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I NTRODUCTION

The mathematical models of the acoustical behaviour of exhaust mufflers

require to know the acoustical properties of the walls of the ducts

which a gas mean flow with a superimposed noise propagates within.

Perforated tubes facing to resonating chambers, in particular, show an

acoustical behaviour which depends on the perforation distribution and

on the shape of the slots._ The evaluation of the slot acoustical impe-

dance is particularly difficult if it shows a complex geometry as in

the frequently used shapes of Fig. 2a-2c.

This paper deals with an experimental investigation. based on an advang

ed technique of acoustical impedance measurement in a plane wave tube

with random excitation. Such a technique, introduced by Seyber and

Ross [1] and further developed by Chung and Elaser [2]. allows the de-

termination of the complex reflection coefficient R on the basis of the

transfer function between two wall—mounted microphones. This measure-

ment procedure avoids many drawbacks of traditional techniques, being

much faster and apt to be controlled by a computer procedure.

SLOT IMPEDANCE MEASUREMENT

The test bench for the determination of the acoustical impedancea deve-‘

loped at the Acoustical Laboratory of IBM "Galileo Ferraris" '(Fig. l),

is made of a 50 mm diameter duct connected to a fan-mutfler system and

a compression driver noise source. The sample under test (Fig. 2] con-

sistes of a cylindrical Helmholtz resonator whose volume may be varied

by a movable piston. The cylindrical cavity communicates with the

plane—wave duct-wall trough the slot whose characteristics are to be
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determined.

The plane wave duct is terminated on free space by a circular exponen-

tial horn 950 mm long and 1800 mm (diameter) wide, which faces an ane-

choich room. The cut-off frequency of the system is 200 Hz and its acou

sticai impedance may be considered constant from 800 to 4000 Hz. Two

5. a K. 1/4' microphones, 26 mm sp'aced. face the duct wall in proximity

of the sample on a rotating support which allows to interchange the mi-

crophone positions in order to calibrate the measuring chains [2].

with reference to Fig. 1, the reflection coefficient measured at the

section of the duct which pertains to microphone 1. is:

R1(f) = SJilr(fJ/Sn11(f) (1)

where: sun = power spectrum of the incident acoustic pressure: Slur:

= cross spectrum between incident and reflected acoustic pressures.

R1”) may be expressed as a function of three transfer functions. two

(H3. H1.) dependent on the duct geometry and the remaining one (H 12).

measured between the two microphones: ‘

alm = [lefl'] - Hi(_f)]/[Hr(f) - "12(0) (2)
where: Hi(f) = exp(-jkid),transfer function pertaining to forward propg

gation between microphones; Hr(f) = exp(—jkrd). transfer function per—

taining to reverse propagation between microphones: d, microphone spac-

ing; k; = awf/(c (l + M)), wave number for forward propagation: kr =

= zrrf/(c (1_ — M3). wave number for reverse-propagation; c. velocity of

sound; M, Mach number (mean flow velocity/c).

From R1, the reflection coefficient at the sample section may be eva-

luated as:

RU) = 121(1‘) exptj2kia) (3)
where: s. spacing between microphone 1 and test sample,

and consequently the normalised acoustical impedance 20 of the sample:

20 = (MU/(H?) (a)
The measurement technique is quite sensitive to errors in the evalua-

tion of H12 and so it is necessary to eliminate the amplitude and phase

non-linearities of the two microphone chains. This is accomplished by

executing two estimates of H12 interchanging the microphones and using

the geometrical mean of the two estimates as H12 [2] .

The measured acoustical impedance 2° is the shunt of the termination im

pedance 21 and the resonator impedance Z“. The resonator impedance may

be expressed as:

2A =sAsz/(so (21—10)) (5)
where: SA. cross section of the slot; so, cross section of the duct.

In terms of the lumped parameter circuit:

ZA = R+1/sC+sL (5)
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