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Fig. 1 (a) Computation domain; (b) Cylinder-airfail local mesh
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Table 1 Parameters of the porous leading-edge medium

&% d,/mm K
40 0.58 2.78x 107
50 1.48 3.78x 107
60 2.29 4.98x107

1.3 FW-H m&Ib 52

e FW-H 75 28 [0 07 23R O 3 75 A5 B, 8
o % % 2k P 5 B A Navier-Stokes 5 F2 #E 5, Al ¥
FW-H 5 s an g 00

1o°p _,, &
2 or -Vip'= W[Tin(f)]_
0
a_{[Pi_jnj + pu(u, —v,)16(fH}+
Xi
0
E{[Povn +p(un _Vn)]é(f)} (5)

b, Py AR SRR, w TR BEAE X T7 16
(7348, w, DR AR JEE A BE T3 18] 1) 20 0, po R



764 B AR TR O A SR B D

552 3%

ZHEN A R R, v, kR T RV L Y 4y
B, 6(f) MR ST R, H(F) N2 4 FE B BR pR B
P =p-—po WL, ¢ ZILFFEH, f=0FKn
HRATESNR SN, £ > 0 %50 TC S A7 X 8k o 11y
0 T, 2t RT3 T R R T 98 0 T
A n HARI f>0 WRAEMNE, T, 4 lighthill
N Fy e, s SRR

T, = pusu;+ Py — ci(p — po)dy; (6)
XF T Stokes ik, 4N S5k Py T4
Ou; Ou; 2 0u
P.. = L= —_— —_— 0
i = POy “(ax, " ox;, 3 6xk6”) @

AT ) FW-H 8 2h 75 2 19 R 53 i Farassat
RORS 1 AR 4323 2 Formulation 1AM 25 H1 .
1.4 LES MigE=RME S 47

LES A0 AR 2 a8 ok I A IO JRE it B R R i
TRAS Y, T /0N RUBE Ji it 388 3o IV Do AR AU A 5, IO A%
PR T AL RE S R A SRR S 40T . BSR4
Celik Z#12) 4 H 149 & i it Ik 20 BE SDHE 23 B 9 4% 1)
JittfEHR LES-1Q, R AR I AL bR —H, 1] 15 40
1k 15 1 20 BRI B RO RS AT 190 A% 23 B ot i O3
Mro ZHMEVL I S S 20 BE T S RE k= 7ESMIERY
T S SRR K By b7 LR B, TR B RS
TH AR (LES_1Q)h 75% ~ 85%1), & LU T

kres
LES IQ= ®)
Kiot
1
LES IQ, = )
1+ k?ﬂ—l ar(ar—1)"
1
LES 1Q, = = (10)
+|— —1{(@-1)"
+ = (@ )

LES 1Q

0.2
—— Fine mesh
""" Coarse mesh
0 1 1 1 I
-0.4 -0.2 0 0.2 0.4
yle
(a) x=—0.25¢

Horf, NS 1R 2 SRR A A%, o> 1, ERfE A%
AWE p=2.

& 2 PR S AE AR BB AL X x = —0.25¢ FISEL A R
W ox=1L1c HES A LES 1Q XF b, v LIF R /EE
Y JE BB K EB 4 X 3k Y, LES 1Q, K ¥ /r #F K F
0.6, 1Mii LES_1Q, # KT 0.75, 1t FH 41 W A% 45 4~ 1y 376 2
= BN LES B 20K, BRI, JE 23Rk FH A A
1.5 HEFERIE

FEHEBRA 800 5, RS R AE T K2 30 4R i
J AR RS S 45 R AT o . Kl 3 B,
LES 11515 2 /9 [ 4 B2 3 X (x = —0.25¢) 11 ¥ 3K
JE (tinean) WK BNE L (g ), 55 Chen 2514 ) IDDES
45 S R H A S 50 5 SR E AT 6T B, T DA R 3 3T B X
F) fif BT 45 S Lt IDDES 5 52 56 {B B 5, X Fh 22 5 R T
PRI A 7 VR 0T BE T T A AL B R TR . R TE
R AR AN 22 5, (RN ] 4 R, 31 R Y
YT FREL C, B Tl G MR 7S G BRI 2 T ) Bk
AR C, 5SHEIE G REF, X R T S HTE
X AZ O PR AL A R e AR T e . T LU
AR T REERIFAERES, XATREH T4
SCHEUE BRI R AR B AR € W B T A e A £,
R R RGeS A AE S R, (B U R 2%

SR EUE DT ol g . & 4 TR Chen 2514 1

15 L4853 W B, R s 7 % Bl DA 2% —
BRI R 2 30% 5% K (x = 0.3¢) BN E, 7EMZ 5 TR
77 % B 4 F AE AR OK O, DR L e SR 3 R Y i
30% HE 4k Z2 LA ORI LR MR R

BRI 2 A1, AR SO [ AT - 38 70 158 37 W 75 R A 7 T
Wi, AR s K o G, 15 m SRR R R

36 A~ Wl 5, FEF 5L B0 80 5 IDDES 195 8 74
LS TIRE . 83 PR Y XN T
SPL(f) = 101g(S ,,(f)/PL) (11)

02r
—— Fine mesh
""" Coarse mesh
0 1 1 1 I
-0.4 -0.2 0 0.2 0.4
yle
(b) x=1.1¢c

2 ML RIS R R 8 S 3 IR IX (Y LES i 8

Fig. 2 Quality indexes of the LES for coarse and fine mesh in the wake regions of rod and airfoils
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Aerodynamic Characteristics and Interaction Noise of Airfoil with
Porous Leading Edges Based on the Rod-Airfoil Model

GUO Jinfeng, LAI Huanxin
(School of Mechanical and Power Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: To investigate the suppression effect of porous materials on turbulent interaction noise at the leading
edge of airfoils and reveal the noise reduction mechanism, numerical simulations of the classic rod-airfoil (NACA0012)
interaction noise model were conducted using Large Eddy Simulation (LES) combined with the FW-H acoustic analogy
method. The numerical setup was validated by comparison with experimental data and grid sensitivity analysis. This
study compared the flow field and sound field characteristics of a solid leading edge and porous leading edges with
porosities of 40%, 50%, and 60%, respectively. The results showed that porous leading edges could effectively
attenuate low- and mid-frequency single-tone noise, and the noise reduction performance improved as porosity
increased. A maximum noise reduction of 11.2 dB was achieved, yet the average drag also rose correspondingly.
Analyses of pressure fluctuations, velocity distributions within the stagnation region, and turbulent coherence were also
performed. The results indicated that the porous medium suppressed the vertical velocity component of the incoming
flow as the flow impinged on the leading edge; consequently, the pressure fluctuations were also suppressed.
Furthermore, the porous structure disrupted the spanwise coherence of turbulent structures and weakened acoustic
radiation efficiency.

Key words: large eddy simulation; acrodynamic noise; rod-airfoil; porous medium; noise reduction
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