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Development of the Exhaust System Radiation Noise Simulation Technology Using Exhaust Pulsation
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ABSTRACT

The purpose of this paper is to propose the simulation
method using Finite Element Model in order to predict
exhaust radiation noise. This newly developed method
predicts the radiation noise in a sound field located away
from the vibrating surface of structure by coupling
calculation between fluid exhaust gas and exhaust parts.
By applying measurement values to boundary conditions,
accurate radiation noise from the exhaust system is
obtained, and the noise causing parts and the mechanism
are clarified. The method enables the investigation of
exhaust radiation noise in an early development stage.
Also, an accuracy of measurement values using in
boundary conditions is improved by introducing
semiconductor pressure sensors with 1-MHz sampling
and a laser Doppler velocimeter. Furthermore, the
existence of a shock wave in an exhaust pulsation is
observed from the measurement results.
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Fig. 1 Exhaust pulsation measurement conditions
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Fig. 2 Pressure of the exhaust pulsation
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Fig. 10 Measured velocity inside of the exhaust pipe
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Fig. 13 Comparison of the pressure within the pipe
(Point-A)

0 1980



gboboboooooboobooboboboooo

A T
1div=5kPa

Measurement

Pressure

\ /
Calculation

0.1 0.11 0.12 0.13 0.14 0.15
Time (sec)

Fig. 14 Comparison of the pressure within the pipe
(Point-B)

33.0000000000040

Fig.15 000 FEOOUOOOOOOOOOOOOO

00o00o00ooooooooooooooooooo
ooooooooog

00o0o00oooooooooooooooooooo
oo0o00oU00ooooOoUooooooOooOooooDOoo
oooooooooooooooooooooooooon
00000000 Frequency Response Function:O O
FRFEOOOOOOOOOO0O000 Fig.16 OO0O

000000ooooooooooooooooooo
oooooooooooooooooooooooooo
000000o0oooooooooooooooooooon
ooooopoooooo

0000000o0oooooooooooooooon
O Fig. 17 OO0OO0OO0OO0OOO0O0OOOOOOOOOOOO
oooooog

0oooo0ooooooooo 1omm OOoOooOoOO
000000oooooooooooooooooooon
O Fig.18 OOOO

Microphone

1001mm Reference (Load)

Response
(Velocity)

Fig. 15 FE model and measurement condition

A

] \
y 1div=20dB/N Calculation

T Nl |

Lo M
/\w

Response velocity

\ |
Measurement

W

0 1000 2000 3000 4000 5000
Frequency (Hz)

Fig. 16 Comparison of surface vibration
on the muffler

External (airborne noise) model

Structure model

Fig. 17 Airborne noise model

Calculation
\

/ Measurement n

I
] 1div=2008/N

Sound pressure level

0 1000 2000 3000 4000 5000
Frequency (Hz)

Fig. 18 The result of the radiation noise level

Fig.160 000000000000 7HzOOOOOOOO

gboboobobobobobooboooooooooon
gboboboboboboobooboooboobobobo
gboboooooobooboboboooooon

gbobobobobooboboobooobooobooooon
gbobobobobooooooooobobobobo
gboboboboboooboooobooobobobobo
gbooboooooooogon

0 1990



Honda R&D

Technical Review

Vol.14 No.2 (October 2002)

O00Fig.160 Fig.1800000000000000
oooooooooooooooooooo rEOODOO
ooooooooooooooobooooooooooo
oooooo

340000000000

gboboboboooobooooboooobooobooobooon
gbobooooooobooboboboboobooobooon
goboboooooooobooooooooobooooooo
gooo

Fig.19 0 FEOOOOOOOOOOOOOOOOOO
go0o0o0o0o0ooO000 Fg.2000D00O

gbobobobooooooooooooboooboooboon
goobooooodg

gbobobobooooboooooooobooobooobooon
gobobobooooogo

N Microphone

100mm

Energy, Density, Velocity
at Mortoring (3000rpm)

Fig. 19 Radiation noise measurement
by the motoring

‘ ’ .

_ , 1div=20dB Cal‘culatlon
g T
E / Measurement
[} A
>
NN Y
s | vv
B v v
>
[}
[ —

0 1000 2000 3000 4000 5000

Frequency (Hz)

Fig. 20 The result of the radiation noise
by the motoring

gooooooo

41. 000000
goooooobooobooooboooooboooooDo
gobooogn 1400HzOOOOOOODODOOOOOOO

gbooboooooooooboobab
Fig.210000000000000O0O PointADDOOO
gooOoCoOoOOoOoOoOQOOOOOOOOOOOO Fg. 220
oood
gboboboboobobooobooboooboooboooboan
gbobooooooboobobooboboboboooog
gooooo
gboboboboooooboooobooboooboooboon
gbobobobooboooboooobooboboboonoo
000 Fig.2300000Fig.2300 PointBOODOOO
O00OOCOOoOoOoOoOoOoD Fg.24a 0000

Point-A

Steady flow

Fig. 21 Inside structure of the simple muffler
120 T
Measurement
> 100
8 |
- |
c
o
& 40 ' I
& Calculation I
20
0
0 1000 2000 3000 4000 5000
Frequency (Hz)

Fig. 22 The result of the surface vibration(Point-A)

Nozzle Point-B Vortex

Direction of flow

Fig. 23 Pressure contour inside of the muffler

20000



gboboboooooboobooboboboooo

A |
m Peak (1 400Hz) 1div=20dB
3 \
> |
S “’/\"h
o A
= Mg w,\
4
o
0 1000 2000 3000 4000 5000

Frequency (Hz)

Fig. 24 Pressure inside of the muffler (Point-B)

goboooobboooboooboboooboboooobog
goboboooooooooobooooooobooboooooon
gooo0ooobo00 1400Hz DODOOOODOOO

gboboboboobooboooobooooooobooobon
0oooooooooooooooooooompes

42. 0000000000000

gbobooboboobooboooobooooooooobon
goboooooooboboooooobboooooobog
000000000 0000OFRg. 250000000000
gbobooooooobobobobobobooboooo
00000 00DO00boOo0oO0Om@PointACDOODODO
00000000000 Fig.26 OO0

Sub muffler

Large expansion chamber

Fig. 25 Expansion chamber inside of the sub muffler

‘ 1 1
1div=5kPa Small expansion chambe{’
A
N
]
2 /
%] %
<
a
gl
\ Large expansion chamber
0.1 0.102 0.104 0.106 0.108 0.11

Time(sec)

Fig. 26 Comparison of pressure at the sub
muffler exit (Point-A)

gooooooobbbboooooooooobooon
ooo

gboboboboobooboooboobooobooboban
000000 0DOO00OD0OO0DO0O0O0bOOO00OOnDOFig.
27000000O0O0O0O0O0O0OD0ODODODOOOOO0O0OFg. 28
goooooogoooo

Fig.280000C0O0O0OO0OOOODOODOOOOOOOOO
gbooboooooooogoon

(f Microphone

100mm

-

b

Sub muffler

Main muffler

Fig. 27 Measurement of radiation noise from the
main muffler

Small expansion chamber

1div=10dB

Large expansion chamber

Sound pressure level

1000 2000 3000 4000 5000 6000
Engine speed (rpm)

Fig. 28 Comparision of radiation noise from the
main muffler

02010



Honda R&D Technical Review

Vol.14 No.2 (October 2002)

gooog

gooooooboooobooooboobooooboooono
gbobooooooboobobooo
oomoooooooooooooooooooooboog
gbobobobobobobobobobooboon
gboboboboboboboboboboboan
gbobobobo wbv obogobooboooobogo
gooo
gbomobooboboob0O0OrRFOOODOODOOOOOOO
gboboooooooboobobobo
gbmooboobobooboobooooobobob FEOO
gboboboboboboboboboobooobogon
gooooo
goboooboobboooboobooobooobooboo

gooogd

oooooooooooooooooooooooon
oooooooooooooOooocoooooooooon
oooooooood

good

o00oo00o0o0oooooooooOoobooooood
0 O 1980, 156p

g00oo00doooooooooooobooooood
000000 FFT OOODODOODOOODOOOO
14 0O O p.45-49 (2001)

0O O ODonea, JO0Arbitary Lagrangian-Eulerian Finite Elements
Methods, Computational Methods in Transient Analysis,
Vol.1, No.10 (1983)

O O OPerie,F.00 Nakagawa,H., Yoshimoto,H.O Sakurai,M.,
Yoshida,N., Fukui,Y.: Prediction of Aeroacoustic Noise
in Exhasust Systems, The 29" FISITA World Automotive
Congress, FO02E150 (2002)

0 O OEndo,M., Iwamoto,J.:Numerical analysis of pulsatile jet
from exhaust pipe, JSAE Review, Vol.20, No.2, p.243-249
(1999)

m000Om

0 2020





