i?%é
150:
= %%g);
.
6k NASA %
i
= -150:
o = i i:%?):
2+ E (a) fiE (b) LaRC S
0_
%L &6 33 o ) E IR
2_0'2 (') 012 0f4 0{6 018 1?0 112 Fig. 6 Comparison of time-averaged vorticity
x/c
(b) Ma=0. 20 fj EL{H5 NASA SLE A X 1k it S flE CTKED 5 B 525 1 te e 7
NI R = g e 2 W = - e N e
i ; 5
8 SRR RO A BT 00 YR 60 89 A — B

Fig. 3 Comparison of surface pressure

coefficient distribution
isF 4 R U AL £ 1) RN T T IR 4R O 1) Y R
B EE 4 FE S FRFEZE RS LaRC 525
AR

o

083 () i E (b) LaRC 528

7w S g = BT L
Fig. 7 Comparsion of TKE

OO0 S
—ooo—NWhULhn
AB=DAR RS OUG

L N

B tp A B R I 0, —5e, OAb . 5 E B

ORCES (b) LaRC 82 185 72 37 MR 75 45138 15 A T S 9 BOHR T 3 L, a8
P4 USSR T 1) R 2 R L fis . AEBIASC 2D {5 B 45 R 5 Jb i 52 58 B

Fig. 4 Comparison of mean streamwise velocity &R . TRAT 2D 5 B, ZI& T J& 8808,



334 fiias TR

ot 10 %

BRI MR P I (D7 HORBOR A BAR AR S
FEATRVARZS T A T A5 75 410 o 155 00 e 2o WL %56 0t
0 S P R, e OO B MR RS B R A
AR A B 4 R R R BURE L .

——LEs
80 ----EXP

L
1000 10000
Frequency/Hz

K8 dm i Ma L

Fig. 8 Comparison of far field noise

3 BEINMSYELEMTERTERES
HY % i

3.1 #BEMNBSHNZIN

kT 5T el AR A 3 A A S B0 3RS 8 1 g
I P R R A S, SR B 6 41 4% 38 95 B (Gap) Fil 7
Y1 & JE (Overlap) AT & AL A BB AN 2
iR, &3 10 PASHASEART 32 MR
BSHAE . PL10C REAR RSN Jr &R 25°
BC— S0 55 (e 7 A 50 TR 3 e L s DA X
7S B R {E (OASPL Average, §i 5 N
OASPLA)E Sy i 12t W 7 5 BE A9 AR

#2 ZHWE

Table 2 Parameters setting

Mfi, %C
53 5 AR 538 5 AL
—3.0 3.0 —1.0
1.5 —2.5 3.5 —0.5
2.0 —2.0 0.5
2.5 —1.5
3.1.1 BT 2B

BEXt 1k 32 MNEEFLN R AL S8 4y AT 5
M R COASPLA)Y 57 1 &2 (C) 3%
GERPIBIE S EEEWE 9~F 10 iR, BT
P9 B 3 AR MR LR B A Ry ae A A8 S8R b 1Y
SIMIBEL. L, AR SRS AR L,

HFHME Overlap, H i AF Gap IS AL L,
RSN SR NG AN G =

SR QMR BSEON L, Bk
B G i M R AL BN T CL AR R O S
JFERAR | AR 4 G B (Y L) 4 5 M R SRR
FRFE KM C WIRR L/ s @82 B SEFE A, H
AR T B 5 B IS (U L) o 5 G I 7 20 R R 138 K
M Cp Ak KEW /N, H Overlap [ —1.5,—1]
X ] A2 f B, Mg S AR {2 @ 24 Overlap 4
—0.5%CH Gap & 1% C B, OASPLA /N, K
86.6 dB, LbJEifi &/ T4y 8 dB(8.36%), H C,.
LR GE IV i by N

OASPLA/dB
106.00

103.60
101.20
98.73
96.30
93.88
91.45

89.03

86.60

Overlap/(%C)

B9 OASPLA 583K SHNER
Fig. 9 Relationship between OASPLA and

slat displacement parameters

3:255
3.196
3.166
3.136
3.107
3.078
3.048

3.019

2.989

L
-2 -1
Overlap/(%C)

K10 C. S&REMBESHELR
Fig. 10 Relationship between C; and slat

displacement parameters

3.1.2 LAV B 1 2 BE 4 AT

B = Bl UL, 48 18 S 800 Ly LB B
9 M PR AR, BB B R R WO
L, LB = NN B S A AT, R



% 3 ]

AL A S8 TS 1 2 B0 3R 3 AR R Y 5 335

TAE T UL AE 3B 2 B0 A X T 4R A B
Ak SR A B A 44 5 BN O-2. 5G2. 95, F8 R
1 30N-30P B AR & . B Overlap A —2. 5%C,
Gap H} 2.95%C. LA FiEATi S BE 0T - 08 B8
Sk 0-2. 5G2. 95, 0-1. 5G2. 0, 0-0. 5G1. 0 i
TKE =KWK 11 frn. 4 Gap /), Overlap 3
K, SR 7 T G AL B S CFE B 25 02 D TKE
R E B WU 55 . M. M. Choudhari 1Y 1 ], Tao
SNy B G R R R BT U R e U S a3 R
S5 %y 1 ) B A P RS L B L B B B AL
s T 7= AR B i AR s, X LT 8 AT 11 &
P 5 3 L by W 7R 5 A% B R A 7 B A0 ) TKE 58
A EHHVIEER AR TKE 38 8 J2 51 & 58 51
P E N E,

(a) 0-2.5G2.95

(b) O-1.5G2.0

(¢) 0-0.5G1.0

K11 L, TKE =KX
Fig. 11 Comparison of TKE for L,

3.1.3 MRV TR AR PR S AT

WL B PR A S8 30 B S 504l &, U
RO ECRAS TGS 2 B 10C Ab S W A5, I
1/3 f5 A% e 12 frs . A8 F 6 kHz 5 [
M, Gap I8/ B Overlap 88K i, 7B F| T M 19 08
N BB A 0-0.5G1. 0 78 1 kHz [T B I
W,

90
80 F
70 -
m
=
260
[~
1751
sol | [——0-25G2.95
——0-2.0G2.5
——0-1.5G2.0
40 ——0-1.0G1.5
——0-0.5G1.0
30 1 1 J
10° 10° 10° 10°

1/3-Octave Band/Hz

12 1/3 fsAig &

Fig. 12 1/3 octave spectra

3.1.4  SLAINE OASPL 48 ) 14 &

WL, £, B 0-2.5G 2.95, 0-2G 2.5,
0-1.5G2,0-1G1. 5, 0-0. 5G1. 0 ILANE , 24l
ot 7 W A ) MR A A 13 T

— 0-2.5G2.95
r==020G25
« |pmme 0-1.5G2.,0
--—-0-1.0G1.5
=s=00-0.5G1.0

al(%)

€13 OASPL 45 I P[5l
Fig. 13 Directivity diagram of OASPL

ML 13 AT DL HY o 5% 30 R 7 2 — A~ LAY (7 )
W+ 75 05 B Gap 98/ FIl Overlap 3 K, B %
VS T UK 55 5 (L M B AR 315°BRE AT L 2 1) 5 4k R
5%, ] LA I

3.2 #EREAOII
SEL QW % M o R R AL E S 8L L



336 10 &
0-0.5G1. 04 1, 48 3 B2 2% 2wt o Jlt o , T Asf 41
T HiE, B o YU —6°~10°, [ FEh 2°, 4%

W 0 MR RS K, fHAE 0. 25 kHz Ml K& 4 ~
10 kHz &b, 4° I W8 75 %55 /vy — 4° B, £ 0. 3 ~

HIEFE OASPLA M C, BEo WZZRALTE LI 14 B 1. 2 kHZIX S8 5845 75 &2 12. 5 kHz BT (9 45 4 25
NN M 7 A
T T T T T T T T T 3.26 100
105F [Cm- 2
s
!
100 - / i 43.24 80
g Pl
< A ! St
S osf / J 13236 3
(é) Il (Q;J 60 -
o / ' 43.22
90 m A !
= I% ' 50
AT N 4321
85 A S m-=u 40
1 1 1 1 L 1 1 1 1 3.20 1 1
8 6 4 2 0 2 4 6 8 10 12 N 107 10" 10
o/(") 1/3-Octave Band/Hz
Kl 14 OASPLA f1 C, Ffio 745k El16 SRS oY 1/3 R5 S A
Fig. 14  Variations of OASPLA and C; with § Fig. 16 1/3 octave spectra for typical &

70 ff 5% £A 19 O ASPL 45 1) 7

8 M —4°~8°[) OASPL #§ a1 4n /& 17 Fip
7N AT LUE 26 /NI i 1 7 4 ] M DR AR A
— ;0= 8}, LA ) P BT R A W B AL B A
M A 2 A ] BB,

ME 14 ATLLEHC, BiE & WMAEARLEMN 32,3
B OASPLA W SE 180/ G 1 K 42 Y o
it 6°J5 » OASPLA I K, /MR 3S i o (<
6747 B T F& A% OASPLA 5
3.2.1 OfwfS 8 ffi shfE Xttt

8 4 0°F1 8ty TKE = K 15 iR,

(a) 0°ffi f (b) 81 ff e
270

K15 TKE m 4 B 17 LR 5 iy OASPL #5 i o &

Fig. 15 TKE cloud pictures Fig. 17 Directivity of OASPL for typical &

B 15 T LA M. 0= 8°H, 4% 3 25 s &b 11 T
B . o e 3.3 BETEMNEI
SHBE AR X F 0 A7 W Aok 1 s/ L (R 48 3 - R
R BT AR A it 053X AT BB (8 A5 i A Y TR PR A
13N
3.2.2 AN £ 0o BB AL S BT

WAL o 1Y 1/3 F5 Ak B an 18 16 B s, A LA
0 i R (0=8) I . FEMFE R 0. 5~10 kHz X 5
A I R I AR 50 S — 4 4° L, 7E 0. 5~1 kHz X

il S5 1 38 AR T ORI AR 3h A6 4 32 )5
AT ) K HETE 58 A B, MR Ak 19 5T 1) J2 M 7S R
DL Ko vy 55 17 J2 il 88 i >k 1 7 B B 67 1Y S A I
TR o8 AT bR . PRt A SO IR ae B A5 H AR ] L fiff
BEFLR G T e B A 45, N 18 fr s, AR
P = A A AR IR AR A S1(O-1. 72G2. 5 fii



% 3 ]

AL A S8 TS 1 2 B0 3R 3 AR R Y 5 337

TAF K ), S2 (0-0. 29G2. 78 i H T 42 JE) 1 S3
(0-0.24G1.32 P& TFAETE), VL R & o 7 & SO
(0-2.5G2.95),

K18 ARFE I L E

Fig. 18 Positions for morphed and original slat

PURIR A T B Co Ml OASPLA W3 3 FiR.
AT DL Y« JoF BT 4 10 T 0 i Dol /) 4 3L T 3 e 7 A
SRR AE S3 RS T X OASPLA Ay Il 55 & ik
F 11.6 dB; [FImF S1 A C, L S0 K, S2 Ml S3
(1 Cy I A BB/

#3 ARZRT Co Ml OASPLA
Table 3 C, and OASPLA for various morphing positions

R Cr OASPLA(dB)
S0 3.18 94. 54
S1 3.24 91.05
S2 3.14 89. 97
S3 3. 14 82. 90

3.3.1 ARZZEER TKE 5347

TIEHTJE ) TKE = B 19 B, ol LA
th: OF M4 5, &3 M40 TKE B 8380/
@OMugF Ny STRAR, b FAER 5 3 H W R i%
S AEEAALE TR A B AR 5 A TKE; ©
MR EMAIAE R S2 RGeS F R AR
P B A b w4 i TKE &35 005, H
W 3 CEHE A BRI 20 ) TKE 35 7 18 K @ 24 4%
BNy S3ORAS I, A 5 32 3 0 A P S g 2k W I
B T8 B 5 48 /0N 3l A5 G AE B P A7 RO Y
TKE #F— 25 &A% W% 7 17 CRIAE (A b5 358 40 4 52
K TKE,

(a) SO RZ (b) SI MRZ

(c) S2RA

(d) S3 k&

K19 BEHEE TKE =K
Fig. 19 TKE for morphed and original slat

3.3.2  RIEVAE TG (45 R 5 43 B

ARVABIE 0 1/3 A58 [ a1 20 f s, ] LA
BB H A 4%E )5, £ 0. 23 kHz & 0. 5~
2 K H 2y 55 M 75 4 X T 35 o A7 3 A 0N (A 7
2 kHz ZJ5.S1,S2 M A LL SO B K, vl g j 4 3
W 73 T L B 55 3 2 0 43 PR A5 i T T L
S3 |y T3t P A R A W 3 fF G AE I Ty TR A i O
SER A5 I 00 ), AT A A0 0 R A I M S R B 3

90

1 1 J
10° 10° 10* 10°
1/3-Octave Band/Hz

K20 KRR M 1/3 REAE
Fig. 20 Third-octave spectra for different morphing

3.3.3 RIS OASPL 18 [a

ANFEZEIE B OASPL 45 ] % K a0 & 21 fivos
Al LA . 4% 38 B PR K el AR T 3 e R B T )
P, B S1 7 235°F1 S2 £F 60°~110° M 75 L1 FLfEff



338 iz TR

Lt R 10 %

B SO KRLIHN,S1.S2 F1 S3 1M A5 7E 44 5 1n] b 4K
Frd /N . S3 T 76T B D AT M s PR Skl LA
VA 5 AHT B MRS R R I H IR 7S A T S0
N

OASPL/dB

150

180

210 | L 330

——

270

B 21 KNIEZSIE ) OASPL 45 fm) 7% &1
Fig. 21 Directivity of OASPL for different morphing

4 BESHRABRSREFESH

BT UL SR LA 2 80 5 AR T 6T MR R ) (Y
WFIE AR SOk = AR IR ALY )7 %8 : O0-0. 5G1. 0,
0-0.5G1. 0(4°) (BRI 6=4)Fll S3, % H: T} 7 2k ¢
HEATWRSE . Al 22 s . ATRLE . LR Tt
TV IEARAAS T e KT 1 R B s
P B T A S3 RS E R IMA R TR %
WL R AR, BT 0-0.5G1. 0 4 B 1)
FAmEE AR, B O-0.5G1. 049 .l KT+ 1 B
EENIR WA

40 ¢ .
—a— S0
—o— 0-0.5G1.0
—— 0-0.5G1.0(4")

35F|—+— 83

Q3.0 F
25 F
20 1 1 1 1 1
0 S 10 15 20
al(%)

K22 AFESEERZSHT C. FEEMA o« M2k
Fig. 22 Variations of C, with a for different

slat parameters

5 & &
(1) o8 2% 30 57 B 2 L T S0 25 08/ 4 38 5 9

WS [l B R R F 7. e O-0. 5G1. 0 iz
LAl HI55 OASPLA IT 8.36%,

(2) B TA LAY 34 R EEFAwFL f 0, v I/
G b7 W PR R G EY 6 3G R B — e H (AN 6°),
HE TR TG 2RO,

(3) 43 [ 35 N AR Y 3F P 4% 18 T I B 5y U1 2
T3 55 ) T P Al 4R D/ AR MR R (S3 e K AT B
K2y 11.6%0) . HE AR 8E 3B % N 5 338 7
b U KR AT SR A LA Y IR S

(4D AR ARESET . KT RBCH —
FERRFE BN e HOE AR I B 48 8 B R 78
SR N AR T A 38 B R AL 7 25 IR RAT I A Yl
FHYE H

5% 3k

[1] Dobrzynski W. Almost 40 years of airframe noise research:
What did we achieve? [J]. Journal of Aircraft, 2010, 47
(2): 353-367.

(2] SRILE, M3k, BRAHE, 45, KAVEHLA WS Ha ], At
ZE A, 2010C14) ; 66-69.

Zhang Weimin, Hao Xuan, Chen Dabin, et al. Aeroacous-
tic prediction of large commercial aircraft[J]. Aeronautical
Manufacturing Technology, 2010(14): 66-69. (in Chinese)

[3] Wilfert G, Sieber J, Rolt A, et al. New environmental
friendly aero-engine core concepts| C] // 18th International
Symposium of Air Breathing Engines. Beijing, China: [s.
n. 7. 2007: 1-11.

[4] Khorrami M R, Choudhari M, Singer B A, et al. In search
of the physics: The interplay of experiment and computa-
tion in slat aeroacoustics [ C] // 41st Aerospace Sciences
Meeting and Exhibit. Reno: ATAA, 2002: 1-10.

[5] R, /T, whLde. CHHLIA S 3 WA 5 7k sk

[J0. M7 TAEfE R, 2010, 1(2); 125-131.
Song Wenping, Yu Lei, Han Zhonghua. Status of investi-
gation on airframe noise computation [ J ]. Advances in
Aeronautical Science and Engineering, 2010, 1(2). 125-
131. (in Chinese)

L6 #RBE. fias & shbL 2 we it i e e b R X s IR L], i ss
R AR, 2011(2): 52-54.

Xu Yue. Research progress on aeroengine jet noise reduc-
tion by microjet [ J]. Aviation Science and Technology.
2011(2): 52-54. (in Chinese)

(7] FRWIHL, Michel U. — 4 ff 4 28 B 910 ik Ho AR B 6%t €L
HEI7 A bl A AR e R R BE S L) ], R AR R, 2001, 26
(2): 161-168.
Qiao Weiyang, Michel U. A study on landing aircraft noise
based on the fly-over measurements with a planar micro-
phone array[J]. Acta Acustica, 2001, 26(2);: 161-168. (in
Chinese)

[8] Soderman P, Kafyeke F, Burnside N, et al. Airframe noise



5 3

AL A S8 TS 1 2 B0 3R 3 AR R Y 5 339

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

study of a CRJ-700 aircraft model in the NASA Ames 7-by
10-Foot Wind Tunnnel No. 1[C]// 8th AIAA/CEAS Aero-
acoustics Conference &. Exhibit. Breckenridge: AIAA,
2002 1-9.

Chow L C, Mau K, Remy H. Landing gears and high lift
devices airframe noise research[C]// 8th ATAA/CEAS Ae-
roacoustics Conference &. Exhibit. Breckenridge: AIAA,
2002 17-25.

XU, EAEH . RS, 5. 4 0 ) 20 i 2 4 B o
YW L], 2B 12224, 2012, 30(3) : 388-393.
Liu Zhiren, Wang Fuxin, Song Wenbin, et al. Far-field
aeroacoutic analysis for slat of a two-dimensional high-lift
configuration[ J]. Acta Aerodynamica Sinica, 2012, 30(3)
388-393. (in Chinese)

Choudhari M M, Khorrami M R. Effect of three-dimen-
sional shear-layer structures on slat cove unsteadiness[]].
ATAA Journal, 2007, 45(9): 2174-2186.

Tao J, Sun G. An artificial neural network approach for
aerodynamic performance retention in airframe noise reduc-
tion design of a 3D swept wing model[ J]. Chinese Journal
of Aeronautics, 2016, 29(5): 1213-1225.

Knacke T, Thiele F. Slat noise reduction using steady suc-
tion[ C]//46th ATAA Aerospace Sciences Meeting and Ex-
hibi. Reno: AIAA, 2008: 1-16.

X . MR, AR, S ZBRIAINT AR RN
50 AESR )], R LRI 585, 2012(2) .
6-12.

Liu Peiging, Cui Yanxiang, Qu Qiulin, et al. Computatio-
nal investigation of the slat blowing and noise control for
high-lift airfoil[J]. Civil Aircraft Design & Research, 2012
(2): 6-12. (in Chinese)

Peng Chen. Identification and attenuation of slat noise[ D].
Southampton: University of Southampton, 2012.

WA, RIS, TARR . GF. BT TS OTAT S I 0 4 3 g
FERBITEI]. 212, 2014, 32(6) : 854-860.
Huang Hua, Li Weipeng, Wang Fuxin, et al. Slat noise
suppression based on upstream parallel mass injection[ ]].
Acta Aerodynamica Sinica, 2014, 32(6): 854-860. (in Chi-
nese)

Chappell S, Cai Z, Zhang X, et al. Slat noise feedback con-
trol with a dielectric barrier discharge plasma actuator[ C]//
6th ATAA Flow Control Conference. New Orleans: ATAA,
2012 1-15.

Andreou C, Graham W, Shin H C. Aeroacoustic study of
airfoil leading edge high-lift devices[ C]//12th AIAA/CEAS
Aeroacoustics Conference. Cambrige: AIAA, 2006 1-6.
Klausmeyer S M, Lin J C. Comparative results from a CFD
challenge over a 2D three-element high-lift airfoil [ R ].
NASA-TM-112858, US: NASA, 1997.

Jenkins .. N, Khorrami M R, Choudhari M M. Characte-
rization of unsteady flow structures near leading-edge slat:
Part 1: PIV Measurements [ C] / 10th AIAA/CEAS
ATAA, 2004.

Aeroacoustics Conference. Manchester:

2801-2809.

[21] Smith M, Chow L, Molin N. Attenuation of slat trailing
edge noise using slat gap acoustic liners[ C]// 12th AIAA/
CEAS Aeroacoustics ATAA,
2006 2666-2673.

[22] TImamura T, Ura H, Yokokawa Y, et al. Designing of slat

Conference. Cambridge:

cove filler as a noise reduction device for leading-edge slat
[C]//13th AIAA/CEAS Aeroacoustics Conference. Rome:
ATAA, 2007 3473-3479.

[23] Herr M, Pott-Pollenske M, Ewert R, et al. Large-scale
studies on slat noise reduction[ C] // 21st AIAA/CEAS
Aeroacoustics Conference. Dallas: AIAA, 2015. 3140-
3163.

[24] Pagani C C, Souza D S, Medeiros M A F. et al. Experi-
mental investigation on the effect of slat geometrical confi-
gurations on aerodynamic noise[ J]. Journal of Sound &. Vi-
bration, 2017, 394 . 256-279.

[25] Wells A K. Slat Aerodynamics and aeroacoustics with flow
control[ D]. Southampton: University of Southampton,
2007.

[26] Lockard D P, Choudhari M M. Noise radiation from a lea-
ding edge slat[ C]//15th AIAA/CEAS Aeroacoustics Confe-
rence & Exhibit. Miami: AIAA, 2009: 3101-3108.

[27] AR, 2 2 B3 M4 31 4% 3 2 BOx) Jic 3 e 75 1 5% ) 43
BrDJ. Lifg. B#ECH R, 2011
Liu Zhiren. Far-field aeroacoustic analysis for slat setting of
a two-dimensional high-lift [ D]. Shanghai: Shanghai Jiao
Tong University, 2011. (in Chinese)

[28] Murayama M, Nakakita K, Yamamoto K, et al. Experi-
mental study on slat noise from 30P30N three-element
high-lift airfoil at JAXA hard-wall lowspeed wind tunnel
[C]// 20th ATIAA/CEAS Aeroacoustics Conference. At-
lanta: ATAA, 2014 2080-2084.

(290 B, PRI, IRBESR. T N A0 20 000 45 114 4 3L MDA 430 75 e
MR, =Bl Sy, 2015, 33(4): 515-522.

Tao Jun, Sun Gang, Xu Kangle. Slat cove filler design for
noise reduction based on artificial neural network[ J]. Acta
Aerodynamica Sinica, 2015, 33(4): 515-522. (in Chinese)

[30] LiL., Liu P, Guo H, et al. Aeroacoustic measurement of
30P30N high-lift configuration in the test section with Kev-
lar cloth and perforated plate[ J]. Aerospace Science and

Technology, 2017, 70 590-599.

EE®EIT:

FEAEA968—), B L RlHR, BRI MG
TS R AR

F B9 B LR, BRI S8
F 5 it,

o OBEC1992—) B WL WFRE, EEBIR IS SRS
HEEH

(HRiIE:MH1H)





