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Abstract: Aiming at the problem that the insertion loss of an automobile exhaust muffler has not been up to standard, a
coupling simulation model of coupling between the engine and the intake and exhaust system is established by
GT-Power software. The acoustic performance and aerodynamic performance of the exhaust muffler are calculated
numerically. The insertion loss and pressure loss are analyzed at an engine speed range between 1 000 and 2 500 rpm.
According to the analysis results, a multi-condition, multi-parameter and multi-objective optimization is conducted to
the muffler structure based on the DOE (Design of Experiment) method. The optimization results indicate that the in-
sertion loss of the optimized muffler is obviously promoted, the aerodynamic performance is satisfactory, and its com-

prehensive performance is significantly improved.
Key words: muffler; insertion loss; pressure loss
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Table 1 Main technical parameters of engine

ZH A S EigIE
SELH 4 5 KHIEE/(N-m) 130
THFEEL 4 T KHAEFE 38 /(r-min) 5200

LRI 1-3-4-2 5 RINHR /AW 75
KRR/ 180 T KR/ (r-min) 6 000
HER/L 1.6 i L 10

38 4 &
A2 HRIT3 O HE
K1 RshpURR
Fig.1 Engine model
N IR SN (PR 1, XTI Re S B
TRZ. Bl 2 N0 EAR R RSB FI T % ih
Zeo WECE 2 AFR 1R, K 2 R RSl ECR
TR R T e K HOR R T 5 36 1 45 H AR 88 R
WELE 5%LAN, FRUTEST ) R SIS B b8 1T
B A E L) L br AR AR

K074

90 __. %fﬁ 1140
BOF e 130
70
60
50F

TR /KW

40
30t
20t
10

0

5000 6 00500
KNP/ (r-min™)

1000 2000 3000 4000

2 REHLD AR dh £

Fig.2 Engine power and torque curve
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Fig.5 Simulation results of muffler’s insertion loss
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Fig.6 Pressure loss of muffler

3 4iMZ2H. 2R, 2T

FH 07 B 43 AT 45 SR, 9 5 2R (W 6 TR AE 1000~
2500 rmin! YEFE KN, K AHBKIZ /DT HARE
2.0x10* Pa, Z=ShIPERER LS, (EIEAR KM,
R IR, PR A LA VERE, EHUOE
FAEHA. FHERFELEAFN SRR EKE
= HIHMRAE BRI SN &, % DOE J7

%, MHFROHESRET 228, 2 Bk,
3.1 WMREIE R ERETN

T Tk 2 ST N TR, AR A SR AN
WA FME AT AR V5, A m il e BT R &
BT, AT R R B 7 RN
2500 rmin! I, ERESEEANEHERFLE
AT s 3458 SR B M 7 R 82 ]

=
[-%
>
X
K
5&(
R
1
(a) S FE 4R SR
100 F
95t s
I LR
90 JARRERRARRNRRY
| PRI
i LR R
w® 80}
tgjﬂ 51
oy LR
65t
60 t
5 5 70 R
T, 0 25 60 1, plmm
é“ffd/mm 2059 \3\,&&4)

(b) XA 75 i
W7 GRS EARR G AL E AN 35 SRR R A5 e 75 i o
Fig.7 Responses of connecting bend diameter and perforation
diameter to pressure loss and tail pipe noise

FH 3 M) S8 T ) 481 5 G FEE T IS R AR AL 45 SR
S Al Sl AR 2yl I ATTHIUE YR e i nla
W, HE BN R AL BB 27 ZE iR 2
1 (R-Squared, R-Sqr B R* )X FE . BIEM
R* (Adjusted R-Squared, Adj R-Sqr)& s A1F )
R? (Q-Squared, Q-Sqr)f&#r™"". F:d1 Adj R-Sqr &
b BB RS, e B A R, [
IR Adj R-Sqr Fahmxd v B [ (400 & i AT U7
firo & 2 AHTHEN 1 000 r-min' F1 2 500
r-min B R M I R R PR 25 R



3

ARG PP H R AR S RE M K itk

275

A 2 WA, ERGE N 1 000 r-min T2 500
rmin’! fFHL T, FBE ML KN Adj R-Sqr
FRPREIRT 0.8 BULIN R Fr-& Hme B IAF] 7
Jir T BORS FEEEK, WIEAT R 8 2 B Rk iit .

2 %A 1000 r-min? F 2 500 r-min’ Bt EEWRERE HiR%k

HiIlAERE

Table 2 Fitting quality of tail pipe noise and pressure loss at
1 000 r'min"' and 2 500 r'min™

. . Adj R-Sqr
38 /(r-min! pr—— e
SRemin) T ik
1 000 0.990 5 9.991
2 500 0.825 4 9.635

32 HAESGEMZEH. SHFMK
TE R FHAOE A PEE 5 o 1) i 2 THT P S L, e
PRI T2 25, £ Btk i iR
PR HAT R AR . IRYE SR PRIEIL, A3
B NN R e /N IR R AR 2.0x10
Pa; 3 1000 r-min B FIALE RECN 0.3, FE#K
2 500 r-min’! B FIRLEE RECH 0.7
H br B ECH
I=min[I(L,d,®)]
ﬂmg¢@<mo
LR &R
(ro<d<ﬂ)

(M

5<@<9

100<<L<700
Hoh, [ RREEWEAB), AP NE IS, d RE
BAEHEAmMM), @ AFHFHRFILER(mm), L
HNREKE(mm). wRIERRECH 100 &, 1E 20
UOEAR G A AT I W oAU SR, BURENMASY 40
A, RARA 10%, K 8538 O AT &S
K AR AT IE R, RS 257 AT
R, B8 NTEHFEREILER. EREEEAM
REKERIERG R, B LEE RS R
R W SRR E R I m S, A R ROR
AR R AR o

KBNS EN 2 R ECN GT-Power H AR
R AT R, A RICCRT . ol e TR R E
IR BTG R, Wil 9 Frow.

FH 9l A, ARG T P8 A AR TE N SR
T HESTE, HAEATE BAME L b, JCHAEFEE 2 500
rmin! F, HAEMH 18 dB 27+ % 32dB, R EZE.
BARARGUE IR R ETHa, Bk
BN FEH PR 2 500 rmin! N, SR IE S
W KAE N 1.3x10* Pa, I{%T HARME 2.0x10 Pa.

BAR 1R it I i) 45 A 7R A M RE AT 2SR )

2)

Jitkfe L REAEE L EoR, HREE K H 200 mm 3
TN 670 mm, K T VHAE AR H A (AT EAERE, &5
MtEReZE . Hk, REEE 8(c), HEEKEIEMRL
BB A 380 mm B4 RiRALE 670
mm, HATE ZRAIEE . AT RIETE R A R R KR
AR, B T FE AR ARV 7S A 5 A SRR 180 mm,
FEKERIN 180 mm, i FH45 R WE 10 s,

10 A7%D, 26— OReSod i BOTHE 7R AR s IR
FABRT T 58— IR A BT B, AR P s i Bl R
BN BRI ARG L ER . FIR, 25 RS T
A IR 3R AR AN, i B EDR

103.94
94.516 »
gé ’ . .'i " . . )
=z 9
B 85.092 i .&.' ¢ ; e g & §i0,
a
i *. 0 ! 'kﬂ "y

i 75.668
I

[ ] [ a1
66.244F
68200758 66 74 82 9.0
EHFARFILES/mm
(a) EIHPA L B AL AR
103.94
94.516 .
m " .... g 0
§85.092- N L
ugg L bﬁ‘f L
fqn 75.668 * b
s " '
66.244| ,
82 : : - -
6820 0 250 300 350 400 45.0
ERLE HS/mm
(b) B EAIE L R
103.94 .
[ ] ¢ " 4
.- ]
94516t " e R |
m L | LI |
o L] [ ]
ﬁﬁiwr,'..“ . b.&u
gﬁ L ]
4 75.668
[0 () - n
66.244
[ ]
82 : - - -
36820500 2200 340.0 4600 5800 700.0
REKE/mm

(c) REKEIERLER
K8 SRt

Fig.8 Optimization results of structural parameters
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