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Landing gear noise analysis is becoming more important because noise issue around the airport become prominent. In
this research, flow around JAXA landing gear is simulated using Building-Cube Method, and the aeroacousic noise is
estimated by non-compact Curle's equation. BCM employs Cartesian mesh to solve incompressible Navier-Stokes
equation. Aeroacostic noise generated from a circular cylinder is simulated for the validation. Regarding the landing
gear model simulation, the difference of aeroacostic noise by changing torque link location and wheel cap shape, and
assessment method of aeroacoustic noise directivity are investigated.
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2. Building Cube Method (BCM)
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Figure4 Analysis domain of cylinder

Table1l Analysis condition of cylinder

Re 20x10*
Characteristics Velocity 7.5[m/s]
Characteristics Length D=0.04[m]

Sampling Frequency 6.3[Dimentionless]
1280[Hz]
. 0.133[Dimentionless]
Frequency Resolution 2 5[Hz]

The number of cell about 100million

about 14 days

Computation time (by NEC SX-9)

Length of FFT 512
Averaging 10 times
Overlap 50%
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Table2 Comparison of SPL

Sound Pressure Level [dB] at 37.5[Hz]
. +Near Field Far Field
Analysis . .
Experiment Experiment
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Table3 Abbreviation of simplified LEG

Abberviation Torque link location Wheel cap shape
BS Back Seal
BT Back Tear
FS Front Seal
FT Front Tear
NS Removed (No Torgue link) Seal
NT Removed (No Torque link) Tear
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Table4 Analysis condition of simplified LEG

Re 1.49 x 10°

Characteristics Velocity 54.4[m/s]

Characteristics Length Wheel D=0.4[m]
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Sampling Frequency 10[kHz2]
z
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Frequency Resolution 20[Hz]

The number of cell about 90million
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Averaging 10 times
Overlap 50%
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Figure 26 Time average velocity distribution and SPrms (NT) Figure 29 Time average velocity distribution (NT)
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Figure 33 Directionality (experiment)
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Figure 36 Directionality (analysis with Doppler)

R 7T —38a AND Z 81X > T EFRRIDOSPLAN KX < 72
O FHRAID SPL VNS  Zpo Tz, K0 FEBRTIY MEm 2R 2 &
NTEZN, CHOIIINE L CH3 ITRE SFHlisnTHY, —kE
OB " > EFE LS BETIMNERD D LB XD,

(i

4la), BCM &=zt b Curle D2 AV T JAXA OFEIG
{LET VO E1To T, FIREORE T, DA~ iRORARRL
GIDANRY MVDE—T DFECRE S &2 EEINIIE L fiffr
BT LENTE, BCM LFHm 7 b Curle XA ML R
T&TZ,

REIDFFHTCIL 6 /35— DFR TR AATV O, FE= 37 M
Curle PDRA NS Z L2l > TOD a7 M Curle DL Y
BRTHERZUGET D Z LR TE, CPOBRBIZBWTH AT b
JUZB U CHBME L ERANC B I ED Z N TE, T2 B
REDENNZ L BB O R0, TREZ L OlFF L-L i, Tl 2
ZEMTE, K=Y (I VT« A —NFx v ) OB
Fiox 2 BE E L GHMECE 2, Zhb L IEas s ME
Curle DROAMEAMERT D Z LN TE T2, 22/ 35O
WL, Ry 7 7—31% Curle ORUTHAATZ L12 Xk~ T
FEREMEN AR T Z LN TELLHDOD, CH I & O
BEORESITELSFHIT 2 Z LR TE ol

10

% 25 ARIBERAENFEL VRO L

A08-2

ATEIOFFIZIN T, IDEEEIRE 72> T D OASHEE Z A

YoytE, FA v L - THEICBT2HBEHIL > TEL TS

ZEWRTTE L, £, M2 Y U7 ERITFITRLES 2 Z &1T

Ko TENLDORNMNEL L, BEE LIRS E TS Z & H T

TEo, ARIFIS DITRNGSFEMT L COE, BEEDA =X
LOfFEAT TS,

e

AL IAIFE (21226018) DA 2T T2 b D TH D, Fiz, A
WFEDFHRITHEALRFE YA =P A T A X —0 SX-9 &
W To7,

SE30

(1) “Rk 21 R REEEHICBIT 2 RERE, MEVEA A
ASIZEREBRFE 2, 2010.

2 HMUIGE AFCKRES, JHEME, /R, PO <JAXA T
SRS OB TR, 5 41 BRRIA RS Tl
Bl 2 2 L—3 3 VAT IR D BGEHEE, pp. 311-314,
2009.

() AAIKRER, EHFE, BUIRE FILOCZE, A—RE, “EHEE
BRSSO & E A VS OEAERYT, B ARz
2FRSCE, Vol 57, No. 671, pp. 493-498, 2009.

(4) N.Curle, “The influence of solid boundaries upon aerodynamic
sound”, Proceeding of Royal Society (London), No. A 231, pp.
505-514, 1955.

(5) F Williams, J. E., and Howkings, D. L., “Sound Generation by
Turbulence and Surfaces in Arbitrary Motion™, Philosophical
Transactions for the Royal Society of London, Series. A 264, pp.
321-342, 1969.

(6) H. Onda, R. Sakai, D. Sasaki, K. Nakahashi, “Unsteady Flow
Aerodynamic Noise Analysis around JAXA Landing Gear Model
by Building-Cube Method”, AIAA paper 2011-1081, January, 2011.

(7) T. Ishida., S, Takahashi., and K, Nakahashi., “Efficient and Robust
Cartesian Mesh Generation for Building-Cube Method”, Journal of
Computation Science and Technology, \Vol. 2, No. 4, pp. 435-446,
2008.

B) G, “FEE R TALD RHUEHAEE A TR BE T D9,
AR TR 5L, 2009,

(9) MJ.Lighthill, “On sound aerodynamically”, Proceeding of Royal
Society (London), No. A211, pp. 564-587, 1952.

(10) KU, “HAL P ORRWIS17: DIEAET 5227 18 O E
TANZEES DT, BRI L, 2005.

(1) SRR, BRHEE, DN T2, TR, <4208 O3/ EEIC
B9~ 2% ST (5 1, PRI ) DZEHIEZIZ DU T) 7,
H A 254702 B, Vol 61, No. 592, pp. 4371-4378, 1995,

(12) R, HEEEE DTS KEER RR, A2 E DI
HEZBES2 SR (5 2 i, SR )Z88) & 220 )8 DR A
BHRIZOWT) 7, HAME =30 B, ol. 62, No. 604, pp.
4160-4167, 1996.

(13) Crow, S.C. “Aerodynamic sound emission as a singular
perturbation problem”, Studies in Appl. Math., 49, pp.21-44, 1970.

(14) Crighton, D.G. “Basic principles of aerodynamic noise generation”,
Prog. Aerospace Sci., 16, pp.31-96, 1975.

(5) Inoue, O., Hatakeyama, N., Hosoya, H., Shoji, H., “Direct
Numerical Simulation of Aeolian Tones”, AIAA paper
2001-2132, pp.1-11, 2001.

Copyright © 2011 by JSFM



