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ABSTRACT

The performance of muffler can be improved for a frequency range of interest by moving inlet
and outlet locations. And optimal location of inlet and outlet can be determined to improve the
acoustic performance. The optimum design using FEM, however, may take a very long time and
be very hard to take inlet and outlet locations as design variables. In this paper, the acoustic
performance of reactive type single expansion chamber muffler is predicted using higher order
mode theory. The sensitivity analysis of transmission loss with respect to the location of inlet and
outlet is suggested. And the acoustic power transmission coefficient for a frequency of interest is
used as cbst function. Optimum location of inlet and outlet is determined to minimize cost

function by using SUMT algorithm.
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Fig. 1 An expansion chamber muffler with section details
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Fig. 2 Transmission loss of an expansion chamber
muffler of Fig. 1
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Table 1 Optimized inlet and outlet locations

Initial location Optimized location
[meter] [meter]
Xin 0.0 0.0849
Yin 0.0 0.0828
X out 0.0 0.0325
Y out 0.0 0.0327

Inlet location Outlet location

Fig. 3 Locations of initial(-+«++++-+ ) and optimized
(—-——) inlet and outlet ducts
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Fig. 4 Comparison of cost function between
centered and optimized muffler by higher
order mode theory
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Fig. 5 Comparison of transmission loss between
centered and optimized muffler by higher
order mode theory

E
50 4
===~ centered muffier
e optimized muffier
40
4
b
" .
i !
31 i i
" \
8 -". :
| i
20 At h
‘' 1 i
" ] :l
ERan N 4 \ "
. H
10 \ i ;
g ‘
'
‘ ;
N
\ 7
0 L v L] l“ T = 1
0 500 1000 1500 2000 2500
frequency(Hz)

Fig. 6 Comparison of transmission loss between
centered and optimized muffler by FEM



ALY B $FaSV1e AFRYe AR 9 & AAS] HHAA
. L, L, L,
5@ o1
4@ 30 2@
y
L Z
AN inlet duct Y’midduct T’outlet duct
Thlles| SR o] KR
..........
: bg . D5 ;b5
L Y bA bd b9
Fig. 7 An expansion chamber muffler with section details
L2=0.3 m, L3=02 m, L4 =0.220 m
[ b2=b4=3b1=3b3=3b5=0.18m
h2=h4=3h|=3h3=3h5=0.18 m .
109 - contersd mufec \ i
.......................... e optimized muther .'.:' !
084 i bl
- 0.8 é
< 1 i
< . oo
Fig. 8 Locations of initial(+-=-+) and optimized °""U a TR
(———) inlet, mid and outlet ducts : B
0.2+ it ;.5 :.: v
N9 Q- @77 EAS AL Ao A W B AR NU\ e Ll‘--’
YT %L 7557°0R 5w HHAMAR ol F o 500 1000 1600 2000
frequency(Hz)

H Q.27 AN A% BAYS Qe 18040
Fig. 491 #5484 2% 9 927 "= 944
o e 7 For BAYE AT UBINL,
Fig. 591 A547A A% A444 £ 9-27 ¢
E9 Xl g TAZEE THY £AEY A%
e JENUT, Fig 691 HF4A W3 FA4A
%9 427 HES AA Wt FRLLsyol
9% FHEAL YA ARUAZ 78 o -
279 937 4277 B0 WAL 9 my
Fhed 450 WA F9¢ B 4 A

oee Fig 73 & 2@ 28719 A%l ga

Fig. 9 Comparison of cost function between centered
and optimized muffler

o 0~2,500 Hzoll Nl EAFS4E Hisdsie HFHA
AE TPt dAHSFE A+ HEY FHAR
(X ¥in), 52 YES FHBAE(xpig Vi) S &
T HE FAHARE(Low You) 22 6HE HASHA
o #Asd Y- -EFHES FPHEY HAE=
Table 29 Fig. 83 7t} Figgdl HHAA Ax %
o Yd-&EF YE AXd i z Fo$o 23

HRLSTESSYEX/A 9 A A 4 F, 19998/ 743



4

2z -4

AN

Table 2 Optimized inlet, mid-pipe and outlet locations

Initial location Optimized location
[meter] [meter]
Xin 0.0 0.0767
Vin 0.0 0.0925
X mid 0.0 0.1003
Ymid 0.0 0.1194
X out 0.0 0.0344
Yout 0.0 0.1318
- - - - contared muffier
——— optimized muffier
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Fig. 10 Comparison of transmission loss between
centered and optimized muffler by higher
order mode theory
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Fig. 11 Comparison of transmission loss between
centered and optimized muffler by FEM
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