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Numerical prediction for the acoustic noise of helicopter rotor in
forward flight
SONG Chen-yao, XU Guo-hua

(National Key Laboratory of Rotorcraft Aerodynamics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A numerical method based on the acoustic time-domain formulation 1A of Farassat is established to predict
the acoustic noise of helicopter rotors in subsonic forward flight. In the present method, the total acoustic noise is cal-
culated by the combination of thickness noise and loading noise. The blade surface is discretized along spanwise and
chordwise directions and the retarded time is solved by the Newton’s method so that the acoustic pressures of rotor
noise at different observations can be numerically computed by the frame transformation and the spectral analysis of
rotor noise signal can be performed by the Fourier transformation. Based upon the above method, the numerical exam-
ples on rotor noise pressure and spectral analysis are made, and the calculated results are compared with the available
experimental data so as to validate the present method. In addition, the effects of the blade number, rotor speed and
forward speed on the rotor noise are also calculated and analyzed. On the basis of calculations and analyses, a few
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meaningful conclusions are summarized.
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Fig.1 Flow chart of computations
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different blade numbers

12
— 2kt
--- 3y
81 : - 4R

00 02 04 06 08 10
HsFE]/1 5 3
105
N %&%ﬁ%
@ 75 o
2 B0
= ", X
» 60 LN
>B oo
L% >> OOOQ
45|° 2t
> 3){3t e,
> 4% >
304+— , : : .
0 10 20 30 40
kb

Bl 6 ARSI 50 B A iy e 75 P s T R B A R %f L
Fig.6 Comparison of loading noise pressure and spectral with
different blade numbers



5514 R JREEAE  H WIRAS T BT U 3 Jig e e s 1oty 161

Ak S
2200 : : : .
00 02 04 06 08 10
AT TR /1 R 3
120-
1004
3
= 80.
[a W)
wn
604
I %"""’4::’
o3&t >
40415 g
0 10 20 30 40
PRI 2

Pl 7 ANTF) BRI J e SR S M 7 75 s DR B F) e L
Fig.7 Comparison of total noise pressure and spectral with different
blade numbers

100
£ -100 '
Z
2. -200
- ---rev=125()
-3001 - rev=1300
—ev=1350)
-400+— . , . : ;
00 02 04 06 08 1.0
/1 & 1A
120-
105-
£ 90-
= R,
751 uuq’nnﬂ
o rev=1250
601l ¢ rev=1300
> rev=1350
451 = . . .
10 0 40

20 3
1 I B
8 N[t AL I e L) e 7 P s D R AT SRS o b
Fig.8 Comparison of thickness noise pressure and spectral with
different rotate speed

S 4. AR5 2 FEmE L, o Bk S e A
M /93) 0 12504 13004 1350 (45 o
Bl 8. &1 9 FIE 10 23 45 HE T AN TR Jig F % 15

DU PR T 38 J5 FEE MR 75 | A IR 7 MR 7 R0 L (T
i orev ARTEILACH, AL B/70). WEIHRTLLE
P i SR P 1 o ) B X e 7 P s D R e 7 A

15 4 ---rev=1250)
- - rev=1300

—rev=1350

10 |

75 J5/Pa

-10

00 02 04 06 08 1.0
AT TR /1 R 3

100

801

SPL/dB

60+

11 arev=1250
40 orev=1300
>rev=1350

20

0 10 20 30 40
WL
Pl O AN [ A 74 e SR e 75 75 s A R AR o Ll
Fig.9 Comparison of loading noise pressure and spectral with
different rotate speed

1004
0
<
2<-100 ’
‘Hﬁ --1ev=1250
-200 - rev=1300
—rev=1350)
-300 4
-400 . : : :
0.0 0.2 0.4 0.6 0.8 1.0
I E)/1 41340
1201
100
m
z
-
& 80 -

60 [ = rev=1250 ®
o rev=1300
> rev=1350
40 : : - r :
0 10 20 30 40
IR

10 AN [R] e 1 g 32 G e 75 7 s T R RIS o L
Fig.10 Comparison of total noise pressure and spectral with
different rotate speed



162 I B S S N 2009 4E
70 1 BN, e EUEOR, R A 2 REREN, B
A | HUL BTER A, WL A, BoRs
o _ B 3 20 7 AR B0 1 A AH

& B 5. RS 2 WAL L, vHECE e AL BR R
ﬁ-mo- N CHEE (AL m/s )4 i R V=(30.0,0,0) -
210 V'=(50,0,0) . V'=(60.0,0,0) {15 IL
280 T VH=20.000 11 12 R 13 g Rg e T SR A
350 . ' TMFQWQ Ty ANFEIET RIS O e R S | 2 far g
00 02 ﬁ%ﬂ%ﬁ 08 1.0 PR 0. NIRRT DUE Y, A RO B
120 ] - BN M S 7 R R W R S 2 A A K IR i), 2
P T 2 M 70 T 3RO R LA R . RO
100 . BEHOR, M RS R IR ) I EROR, AT T EUR
@ W TR U RS, T B T I B i, BTk
o
Em TP UK, M e At il 2 R AN, BB AT IR
7 RO, MRS 2 BRSNS
60 |
704
40 y p y ' O-—gdj‘.,} P .
10 20 30 40 (
TR A % 270 4 1
el T AR P e e S e 75 75 3 R AT L £
Fig.11 Comparison of thickness noise pressure and spectral with #4-140 4 ]
different forward speed e
210
280 - VI=30000
15 4 -~ VH=30000 -+ - VH=500,0,0
i i
— —= 00 02 04 06 08 10
FSF 8] /1 4 30
> 1 120 -
W_‘“_" 100 1
-5 1 m
Z
— _
10 . . . . = 80
00 02 04 06 08 1.0
A 8] /1 4 30
60 12 VH=300,00 o,
100 o VH=50000 o
20 > VH=600.00
%04 0 10 20 30 40
R
g VR 13 AN [ M R 74 75 T R R A L
d 60 Fig.13 Comparison of total noise pressure and spectral with different
n forward speed
pE
N UV M
202 VH=60000 4 45
0 10 30 40

20
T 4
12 7[RIV ) g 3 i g P 75 T R R A3 o L
Fig.12 Comparison of loading noise pressure and spectral with
different forward speed

AR IR RE M, R T W PR T A o 7 g 38 A ikt
PSRRI . gt iy, TP 75 P T 1) S {EDBOK
TS S50 68 75 PR 7 DB RKC o 1 B3 R 7 8

AL T MR AT IR T BT HUe 3
Joe e e 7 (KT T 5 9, P T RE 1 Jie 3 2 400S g
FEAALTE M I 73 H, A3 2GR 4 ig

(1) B RS, TER e m e, J5 g
F B3 I 7 A TR B B I A SR B
Bk, JF HAER —IRBCN, AT goh TR



%1 RIREEAE BT IR N BT Ui 3 e e 1 7 Yol 163
;'gg& , ﬁﬁ@iﬁ E }“ g& *D ?éa T ]];T% & ANy =] IJ j(%: different aeroacoustic method[R]. ATAA 1996, 96-1695.

T 370 5L PR 7 R R P H

@) BCIRA T, S0k 88 I 1 75 75 I

(REUAN K, TR W7 A (O S i ] i, Ay B

WEFRBR, AMWRIDRM o2, Jediess g
MR 2N B AR

(3) WU RARZST, e 3 A S (10 348 o %o e 7 7
&@ LI SESE YN Al ﬁ%%%wiiiﬂﬁ
T e B AR A LR AR, L e B AR,
Fﬁ?hﬁﬁ%

@) TR, TG 38 KK g
&%Fﬂ i ERA R %Wﬁw%ﬁftﬁ
W P I A

(5) ANSLAENT I T THATUE 3 e 2 e s (1) Tl
YERT DA A0 R 30 2 A KO 2 T e 3 e e gk

I S

(7

(8]

T
(91
Z % X W
[10]
[11 Natsuki K., et al. Validation of a helicopter noise prediction system

[A]. The 56th AHS Annual Forum[C]. 2000.
Kenneth S. B., Farrasat F. Helicopter noise prediction : the current

2] i

status and future direction [J]. Journal of Sound and Vibration,
1994, 170(1): 79-96.
Kuntz M. Rotor noise prediction in hover and forward flight using

Roger C. S., Leonid O., and Rupak B. New computational methods
for the prediction and analysis of helicopter noise [R]. AIAA 1996,
96-1696.

Penddey R E. Recent advances in the technology of aircraft noise
control[J]. Journal of Aircraft, 1976, 13(7): 513-519.

IRIEE, FIE. EBRE TR e R AR AT S
)15, 1996, 14(1):68-72.

XU Guohua, GAO Zheng. A preliminary investigation of noise
experiment for helicopter model rotor in hover [J]. Acta Aerody-
namica Sinica, 1996; 14(1): 68-72.

WIRZ, HES, Tifr. &+ CFD/Kirchhoff 777 1 B THHLE R
P P AL BT [T]. EEC B, 2006, 23(2):137-143.

ZHAO Qijun, XU Guohua, WANG Shicun. A numerical study of
high-speed impulsive noise of helicopter rotors with the
CFD/Kirchhoff method[J]. Chinese Journal of Computational
Physics, 2006, 23(2): 137-143.

T, BRAHL. BAIRE TR AR A AT [J]. B
KRR, 2003, 35(3): 273-276.

WANG Huaming, CHEN Benxian. Theoretical analysis of rota-
tional noise in hovering rotors[J]. Journal of Nanjing University of
Aeronautics & Astronautics, 2003, 35(3): 273-276.

Strawn R C, Biswas R. Computation of helicopter rotor acoustics
in forward flight[J]. Journal of the AHS, 1995, 40(3): 66-72.
Rajneesh K. S. Transonic effects on aerodynamics and acoustics of
blade-vortex interaction[D]. Doctor Dissertation, University of
Maryland College Park, 1999.

Daniel G. O, et al. Rotorcraft aerodynamic and aeroacoustic mod-
elling using vortex particle methods[A]. The 23rd International
Council of the Aeronautical Sciences[C]. 2002.

TEFSHR
Symbols
LR R EEDA LR o SR
P ik, Pa G RN, m/s
P 7RI, kg/m? v, Bt R I R, m/s
M, : Wk 7 A4 8 77 1) S 4 7 B s B K AL A7 S, m
L i 7 R EALTIARER ), N S E Ny
R, : KRR, m Ko CZAEBURY =)
N,: (I SR ISP &t N,: ORIV PR E i
T: W], s t: WELHTR], s
rad : R Ji i, rad A A, rad
ret IR IR 8] I hR S N: Ji1n) 73 B




