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INTRQDUCTION

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 rescnating chambers, in particular, show an
acousticel 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 advanc
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 Blaser [2], allows the de-
termination of the complex reflection coefficient R on the basis of the
transfer function between two wall—mountgd 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 impedéﬁces deve-
loped at the Acoustical Laboratory of IEN "Galileo Ferfaris“'(Fig. 1},
is made of a 50 mm diameter duct connected to & fan-muffler system and
8 compression driver noise source. The sample under test (Fig. 2) con-
sistes of & 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
stical impedance may be considered constant from B00O to 4000 Hz. Two
B. & K. 1/4' microphones, 26 mm spaced, 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:

Ry(f) = S1310{f)/S1411(F) ‘ (1)
where: §,j74 = power spectrum of the incident acocustic pressure; Slilr=
= cross spectrum between incident and reflected acoustic pressures,

R, (f) may be expressed as a function of three transfer functions, two
(H;, Hp) dependent on the duct geometry and the remaining one (Hjz),
measured between the two microphones: '

Ry(f) = [Hyo(f) = Hs(0)]/[Ha(E) - Hyplf)) (2)
where: H;(f) = exp{-jk;d}, transfer function pertaining to forward propa
gation between microphones; HL(f) = exp(-jkpd), transfer function per-
taining to reverse propagation between microphones; d, microphone spac-
ing; ki = 20f/{¢ (1 + M)), wave number for forward propagation; kp =
= 2mt/{c (1 - M)}, wave number for reverse propagation; ¢, velocity of
sound; M, Mach number (mean flow velocity/c).

From Ry, the reflection coefficient at the sample section may be eva-
luated as:

R{f} = R{(f) exp(j2k;a) (3)
where: s, spacing between microphone 1 and test sample.

and consequently the normalised acoustical impedance Zg of the sample:
Zy = (1+R}/(1-R} (4)
The measurement technigque is quite sensitive to errors in the evalua-
tion of Hyp and s0 it is necessary to eliminate the amplitude and phase
non-linearities of the two microphone chains. This is accomplished by
executing two estimates of H,» interchanging the microphones and using
the geometrical mean of the two estimates as Hyp [2].

The measured acoustical impedance Zg is the shunt of the termination im
pedance Zr and the resonator impedance Zp. The resonator impedance may
be expressed as:

Zy =SAZT7°/(SQ {ZT_ZO)) {g)
where: Sp, cross section of the slot; S, cross section of the duct.

In terms of the lumped parameter circuit:

25 = R+1/sC+sL {6}
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ACQUSTICAL APPLICATIONS FOR PERFORATED METAL
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abourber depth, h = U.7% sn. Read the resonance fre-
quency where this line crosses the fy-scate: 2000 Hz.

This would be a suinabbe struciure for 1he jet engine
duct linmg mentioned above.

EXAMPLE B: TQ DESIGN A TUNED ABSORBER TQ
RESONATE AT A GIVEN FREQUENCY.

Suppuse thar we want a structure with 3 resanance fre-
quency of 120 Hz, @ be used at an absorpive enclo-
sure Far 2 large power cansformer, The available space
behind the perforacd metal is 4 in, and the shoey in
0.125-in. thick. Dewcrmine Ihe required hole size and
PETCEnt OpEN 213

SOLUTION: What we muat do 18, given the values fur
fp. 7. and b, to chouse 2 combination of d and P that
satisfics the noMOogHM

Cuonnect the points correspending to b = 4 in. and

f, = 120 Hz with 2 straight Line, continuing it acrass
intersect the m-scale, Now let us try perforations 14 in.
in diameter. Wah | 2 0125 in.and d = A.2% In.

we have:

£ = 0129 + 08 x 0.250
& =033 in.

Connect the patnl corresponding tae = 0.3 In. 10
the point found above on the m-scale, 10 Int¢rsect the
P.scale at 0.5% (about 0.1 hales/sq in.}.

§. Qualliniive Guidelines

Qnce the dimensians are chosen 1o produce the desired
resonance frequency. cerlain other precautions will help
0 maximize the absorplion achieved. As suggesicd in
the skeich an p. 1, the absarpive material is most fex-
tlve if It is placed near the perforaed plare, mther than
near the solid wall, However, if the maerial s to be
wrapped In @ thin plastic flim for proteciion. it must mot
lie directly against the sheet, but about one hole
dlameter away.

Alsa, the 2it layer wrapped behing the facing thould be
subdivided into cells, by means of paniltions, eacher
han being continucus, a3 shown in this sketch:

PARTITIONID

PERFORATEC PAMELS

When the airspace is continuous, the behavior of the
ahageber changes grearly at different 2 tes of incldence
of sound, becoming besa efficicnt and changing the
resonance frequency away from the design value By
comrast, with ihe partitioned structude, not anly does
the resprance frequency rermaln the same 23 the angle
of incldence Increases, but she bandwidih for high
absorption actually becomes Broades. so that the stnc:
ture is 4 mote efficient sound absorber.”

Finally, there is the cffect of the density of 1he fibrous
material in the aispace. If i is 100 foose, the sound
passes cight through wilthuut belng absotbed. If it is 100
dense. the sound is refecied from he surface, and can-
na1 pencirate the material to be absorbed. Suilable
materialy would be OCF 70%, M Spinex, or Gustin-
Bacon Ulralite, with 2 density of abowt $ Ibffi*and a
thickness of one inch.

This paper sponsored by the Endustrial Perforators
A inti 710 N. Plankl Ave., Milwaukee,
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