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Predictive Simulation of Flow-induced Noise using CFD
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A method of predictive simulation of flow-induced
noise using computational fluid dynamics has been
developed. In order to simulate flow-induced noise,
it is necessary to compute detailed vortex flows and
density change of air. This paper introduces the
existence of flow-induced noise predicted by unsteady
compressible flow calculations using large vortex
simulation, a type of turbulence model. The target
flow-induced noise for prediction was narrow-band
noise, also known as whistling noise, a type of noise
in which sound increases at specific frequencies. With
the exhaust pipe, including the complex shape of the
silencer, as the subject of predictive simulation of
flow-induced noise, predictive accuracy was verified
by simulating the measurement conditions of steady-
state flow. The developed method makes it possible to
judge whether narrow-band noise will be generated or
not, and to identify the position of the sound source.
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Fig. 1 Classification of flow noise
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Fig. 4 Noise measurement result
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Fig. 6 Cavity tone calculation results
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Fig. 8 Pressure fluctuation comparison

Fig. 9 Entire exhaust pipe

W, G BRI B B F v v SR A BRI IR 2 & 1R
SEU 7=, WS SR & Fig. 10 128§, TS S ERIC I
IS TERE 2L — PRI S WRR SR L T B,
TORAHE TR S BN E RAENOEENE N T & 2
DT A MERN S PHIND 720, KR TIEIRE$XT
Ay v a2 TETFMLL 7=,

SN E OIERE A BB L W2 LT, B2 & Pexss
DOIIRHNDAE LIz, HDY I 2L —¥ 3 VIFPERETHED
ERR L BIIR B £ COERO OO ENE NS 5. HiF
DOARIZ FRL L7 LES & W72 EMHPEIEE i 35 h 6 5
INHRET & 2. (AFRIZWAREI G U < I3 FEEt R o+
BHUN DD, ARIIEEEZR L e, HFOMEEH
I EVOTHEREOMSMEILRATE A< E->TL
F9. La L, Soirsiss o Em B EEoFE & 254
BE—20ENPLHEAGETH S MWL 7= 72, EF
AEWEHETEHNTA-01013, RESOMELEZ, ¥
A — PLDREFIEZEM BN EE k5. AR ERL 728
12, HHOWELZ 1525 20 0425 4 9 ¥ a vk
5. RIZY I 2 v —¥ 3 VORREKENE % 5000 Hz &
L7234, HREIE 68 mm &40, KRS E L X v > 29
A 2345 mm P TFTH 5. A — bPLOZERAE 4.5 mm
DIFCHbL T & Xy v a BRI KIZ R D, A
fMgEmsoTLES. TDOZEhb, EFKIIEEETIC
P iRkES 5 2 HE§ % 2 & TR AN A X 5 72,

3.6. StE M

LES DRI 3 HmNBE A v ¥ 2 BRI ICIR(FT 5.
P O R EA A T 57291213, ThEeadikd
AL D B E A D Z ENTEBRIED A v ¥ 2% 4
ZHMMEEL A B, Fig. 11 13— BRI 2 W D i & 7502
AN~ Vi EER T 2 FE LES THE LR TH
3. MEOREZR & OWEI N U T4 22 M5 1= T
T A3 2k > T3 720, RHEIZIEA A OEK % &
HTE TR, EHOMROEE FBIIZRAE L T3k
DAMERR T % 5. B 22 MG 1RGO W R
MRS (XhOBEICIEMHEOERE) ITIKET 57289, #
W5 2 &0 U] e Z2 RSS2 DN D 5.

Inner view of silencer

Fig. 10

— 152 —



CFDICL2EAmEFRAL I 2L—Ya >

3.7. BXEFH v b EIVEDER

PEXAE N OB 2 K5 L < §HRT 5720121354 7%
IS = RPNz T X & Ay v 2 JBIRIZT
FHTIMENDH L. ZOXI BBRIZRHLT, vy bk
IFEIE A 5 ¥ 2R Ay ¥ a9 A ZHEOES 7T
%<, BRMIZ T 2RO SIS 50T & B
% % (Fig. 12).

R 72 2 3 o A A V3 Bl 0D 3 M 25 AR D A
Ay YahA XEMPLTEIEAETREE TS0, Ay
v a2 BOHRIC K ARG A TREE 5 5. F 72, [F
CH A ZOMER X v ¥ 2 12T, BB I LD ERK
ENBANMEERA Y > 21F, KOEROZERZE S EEHT 5
ZENTED20, BIMEILBANA 52 Z &N TE, R
BIENZEHERHE L SHET 22350 TH 5.

Velocity magnitude [m/s]

20 40 60 80 100 120 140

Gauge pressure [Pa]
-12000-9000 -6000 -3000 0O 3000

Fig. 11 Cylinder flow calculation results

Fig. 12  Cut-cell mesh
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Table 2 Peak frequency comparison
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Fig. 20 Static pressure of silencer section
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