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1. INTRODUCTION

The elliptic cylindrical chamber of mufflers are generally used in the silenc-

ing systems for exhaust noise of automobiles. Its characteristics however
have not yet been throughly investigated theoretically. A method to derive
the four-pole parameters of the elliptical cylindrical chamber including the
higher-order mode effects with mean flow is presented. Furthermore, the
method Is developed in the case of the circular cylindrical chamber.

2. ANALYTICAL APPROACH

The theory has been developed for the
elliptic cylindrical chamber of eccentricity
e, and length I which has two elliptical
piston-driven of eccentricity e, and e, fit-
ted at the center of the Input and the out-
put side as shown in Fig. 1. Assume that
the boundaries of cylindrical chamber are
rigid walls and the sound propagates with

out loss at the walls.

The wave-equation with flow velocity V Fig. 1 Model of analysis

Is expressed as[1]

 

2 2 2 ZWhaayzfi]¢=%[;_g+zv.v%+ww 4, m

where 4: is the velocity potential and c is the sound velocity in the medium,
respectively. Assume that the flow is a one-dimensional uniform flow in the
chamber. The general solution for axially symmetric waves in the cylinder is

given as follows.
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¢(Evn.z)=(Ao exp [(fl+v) Z_]+Bc exp [(fl-r) 2]) "a CmCem(Evs)cem(n.s) (2)

V »Z(1—M2)—k2M2 . ikM . (k2 + :42)I = — , s: 3
(1-M2) ‘3 (1—M?) ('2 4 ( )

A0, Bo, c," and ,1 are arbitrary constants, cem(n,s) and Ce,,.(§.s) are the
Mathieu function and the modified Mathieu function of mth-order, respec-

tively. q is the distance between the foci and the origin, k is the wave

number and M is the Mach number.

Let V0 and Vy be the components of particle velocity which propagates
in the g and z direction, respectively. The boundary conditions are as fol-

lows

[11-6¢/6§=0m-§=§w (4)

[2] — 645 l 32 : Vo Fo(§,n) at z = 0 (5)

[3] - ad) I 32 = V, F,(§,n) at Z = F (6)

where

where y =

Fo(E.n)={1 [osES§° 'OSM): F.(E,n)={‘ (05555! 950$an (7)
.0 [§o<§S§w-°S'152"] 0 (§I<§5§w~°‘71527']

According to these above boundary conditions. the sound pressure distri-

bution on the Input and output piston are given by

15m, {uu (GOSaP+/Msinu1’)-exP(-fli)U1) +22%. {Uooaa
1 fl exp(fiP)t{—Wwmi-muloovvii W

p3=i2w[

F, = [2,, (un exp(—fll7) — (oceaP+stinuP))+ 2A,", {uaom
sinaP

(9)

(10)

(11)
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8 E: non, = L 0524552,”) [2Aff ’oosheg—Af"’] d;

F $24552“) [2A§"’oosh2§_,4t§"!] dg
Ux_—..—_W (12)

L Gearssmncoshzg—eenldg

U,. S, are the volume velocity and the cross-sectional area at the input

plston.U,. S, are those at the output piston,Zw=pc/Sw, SW is the cross-

sectional area of the chamber. A?” and 62,, are oonstants.The symbolic 2'

means without n=i=0. The relationship between A in Eq. (11) and2n,l

ew is illustrated in Fig. 2.

From Eqs.(8) and (9), the four-pole parametes can be expressed as

follows

AB_1Z,,.Awa.1ZM
[c D]'[0 1ch DwJ[0 1] “3)

lumen]
where

«wt-I'Mfiilmilm

   

3w =jzwexp[—1M#)[[1 +Mz] sin( 1kg?) - 2iMcos[ (15)

    

Cw=/’21; eXp(—jM1’:i sin[1‘:£f (16)

Dw = Aw
(17)

’ K 0 k M r 1z = 2 an —+

h w E y +[ k M J2; [(1 ‘Mel anJ‘ I 13”” Y2“? (18)

2"" 1 _M2 7sz _

' k on — k M - 1
Z = Z ——'—— —— +

M w 2 y . + k M )2; [1 ’ME) Yam I 13"“ 72.1.1? (19)

2"" 1 _M2 Yam A

When the cross sedion of chamber and both of the input and output pistons

are in circular iorm. applying e,=1/oosh§, with Erma, a“ and o,.,_ in Eqs.

(1 B) and (19) become
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2 2

r, J:(Mr’o”w) r, J1("0J’llrw)

Q“'[2 '7 —xa..Jaw) : 0"" 2 T: T.MI.) (2°)
where r9. r, and rw are the radius of input. output piston and chamber,

respectively, J,.(x) Is the Bessel function of nth-order.

An example of 2,, Is shown In Fig. 3 where the elliptical chamber has

ew=0.5 and Solsw=0. At kaw<lm 2,, increases corresponding to the

Increases of kaw and It suddenly becomes great In frequency range near

A“, especially for large value of M. Characteristic of 21,, have an effect on

the fundamental resonance frequency of the four-pole parameters[2].

3. CONCLUSION

The four-pole parameters ls given by Eq. (13) which is composed of the

product of the input, chamber and the output section matrices. The matrices

of Input and output section include the term of higher-order modes which are

defined by Eq. (18) for elliptical cylinder and Eq. (20) tor circular cylinder,

respectively.
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Fig.2 resonance of even waves Fig‘ 3 Chemote’ism 0, 2M2”
( ew=0.5, €=0.4cm, S/Sw=0.21 )
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