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Acoustic Analysis and Design of Exhaust Mufflers :
I. Operating Principles Associated with Structures
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Table 1

Basic considerations for muffler design

View point

Design Target

Discharge Noise

Engine Power

Fuel Economy and Price
Avallable Space

Price

Durability
Manufacturability
Installation / Manufacturing
Safety and Durability
Noise Quality

Aesthetic Shape

Minimum noise level
Maximumn engine pertormance
Minimum weight

Minimum size

Minimum cost

Long life

Manufacturing ease
Convenlent shape

Minimum temperature and gradient
Good tonal quality

Attractive appearance

&R (Silencing System)t AFF FRATRF B
QAo nE AL, 7189 T %A dA®%
oop slem, %, Z7(FH) T= 2&E4
233 BEEE A7 doiA, 1A =3 E
BEAFAE BE oA 2XSL AP H
obgl e ATt £5 AT A&7 AA
Ae o]HF Je/A Atk =2AFe] €45 2
grotali, ® O FHogA ole T AFT
BEo E4L AT o433, 7 A 27
BaEE 4% d4A9 EXRE BF v
24 F YEE xHE T]Eoof gt
2871 (FE) [FHE wet ZA 55k, Fig
16] 4 B 2= 9 o], a4 (Reactive F=+, Reflec-
tive), 784:% (Dissipative T, Resistive : E=,
W8, Absorptive), SHAF B 44 3 (Reactive-Re-
sistive) 287 B2 ESE vhAME 2E7]E
228 (Noise Source ; Power Plant ; Engine) ol 41
HE T dUAE 2RFY BdLdAM E
28 dfdA RES (Inpedance Mismatch) ol
93, 21 YR uiFE U Foz Pl
AX &g ZAE A Y994 wt I M
##5 (Stop Band) o] A& vk Fig2el fo®=
BRAGS 4EF o7t 2oAD U o[HT
259 227% A% AL 72 EFH
dEgs ddd e, ofF we Fis d
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Reacrive
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ey

Fig.1 Three types of conventional acoustic fil-
ters.
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e 23



Pipe 1
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Junction for Impedance Mismarch

Fig.2 Impedance mismatch due to area discon-
tinuities.

High Pass
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Fig.3 Various types of filters and analogous si-
lencer elements.
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helicopter.
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Fig.8 Evolution of design and selecting metho-
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Fig.9 ' Typical automotive exhaust system layout.

BEE TG/ Vol 16, No.4 1994/41

2 whe] thg AT} BEE AAso)w o
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Fig.10 Part names of automotive exhaust syse-
tem.
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Component Preferred Title Variation of Preferred Title
A—-1 Exhaust Pipe Inlet Pipe
A-2 Y Pipe Exhaust Pipe
A—3 H Pipe Exhaust Pipe
B Crossover Plate
C Intermediate Pipe Extension Pipe
D Muffler
E Resonator
F Tailpipe Kick-up Pipe
G Bracket
H Flange
] Spherical Connection Ball Joint
K Flat Flange Joint Welded Flange
L Slip Joint
M Clamp
N Locating Joints Indexing Joint
N—1 Locating Notches
N—-2 Locating Tabs
P Hanger Supports
Q Outlet Extension Bright Outlet

Fig.11 Nomenciature for automotive exhaust system parts based on SAE J97.




Type) &5718 2A Hol o8 2 wjqd AelA
298 A FE de€ #A "t

2.2 Hi7|Ale| BE

Figl0el & vl 7141 2] jE23Q 248 534 2
Feirt A3 3t} Figlld SAE Jo7el &%
ZRge] dvtEq HA 2 AAE BAFEGW

7] U ESA ZHA AL 2 71HFS A
W (Front Pipe) 2 T3 F AR 2&7(Ee
FE7D fdEh 2ol w7zt #3)
RS A7 A8 A S S ¥
7] (Catalytic Converter) & 42 X847 ), o]
=2 #de # Hgo] YHEE B33t tv|2
WEEHE AL 7] Al o] FReE EY N
3, Zu HBV|E FH3e =P &L #
ole) A B EdAL£He o]F 38 ukAle]
o A2LSAHRE 4% dojubA BT AX
af7le BREA gE AF= dev, g
FR A57NA 2aFg HE Y 25 ATE IS
F gE A TN UG A 2] FA
A& w, FA gV LFFTF o)A F
& v dee &, = AR 4227 ofFdA
ol N e LAEWAEE FoluAl & uf &olF
vt #3A) 25719 3w $92(Center Pipe)
o2 4457, o= oAl FFF(Kickup Pipe) =}
AdF e, LR FEASDY TEE A
37] ¢ FERZ o Ut o] #ex= el
50 o) IR WEst A7 A HBrz &
2ol SNALE prE Y, E3EL oA FF
&7 (Rear Muffler) 2 ©lo] Avd thiEe
ad AHE o] REAA olFo A} FA &
2719 &7E Nay ge ol ZE mE
(Tail Pipe) 2 /2 ==d), wl7) 229 HFFH<q
Tuning® #8e] S#/E AME371E Sk}, 97
EESSE o] ne 49 FyolA 272 WAL
He £25% 9#E =0

2.3 £87|9 £&P

Fig12% 3% 7] (Resonator &= Front Muffler)
9 &I BAE RAE(SAE ] 262). Figl3&
&% 7] (Muffler == Rear Muffler)&] &#4¢
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B3 BAECH(SAE ] 26D,

o] E& TASE 71® 84EY HAd da
de BEY A3 dFHEE dEs A
Lide 8

24 0B RE

@ NFRAN ERHE 288 HFH
2 FolAV, 2 e A 7] A3 Stack
Silencer, ¢} 7] #(Fish Tail) 5% AH&8le=d &
I g BEHEE 2 Uth

24.1 Stack silencer(Figl14)

7 /73 Bol(Filter Length)E 713 #34
1 A Fow FT(Packing % 3he] uj7
289 LFI4: HEE HAFHOE Foled
F&8H, B3 fAd o3 T 2F
ZolA Bt} 1 FH A4 £l 4, 2%}
Haz =, 1< o Hae] s A 7]
o ZFo] gict,

242 1) (Fish TaiD™

Figl59} Ze] w#& AF¥E s =4 3
eBlg fish w@il(BRRE)elztn sted, Mo
FEhe) ekl il A kel dWAESL
7A8A Hol, 4 REOE WAEE ASE 1
Hdo) YA A B} E 7l&rze WAdeR
A WAL AuA27) et Fobst, AT g
M ago] I TAEE Frk

=

3. dhAtE RFe2| HE el 28

WA AF718 e VI8 aLEANE
Plain Straight Pipe, Sudden Expansion/Contraction,
Helmholtz Resonator, Side-Branch Resonator, Qui-
ncke Tube, Perforated Tube, Resilient Membrane,
------ €°] Yk Figleel o] Fo] B o] 73]
B Qeh5 9 o)y 42k JE a4
E€ 283t o532 712 Module241€ Simple

.Expansion Chamber, Simple Expansion Chamber

with Extended Inlet and/or Qutlet, Perforated Re-
sonator, -+ %ol Atk Figl7dl ol & 27HA
PEX Moduled EogF3 gltl
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NLET LINE {ANNULAR THROAT TUNER)
(BUSHING) /A (OPTIONAL) (ANNULUS TUNER)
gFI’CI’LE) SHELL 7
i V
gPIPE) (REFERENCE r QUTER WRAP (OPTIONAL)
ASBESTOS (COVER)
(QPTIONAL) (WRAPPER)
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TURN AROUND (FRON
ROV N __  rmow e TURYAROUND (REAR
(END CHAMBER) — g&ggggﬁ;;“ {END CHAMBER)
VERSING CHAMBER! REVERS -
(RE ) BI.FLOW SECTION) (REVERSING CHAMBER)
TUNING CHAMBER SINGLE FLOW SECTION] ~~—TUNING CHAMBER (REAR)
(RESONATING CHAMBER) et — (RESONATING CHAMBER)
R Sl P |
F e
- i ARG AAAAINAND L QUTLET
e e U T |l 7 ®usaNG
(BUSHING Vi AnAlnan i ] (NECIO,
(NECK) Tt L L S S CEn
(NTPPLE) i i = v=aki
(PIPE) | | “EFRAnaArkapARn [
HEAD (INLED l'»:' T arnraanqabolannn I--—-—HEAD(OUTLED
AD ( - ‘ : (ENDCAP)
(ENDCAR) A\ IRELE] .
T
HEAD PLATE J INLET TUBE | RETURN TUBE "
(SHOE SOLE) {LOUVER TUBE) (LOUVERTUBE) = “SHELL o RaP)
CAL (PASSAGE TUBE) (PASSAGETUBE) % | WRA
TUNING TUBE (TYPICALH (FLOW TUBE) (FLOW TUEE) \
(TUNING THROAT) oumerTupe | HIGHIREQUENCY TURE
BAFFLE (TYPICAL) J (PINCH CAN) L
(PARTITION) (LOUVER TUBE), (BEAN CAN) N o LINER (OPTIONAL)

(PASSAGE TUBE) (SPLIT CAN)
(FLOW TUBE) (COVER TUBE)
(SPIT CHAMBER) ]
SHELL (REFERENCE) (CU(;\%?R‘)NRAP (OFTIONAL)
S -aad
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(QUTER SHELL)

Fig.13 Nomenclature for muffler parts based on SAE J261.

Tail Pipe

Tail Pipe

Perforated Pipe Section Sound Absorbing

Fish Tail
Packing Materizl !

Sound Radiation [Pattern

Fig.14 Stack silencer applied at the end of tail- (Directivity)

pipe. ‘ Fig.15 Figh tail and its effect on noise radiation.



a. Straight Pipe

b. Sudden Expansion

c.Sudden Contraction

d. Extended Iniet

e._Extended Cutlet

f. Side-branch Resonator

a0 g. Perforated Resonator

h. Helmholtz Resonator

ota | % i. Plug

j. Reversal Expansion
or Contraction

U k. Herschel-CQuincke Tube

Fig.16 Basic elements of reactive silencers.
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3.1 Straight Pipe(® 24%)

¥ aie dFdA wEHe 2 Y99
7t E AT X9 AE Ad sl glolA
AMESE HE 7IEAQ] adEM, 2gA 9] o
FES ol&vh, dutdoz A ol uwl)
FEHE £59 F0F F4o] Y7 T3 #
date] EEtAn, gEEol A L DA E &Y
T ATh &, FolA Y g e g1, ©x
Fohr ST #EH Ao 47 g £ gl
(Fig18)

3.2 Simple Expansion Chamber(BE#l JREHRZ
=270

7 2 P97 F9 ¥ 9992 RAYL
o] &3t YPAIE FAE FRELE WA AA
AE AgFe] EHS 94 g€ F, A o=
WEE I pFAAM, p TES A3 S22 p
DEFE 22719 T 22 AgEoh(Figly)
A Q) 74 Eas e Holrt fut e
I Agd) g #gFdle FoA HA
=3, Ael7k M4 R 2 e BEEQ, 3, 5,
YARIIER Yol ez FoqoX Hue ZHE
e GA gk o) A, AT FE o - 579
A e WAL 29 F £2 98 AR
Ak v, o) A Zol7 o= ) ERe] 043
Huh #opAA HE Y thgo] d¥E= £X
878 4% ZA "Bk

3.3 Side-Branch Resonator({8lt% Fti82%)

Fig200)| A Eo|& vls} o], §&o] T4 gla
IEe dy e FAM2 F (resonance) ol
A&, B9 Wolrt FR A 140 H& S3to
k4o ## (CanceD ©rh. wheba, ol gt Hejs
t}E2 #9]EA, Quarter-Wavelength Tubedtal =
et F, 13949 NS 9A B
o, 2] =% €9 (Rigid End-Plate) sl A= 371
RFe) EEZF To) S, B JF ZAHNNE
i dd =7 34 9ok &, #ell QAEE
NG FoFe] AR TR HET 9
el 180°%E ETA Hol, M2 ERHEER
27 FAEt(Figl) ©l8§ =2 FH719
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Fig.21 Destructive interference.

Simple Expansion Chamber
l | ‘with Exiended Inlet and Ourlet /'__

Simple Expansion Chamber L

I with Perforarions

Fig.22 Extended tube as a side-branch resona-

-_J—-m——_ Simple Expansion Chamber tor.
| Combined with Helmholtz Resonator
r )
. Volume, V Cavity
Fig.17 Typical reactive silencer modules. )/
Area, S5
Z Neck
Length. L H/
> > ‘ \
—_j__— e Resistive Element, R
Fig.18 Straight pipe element. Fig.23 Helmholtz resonator.
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Fig.19 Wave action inside simple expansion
chamber. Fig.24 Herschel-Quincke tube.
L — e ——
i —_—

Fig-20 Quarter-wavelength tube. Fig.25 Perforated resonator.



AL Fig22d] Heolx vle} &2 JEE¥ (Exten-
ded Tube)9] A% 22 A EAM AEEr)
Z WA YR Z EHEH B (Main Pipe) &
dd45o A dFEH A (Outer Jacke)
Ateld] EA|&He BH FZH(Annular Cavity)©]
shte] EAFW7I7 HolA, 2 Aolr} o=
Foh2] M4l e ol 94 Kige) g

&g ZAHE d& F Yow
3.4 Helmholtz resonator(HEEX~ ZH7|)

Fig234l 2.oli= ufel o], I 79l £ 8A&
olF= B WY AAo] ML T =Y (Sp-
fng 242, F8H 2L A28 E(Neck BE
Throat) F91¢l #4 #EA 2 54 d==
ffion EE&(Added Mass) o] &2 2~ (Inertial Ele-
ment) 2, 5 ¢re] ¥tk ulge] IEH 22 (Resis-
tive Element) 2 #83+ 1HHE(1 Degree of
Freedom)2l Z1A% Eo 7412t #1{l(Analo-
gous) 3t} o] 1A-f-2A 8 ER REHEHA A2
e Tl f730] 9AE 29 94T 180CwE
=4 Hel, F2 AFay oM dfj & F
gt Fo] zZa, gage] & dRL Gt

dojbA At
3.5 Herschel-Quincke Tube(EFH ZH)

o= Fig24oll A e} o] mH&e] Ay ke F
FEos UrolA A5 @ige] Ag Zola
ztolg WS, I ol o] Ao)e] gufo) FFH=
BZ& 7 Fo4e 9 F fHe] M=z
The AAA AR §4Fe] 180°%HE Ao)7t
WA HEZ, %A F#(Destructive Interfere-
nce)oll 23} 42 de}, ek A7 F kol A
WS- FAT FHF] E FAE dige] A7)
gt &, G FO4E Pl 2 Qfactor?t WS
< 4 tge] A7,

3.6 FIE SYI|(Perforated Resonator)

Helmholtz %717} 2 3574 (Lumped Pa-
rameter) £ S 4 ¥ AFH g 2
TH™M I §ge] g AT v Fig,
oM 2 FETY FHI = FR b FL
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EEDE tdol A AME-E ek AF B9
Resistive2} Reactive A #°] 25 @A HIL 3
Gol wreh Watelof s #F (Distributed) Al 2
2B B} o] FHL 1 MFEe g wee
FHe ddse o8 RESEE THIIEA
#Zgata, FEol £& dele FHE 32+
A9 WYL IEFEFA vEY Fag T2 5
AL de WAY 287V G0l e A
£2-718} 2A &= Perforated BridgeZ24 &%
gt

g W T

3.7 WHE 2871(Flow-Reversing Cham-

ber)

Fig26l Al & 4 %ol 44 L8 3% sl
AW PR 180° P} 2N WS B o8
A% L 4 g BAE 2 249 4F
gt £4 3719 A0 € 99 FH= Q
shel 28 FHUE AAT AAY HEE ETE
270 de @l Uk

3.8 0PN} U= ST (Perforated Pipe With
Plug)

o] TS A 2] BEe] v (Plug) ol
os) #ge THE FHAem I Ay ko]
Tl A PR WMo 2 WL on dl)
olxel = 7, 79 FAdAMY KA RE
wlel R e Y Hmx 2= B
WH 5o o3 A% 247t ddoh(Figen)

3.9 Bell Mouth, Conical Section, Perforated
Bridge &

Fig28, 29, 302] 1M J&AE = de vt
o) o] & L5 A5 1A 9 iR (Streamline) ©]
SHBP AFE 7HAA B (Vortex) B A E(Jet)
Mo 9% BUETE (Shear Layer)olAe] ¥
E4E AR, B8 1Y AF T2 L RED
BLIE(Turbulence). 5o 2§ =k 239 (Secon-
dary Sound : Flow-Generated Self-Noise)2] 43
& gAjdhs Aol EHelth o] 5 F Bell-Mouth,
Conical Section® % 3 7t(Backing Cavity) S
E#er = shed), oluls BHE AAM FHI
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Fig.26 Flow reversing chamber with extended
inlet,
Pl ] k% } .
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Fig.27 Perforated pipe with plug.
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Fig.28 Bell mouth section.
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Fig.29 Conical diffuser as a Bessel connector.

Fig.30 Perforated bridge for extended inlet/ou-
tlet.
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Fig.31 Perforated screen as a one dimensional
barrier.
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Fig.32 Perforated screen as a multiple resona-
tor.
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Fig.33 Pressure release chamber as a mechani-
cal resonator.
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Fig.34 Four basic configurations of reactive si-
lencers. (a) Through-flow, (b) offset

(staggered), (¢) flow-reversal, (d) side-
flow types.




FUoZ o] RN FH7IZ A EREE 37
% #r}, Perforated Bridge's AH-& =324 9479
UA-g A 5, oY FetE BAEE, o] Pe-
rforated Bridged] 4 HiEsE BAgle) e
715 Heje % 28 Z FEE AY IR
M, Y7 (nlet) 9t &7 (Outlet) & bz
A7 ez X T2 A (Structural Rigidity)
£ B3 WTAHE FA7 T, HTEE F
FREHSHE ) Q¥ FNEHQ WA BEke
37

Perforated Bridge$} Perforated ¥ %719 454
= 38 (Perforation Ratio . (358 &4 ©H)
J(@EE RE mEstE ¥ AA BHEE)) o)
20% Ll kY H, Perforated Bridge® 3+F3ch®

3.10 MMEZH Perforated Screen)

# 9 HE 330 2 Fig1s #o] 71
FY AL A4ty 258 ARIE Bt
gtk o] o, #hileg) BEL 7Y RYE At
HA 2dlge] &4 2 =1, oo et &
29 Azte] A7)A €}k &, A4 wel Fig32
o} gro] #e) =¥ K9 ATEC AFTHE A4
37\ &, o] ol £E2 Helmholtz Re-
sonator’t S1E HAozA dHE 4 gk

311 %9 Y 7|(Pressure Release Cha-
mber)

- & AFa RkE dHAE BEA77 9
8] Figldsd# B2 L% (Rubber Membrane :
Snubber), =23 F9] iRkE) S42HN AE T
A%, 48 Agde v FET P,
% a4 5 F A= FEH 9 (LB
RIES A& iEk=d 25 #Waye] #A HAY,
G 45 Vg 5 A He 5o it

A AHEE T e g7 Fig 2 355
Zol AAWHAZ 5T+ A= 97T R 279
Bl 73 238 7R Aok O BERY
(Through-Flow Type : Straight-Through Type),
@ A8 (Offset  Inlet/Outlet Type © Staggered
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Type), @ %7 8 (Reversed-Flow Type : Flow-Re-
versal Type), @ % 3 (Side-Flow Type : End-In
/Side-Out Type . Side-In/End-Out Type). == T
A el O# @49 ¥ Aoz RV
o, AEF ¥ vl L& EHENEY 5
g ARV, A7 &7 A2 & Bl BY
(Line-of-Sight) ©] 7] v £oll, Ax-2-7+3] ¢ SR A]
B e FYrd TFE Be¥e R
o) el F71983 JE 2A Hol ¢y
Zystel |AE AR 9 A F2, A+
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A Ade 298 28 ] st AL
(Concentric) 8] HEHY Hrl 8 ZoF £k
At 4RH 287 gutzoem FER ¥4
2ol 34 £& 22 Fd $EE Hojn, 53
AFog G Lg #FA7F Hojurh 2
#u}, o] F Fele F4 & uit-E FEadHA
Hez dF Ad 93 vIA @G x ¥
58 447 2579 A5 AAA HA A
2ol B#iel B4 7 41, o] Afel &
&7 2 2ET B 7] Jacket) ] 47Zo] ¥
FAY FE 24 2ol 2E do] FF 3lAA
2 & Ho) Urk EFYL ¥ L 7Y
FEZ VYT HYYY SN AT AT,
AT R &79) #%F ARl e} Q3 (Exten-
ded Tube) ¥ &) @& BAF L5719 22 #R
(EAY 337 E)E 7Y, N HE&EHE
Edou} YWt A7) 7NN Foiz] FIte] T
Bl Y 3¢ R 4% 7] &= (Mani-
fold) st B A1F7F slojok & fX]e] ko] A
g0z A ge Ao 24 Hrh
Hoe AL7)E )P ZE P 2F7] 4
(Module) & ## E&%4, &5 HE#H 2 B
mgEs: 20-¢ WFEAF7] A8 AR 3
o}
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