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Acoustic Characteristics of Mufflers ‘with an Extended Inlet and Outlet

Jun-Shin Lee’, Yeon-Whan Kim® , Tae-Ryong Kim" , Jeong-Guon h"”
ABSTRACT

Cylindrical chamber silencers with an extended inlet and outlet are widely used to reduce the propagated noisc in
ducts in many application fields. In this study, an acoustic analysis is carried out for concentric extended pipes inserted
into a simple expansion chamber. An algebraic equation is derived by using the eigenfunction expansion and
orthogonality principle. Using this analytical method, transmission losses are predicted for several configurations of the

concentric extended systems.

1. A & dolo] waol siFste Fug IdelA 2 (14
g 24 He o, 3 ST¥HTE Yyt

Az dogojrye] agrie]  #HATIE & exE HEdtn AU

A8 gwie] HgAzA @ olg} T& olgg & FH3I A HAax

slech.z e 93 S @49 ALrie g # 4] ( boundary element method ) (& f3FR A4

m

lu &Fol ZlQeh wWekd, 287) Al gl (finite clement method ) Fe} FAMA Fuie] AL
oM 712AY A AFA B QAT g,  FHel ARBOL o] FUSTE, AWAA 2Ye) &
gol, A8 2 FAwe ANFIH e slsey 700 Agel bs 3}11‘&, AR 5 od7lA

Wrgoletm ¢ 4 AcHI4L HAZ ol AH8E  gxo) sutac. 3o, Abome RE d3 W]
€ AdEuy A7) o 20% ol AFEE gl7) ojgate AP i FFTo] HYW Ao

T«

pk
rir

FIL (perforated bridge )2 YETE ABS =2 EEdol e 2449 2870 U@ A4
e gddrt gk ojEe &Iy E4HL AIFHE s8]l B¥W  AE.287  (vibro-acouslic
g YEFVT Eold ARy 2EVE TFH system)oll thalad, Dowell B[91& AAR A%
2 ek A98g 2 EYdo] dFE AL, Y yreAgne AMAAE Z ¥de TS E o]
stal Mt E, 53] 9% SFOBRE W)
v RRAEATY = AAR A% W] A7E uR Yol 1
I S A2 Tk B AFoIME Dowell o) WS

- 536 -



¥ EHARLE ool Axyoz #PYsg
[10] dgge] IFe 27 ZHol EAse 287
°of Hgslgion, 2 We W g 2879
e -Ri S

Ealo
ﬂéa

2. %4 ¥3

Neumann ZAAZHE UEFSE Green 9 3

€ AHgste A e, dele] Fao did Mysg

g @A b 2ol @ €2l Rayleigh A
gAY es 599 4 Aol
p(r)==ikpe [ u(r,)G(r|r,)S,. (1)

A7 pE B4 ut YNEE, o= 84 kE ot
S pe oo AE, s+ WA, ol At b A
A& VERTE Green @ 5 G(rir)E HSYo|
FUUE rol A W ASHE ro)] £ 8
ok,
S48 £4 YARA PeHEET muss
Mlel Edoz Urelxw, 4 ()= 2ud
RWE olgstel e ol ERY 4 Ytk
pr) = Z I ~ ikpeu(r, YG(r | S, @
A71A, ol A j & Uireld EHas
c}.

Zt AAEANN Hoj® &7 YLEE =
= g5 E o] g8l EE3Y ofeu 7o)

g ov@

1)(’,)=2P,~¢’~('/)’ ”(’f)zi“wd)"(’/‘)' ®
ol 714, el o B LS
2 Q& Eo] Ui REAs AL L}E}H]fﬁ,j‘ﬂ&ll
xAA AHolg REgE @ (r)E e 99

] nfA 3¢t

P,

214 (Orthonomality)& %HEghr),

form=n,

1
8, = I @, (r)®,(r,)dS, = {0 @

form#=n.
4 & @ WAz 4 @9 29 HYaye
o[g8tq REAF p, & FEE th& gk

7 Mz

i(r,).,. u,, )

~

o 7] 4
Ty = =ik | _[ @, (r,)P,(r))G(r, | 1,)dS,dS,. (6)
Ty & j9A AARD] mus) gotmcs)
HAl FARRAL s QJALERE Alo]o]
BAAFoIh A (58 BN 0T A agwl
e ohe3} ek

P, pcz U, for j=12,.,N, (M

714 P e jds EWe SRS Wi, U i:

WA B Yz} SErE WE, T,< j'uisl 4
ARAe GReor s AAERA 9x 2
EREEE SAlgHolr}. deEd, P

WE pol a¥A @, a3 (1), E

Alel g

7

T,°l mAs 43 s o] gte o sic),
3. 287 sAde FH&
Rigid
Gytinderical enclogure Surface Bor 8
Surfaccdor 4’ \ Surface , Surface 0
N N '/
N 77 /
= (=3 -
{Regiona): (Rxglonb) (Regionc)
oo T
Lob L U
Fig.1 =771 94349 $43 287

- 537 -



2 dpdNE Aol de deddY &
&7 Fol 9 2 Dol AFF 287
Bz 250 A NE FH2=2 wAH e
Pejoll NP 4 Pk 9 R &9 dWEL
Aoy =& FHol AAetn M, w.,w, 2
g w, v 838, d8d R
7tz Yepe, & g3#e Yolg PN
G339 93 JEd 9@ Fdo] FAULE oF
oA £4& #iMo] LolatA Y g b} cE Y
¥uol, ojg9 dol& A 1,,9% L2 EHIE
gl WESHL 4% AXAZ 285H= F A9

oz Uy, g EUg ®¥3 /, 9¥d A
HolA YT EAL AT ™o ol Jg9

FYde WMAES

AARel &shorkel Wet BW 4 EE 42 aw,

e wyez 299 ¥W 0 2 B B At

39 abolXE EW 4'BE ANAY ZE 73

Ado] Zalolmg & (g °18F 3o AL
oh& 3 ok

Py =—pcTU,. (82)

P, =—pcT,, U, . (8b)

kel o4 polME EUL 0 AL BE AT B

£ guo] ZAlolng, A 19 OcA 9 &5 ¥

HE fE37 8 o 22 PP Ho] Bos)

A ad:

P,=pc(T U, +T U, +T, U, +T,U,), (%)

P, = pelTyU, + T, U, +T,U, +TpU,),  (9B)

P, =pc(T, U, +T, U, +T,U, +T,U,). (9¢)

P,=p(T, U, +T U, +T, U, +T,U,). (9d)

2 (8)-(9)E Heldd o3 Arh

P=pcX,U+pcX,U,, (11a)

Po=pcX, U +pcX,,U,, (11b)

X, %7 &R REYHE 3

SERE'S

g gy Ak

Ed 19 oo Hustnio] EAgcin 744t
d, 4 ()& o e PPHo2 EIY F
ATt

In).
d714 Pot v, & idA Y 84 HEs 3
49 2 AHLETE 247 ovisid, ¥d X, 9
AAA P Ao e x, 2 B/§A 4 (12)
g gan 29 Abo9 AgRSs FejE wd
3 ohg 3 Ak

VO T;a Tl;b Vl

\/_%_[( ;TI,Xoo (XIIXU() _XOIXIO)

_X, J%Xlo]{V, /s, } .

j—;X or Xoo VoS

S|P
I o

whabglo] Ashlck
3 71AE, Fig. 19 A%V 3 &£4& o
2ol xdd:
172 _\'_l ~ i
7L —2010g |7, + T, L4 T, £+T, ¢
5 | 2 |
|1+XII—XOIXI()+XIIX()0+X()() .
2X,,

= 20log

)

4. A5t ¢ g

Analyzer (Hp3562A)

[ ‘ﬁ?ﬁ

\l \/l .
(n&x 4135) / \Q / .
ﬁ/( e e \lAnechol_c
termination
O}j o \7/ .
Hom diiver /'J[/V X \X
{Sammi TA-508) '

Fig.2 2333 2ix

-538 -



50

40

20

Transmission Loss (dB)

50

40

30

20

Transmission Loss (dB)

30 |-

(b)

kw

)
2
g
d
=3
S
£
g
323

50 :
— (b) !
g w
S 3 J
g \L Sk
‘—é 20 o 4 - - //k
E e \ /
g w0 |/ 7
= /

0 1 Y

0 1 2 3
kw,

Fig. 4 ®3}&dol i Jast sidgiste) vim

2879 FAede

Fo1e] violz

2E

g A atalen(i2],

49doz 787 A4

o] uj]

50

40 |

30 |-

20 |-

Transmission Loss (dB)

AA| vlo]lAZE (B&K 4135)00 4] &
A7) (HP 3562A)8 S7AAA pcit
oM A2 E gt T B BEoEs Fuka}
AelE & E(Hom)S ol &9 WhMlg i3
g3ich
Fig. 3& (I /w,=348,w,/w =w,/w, =0280)
ZdeM A3 FAol olgXet 4YNEG ztzt
YERY, (@) 1,/1. =00, (b)E [, /1. =0465%) %
Folrh. &3719 FahEHo] g o]&s Al
g gt Z AAEE AL B 5 dov], A
ol g We 9B AY 428719 Fig 3(a)
o A L Ao B3 o] g <
FEe AT F Fig 30AY P4 LA 9l
g ddo] #¥W Uie] HEE AY 2o 9]
A7) W&ol & + vk AFEINE o) 4
La7h 2 olfre, 297iel 4 9 Eio)re)
FRbAL X 2]7} SAskR] £ o] oA ofc). ) 2]
Al AH-E =, AAERAE Ao v
T Green 9] F7t AH8Ho2 SN 38
e o 28 2=t dedy gormz 7 oyuw
oM 1/hY g ol gEAon, AMEE Frlelal
= FRHETE dw 409 FooAN F}
A7 Al AAFE ¢ F AU Y <l

2E R

el

‘r ‘) 0“

- 539 -



st Frol hw, =
FAFFET S neld W, by <40E 2F
71e] d71x] BEAE RAEte W FEE T30l
g &+ Atk

Fig. 45 843 ol 3™ s} vlo] Agddria
ARete ZjE &4 dE AA B e
vl Axza Add Fuez 7z gAEH,
@ 1,/1.=045, (b= 1,/l.=050° Z-¢ojrk
Adecte] 5 &S AAHA deud, dHD
wo] gtgel Fitel 94X o, Fig. 3(a) B-+9
s 2 Ao 1k olde Fig 4l BE
4] Ao} gol Aoz uiFA @ Holn
gy, Aol A$, Fig 4b)sh o] dgde] F
AR Be FoA ol"d &@ael vEhA
g, olE Qe 5% ave ¥ 4+ o0l
Fig. st g g AAE & 2=9 dHPE} ¢

B EAS Rl AXNAA FE T3 AR S
Age Weg dFsn vt o AFsRRE o

Rgirio] o= meEo] ARl gyl W 4%
el Fabs S4o) whrks 3¢ ¥ ¥ + 3
dom, QEwe] BE ENE B AFAN AL
el olal EvHoZ MY F S-S BT

5.4

AT B 2] BPw oz FFHo
e g daelsl, 49w ®E &
detel AAE AP AANA dsks Fa
ololq 4 gAlol e ¥4NA + ALE
Qatsich AANA e mE SAE olgste] ¥ @
FolA n2e £g7)e) gol BiW mF &%
g 0 RAY 4+ dolen, 49e Fael oo
B e Aok of PUe goE FE) o

719l &4

>.
ru\o
dl

Aol a3 HA7 g2 Foix Uk
Fejel 2g7)9 Ml HEd Aojch AiHQ
492 AeE 718 457 #Y dE T2
of Asl 2 A, AA AAll ul$ F&sh 29
F A& Holrh

F1ER

1. J-G. 1h and B.-H Lee, “Analysis of Higher-Order
Mode Effects in the Circular Expansion Chamber with
Mean Flow,” Journal of the Acoustical Socicty of
America, 77, 1377-1388 (1985).

2. J-G. 1h, “The Reactive Attenuation of Rectangular
Plenum Chambers,”

157, 93-122 (1992).

Journal of Sound and Vibration,

3. J.-G. Th and J.-S. Lee, “Low Frequency Characterislics
of Unlined End-in/Side-out Rectangular Plenum
Chambers,” Noise Control Engineering Journal, 40,
179-185(1993).

4. Y.-H. Kim and S.-W. Kang, “Green’s Solution of the
Acoustic Wave Equation for a Circular Expansion
Chamber with Arbitrary Locations of Inlet, Outlet Port,
and Termination Impedance,” Journal of the
Acoustical Society of America, 94, 473-490 (1993).

5.C. I. Young and M. I. Crocker, “Prediction of
Transmission Loss in Mufflers by the Finite Element
Method,” Journal of the Acoustical

America, 57, 144-148 (1975).

Society of

6. A.F. Seybert and C. Y. R. Cheng, “ Application of the

Boundary Element Method to Acoustic Cavily

Response and Muffler Analysis,” Transactions of the
American Society of Mechanical Engineers, Journal of
Vibration, Stress, and Reliability in Design. 109, 15-21
(1987).

7. R. Mittra and S.W. Lee , Analytical Techniques in the

Theory of Guided Waves, Macmillan, New York, 1971,

- 540 -



Chapter 2.

8§ M. ;\bom, “Derivation of Four-Pole Parameters
Including Higher Order Mode Effects for Expansion
Chamber Mufflers with Extended Inlet and Outlet,”
Journal of Sound and Vibration, 137, 403-418 (1990).

9. E. H. Dowell, G. F. Gorman, Ill, and D. A. Smith,
“Acoustoelasticity: General Theory, Acoustic Natural
Modes and Forced Response to Sinusoidal Excitation,
Including Comparison with Experiment,” Journal of
the Acoustical Society of America, 52, 519-542 (1977).

10. J-S. Lee and J.-G. Ih, “On the Method for
Estimating the Volume Velocity of an Acoustic
Source in a Chamber,” Journal of Sound and Vibration,
182(4), 505-522 (1990).

11. B. B. Baker and E. T. Copson, The Mathematical
Theory of Huygens' Principle, Clarendon Press,
Oxford, 1939, Chapter 1.

12. A. F. Seybert, “Two-Sensor Methods for the
Measurements  Sound  Intensity and  Acoustic
Properties in Duct,” Journal of the Acoustical Society
of America, 83, 2233-2239 (1988).

13. M. Abramowitz and I.A. Stegun, Handbook of
Mathematical Functions, Dover, New York, 1970,

Chapters 9 and 11.

- 541 -



