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1. INTRODUCTION

Membrane-type absorbers are normally formed by suspending a single
membrane in parallel with a massive back wall. This structure forms an air
cavity in the gap. Because the membrane itself has little absorptivity 1],
absorption power in the cavity plays an important role in these absorbers -
415A back mall is necessary to form the cavity that makes these membranes
a sorptive. It is enerally assumed that this wall must be as massive as a
concrete wall. owever, it is not clear how much the back wall can be
tightened and still achieve conventional mass—spring resonant absorption. It
s ould be possible to obtain equivalent absorption characteristics with a
light—weight double-leaf membrane by suitably adjusting the ameters of
the structure. Furthermore, a double-membrane design ooud be used to
improve the acoustics in buildings which use a membrane structure, e.g. in
domed roofs, etc. However, no studies have yet been made on the acoustic
goperties of double-leaf membranes used in membrane-structure buildingbse.

e acoustic performance of double-leaf membranes should, therefore,
clarified. In this paper, the acoustic
properties of double-leaf x
membranes are analysed. A theory
is proposed and validated
emenmentallyfiparametricstudy is L33“ Al“at/"Y L5.“
carried out to clarify the acoustic
behaviour of double—leaf
membranes. ‘

2 ANALYSIS Hmm,

Consider the double—leaf membrane
of infinite extent in Fig 1. It oonsrsts
of Mo leaves with an air cavity of Fig 1 Geometryotadouble—leat membrane
depth amen them The first leaf of Infinite extent: surtaoe density and
(leaf 1) is characte‘rised by its tension of each membrane are rm and 71.

surface density mi. tension 7'. and 35:58:? spedfic “mm “mm” M

rm, Ti m2. T2
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surface-specific acoustic admittances A. (front) and A: (back). For the
second leaf (leaf 2) those parameters are labelled mg, T;, A, (front) and A.
(back). Leaf 1 is struck by aplane wave of unit pressure amplitude with an
an Ie etc its normal.

olving the coupled motion of the sound field and membrane vibrations
gives the displacement of each leaf, w. for leaf 1 and w; for leaf 2. which are
substituted in to the Helmhqu integral to obtain the reflected and transmitted
waves, pr and p.:

 

_ 1 '
p, (1.2) = +-——Ip"w2:53:22" ma) expliko (x sum-10050)]. (1)

_p,(x,z) = —Ipon)zl'z (Iro sina)exp[lka(xsin9+zcosfl)], (2)

where the acoustic wavenumber ka=mlco (m is angular frequency, (:9 is sound
speed), A is air density. and '

r. (k) = (2:10, (Io/pow“? 1“) 130:) = —(2rw.(k)/pow“r)(B+A.)ousvr/. (k);

D. (k) = (kaL/z’mm‘ya +A. HL— (BM. Mum.
132(k) =(koL/2mpaw’)<8+A.)-rL—(B+A.)M1uzrk) .

= ‘%[(°°59‘A1)(0059-A:)WWW]WWI-(0050+A;X0059+A1)€XFIIkod°°50]].

M = —%[(cos€—A,)exp[ikodcesflj +(cos9+A,)exp[ikad ousafl.

N = %I(ous€-A1)exp[ikodcosfl]+(cesfl+A,)cxpllkodcosfl]] ,

‘I’= D. (kw. (k)-(B+A.)(B+A.)eos’ ovum/m. a =1/l-(klko)’ ,
with Uu(k)=[2n(T,-l?-m- 1the transformed unit responses of the membranes.

The absorption an the transmission coetficients are obtained as l—lp.l2
and 1, respectively. Field-incidence averaged coefficients (averaged over
0°s l8°), typical of those in a difiuse sound field, are used in the following
examp es.

3. NUMERICAL EXAMPLES AND DISCUSSION

Experimental valldal'lon
To validate the theory, four types of double-leaf membranes (described in
Table 1) which were made up from typical building materials. Their
absorption and transmission coefficients, (2 and 2', were measured. The
double-leaf membrane was installed in an aperture which connects two
reverberation chambers to simulate the conditions in the model analysis; the
model assumes a double-leaf membrane of infinite extent which divides all
space into two equivalent half spaces, therefore the experimental sound field
must also be evenly divided.

Table 1 The four types of double-leaf membrane used In the experiment. All types are
2.41x2.91 m .

u ace 6
No. ea 1 ea 2 Cav de m
1 0.495 2. 00 .
2 0.805 3.300 0.05
3 0.495 2.100 0.05
4 0.995 3.300 0.05
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Figure 2 shows a comparison of the measured results with field-incidence
averagedtheoretical predictions. The measured results are in fairly good
agreement with the theoretical values: Both experimental and theoretical
results show the significant peaks in a and (1—1 that are characteristic of
single-leaf membra
absorbers with rigid back walls. This In
implies that double-leaf membranes 0,
can be used as sound absorbing
elements. a”
Parametric study cu

Else primra‘ry question in dsesifgg M
pra Ice Is ow masswe mu
second leaf (leaf 2) be in order to "-01—;—
give the double-leaf membrane
enough absorptivity at the mass- 1-0 I

          

spring resonance peak Figure 3 M _ __ _ B
shows the effect of m; on 11-: the I _* :
peak value increases and the peak _“ - I
frequency decreases as m, m ——I— ‘ _

increases, though no peak agpea M _ _ *_ +_ 1
if m, is too small, e.g. 0.2 Kglm, ' - ~
which considered alone might l“

125 250 500 ill!) woo
suggest that a massive membrane
must be used for the second leaf. 1-0
But significant peaks ap ar if m; M
approaches a certain va us, in this
example, 4kglm. as seen in Fig 4 I
micd'l nl-iore cjlearty indicatles the M
pea va us an uen pateaux a
as m; increasesfrTe'ths ingiycates that 1
m; should have some minimum
value, but above that extra mass
does not significantly raise
absorptivin Fla 2 Comparison of the theoretical (dots)

Figure 5 shows the effect on (1—: and the experimental (solid lines) results for
of m,, which is also of criiical the double-leaf membrane No1 In Table 1:

interest in design practice, (a) a. (bi 1.8mm 6—1:
increasing mi makes leaf 1 more
difficult to vibrate. resulting in low ‘5
absorptivity. But the relationship
between m. and the peak value is
not simple; it cannot be said that the
more mi increases, the more (2—1 a u
decreases. Instead, a maximum
peak value is found implying the
optimum value for m egdsts. in this -

rn This “-

            

an

I15 250 500 ‘m 2“ m

FMW lel

 

C856 [771:0. : I

phenomenon was eso identified in su- u as no am n u an

a membrane-type absorber with a Emu-near M
rigid back wall in [4], and is
explained by the behaviour of Fig3Effectcfthesurfacedensityofleafz,

system impedance at the msonanoe rm. on a-r of double-leaf membranes.

frequency. Since n.“ is a major A‘.,,A4=O.028,m‘=2.0kglm2.d=0.05m.
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Fig 4 Variation of value (left) and frequency (right) of the peak In a-r due to changes in
the surface density of leaf 2 of double-leaf membranes of various cavity depthi

determinant of the frequency at
which the peak appears and the
peak value depends on the
frequency, the maximum peak value
will be determined by the optimum
m. once d has been set. Thus, m.
should be chosen considering
desired peak frequency and value.
A similar rising and fallisrLg

tendency is seen when d is van' ,

 

as is shown in Fig 5. The peak at: u 1:: 15¢ see u a a
value increases as d increases up man-my (ml
to 0.02511, but decreases as d
increasesfurther. Figs Efieaorthesurracedensityorieart,

Th9 acoustic gammaan of an. on a—r oi double-least membranes.

each surface of both leaves have A‘---A4=°-°2°'"'2=2-°k9/m-"=°-°5m-
different effects As A; and A3.
admittances of the surfaces facing
the air cavity, increase, a—1 also
ina'eases (at the frequencies
around the peak) As admittance A‘,
that of the front surface of leaf 1
increases, a—r also increases (at all

uencies). The admittance of the
ba surface of leaf 2. A, has little

0 gemens
The authors wish to thank Dr Daiji m n “5 fimmcfim " a “I
Takahashi at Fukui Universi for his

 

valuable comments. Than a are .
. . . Fl 6 Efiect ofthe cavfl depth. d. on a—r

3'59 due to NObUh'm Oh‘ra for h“ ofudoubIe-iegf membranzs. AI...A4=0.°26.
assnstance In performing the m,=2,o Wm ,d=o_o5m‘
experiment.
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MATHEMATICAL MODEL OF THE ACOUSTICAL ABSORPTION
BEHAVIOR OF THE OPEN CELL POLYURETHANE FOAMS AND
COMPARISON WITH EXPERIMENTAL RESULTS
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This study concentrates on mathematical model of the sound
absorption behavior of the open cell polyurethane foams which are
commonly used by different branches of industry as a sound
attenuating materials.

LIST OF SYMBOLS

area normal to the sound wave in m’
mean equivalent cell size in m
frequency dependent compressibility oi the air in the loam
velocity ofthe sound in the free air at the normal conditions
average thickness of solid rib in m
depth of the material (thickness) in m
lrequency in Hz
porosity of the loam = cell volume fraction

(-1)
frequency dependent dynamic bulk modulus of the air
structure factor
total number of cells
number of cells in thickness 01 the foam 9
Prandtl number for the air = 0.71
radius of equivalent cells cylindrical part without ribs = 0,53
radius of equivalent cells cylindrical part with ribs = 0.5(a -d)
air velocity averaged over aunit of cross-sectional area of the
foam (at the suriace but outside the medium) in ms“
complex average macroscopic fluid velocity perpendicular to
the surface A inside the loam in ms"
acoustic impedance
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