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1, INTRODUCTION

Though membrane-type absorption has been supposed to occur only in stuctunes which include a
massive back wall, the authors have pointed out that absomtion of this type occurs also in light
weight impemmeable double-leaf membrane [1]. It is noted, though, that permeahle membranes give
higher absomption at high frequendes than do impermeable ones in single-eaf membrane-type
ahsorbers [2), The same is expected in double-leal membranes.

In this paper, permeabfity in one ofmeleavesofadouue-leafmembranelsconsﬂeredlobe
variable, theoretical soluions to reflected and transmitted sound pressure are derived, and effects of
parameters on acoustic properties are discussed.

2. THEORETICAL CONSIDERATIONS

Assume thal a plane wave impinges on a doubledeal membrane consisting of two infinite
membranes ( Fig. 1) al an angle of incidence 8. Only the frst membrane at the incident side of the
two membranes is permeable. The surface density and tension of the membranes are m,, 7, and,
My T, respectively. The thickness of the air cavity is o The permeahility of the first membrane i
characterized by flow resistivity A4, where /s the thickness of the first membrane. The specific
acoustic admittance of the incident side and transmission side surfaces of the second membrane
are A, and A, respectivety.
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Fig. 1 Geometry of the double membrane structure.
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The displacement of each membrane is w;(x) and wy{x). The Eme factor, & ™ is suppressed
throughout.

The sound pressure on the font and back sides of the first membrane, a(x2 and alx2, and
similarty, p{x3 and pf{x3 in the second membrane, can be expressed, using the pressure
difference Apbetween sides of the first membrane, as follows:

p,cx.z)=2p.-(xm+i jlmw’w«m+:*omp{xo)w§."tfrolx—xolwxo, ()

palx.2}= - 2imowip (X100 8 + [fpcamnylx) — Anap{x)lloos & - An}°”+(°056+Aa}e‘”l ¥}
' cosélicos 8- Ay )e? - (cos i+ Ay)e )

a2} — ipepawa(X)e®+ e~ P)+ Aimegww () - Apastx)] )

{cos 00— A)e* - (cos 0+ Ay o™ '
prfn2) = flawwalre) - oAupsino 2 kol - xoaro, @

where the acoustic wave-number f=w/ ¢, wis the angular frequency, ¢, the sound speed, o,
the air density, A, = p, c,/Fh and = £, dcos@
Using the unit response of membrane ¢{x} (=1,2), the membranes’ displacement are:

win= [sdniz-adz, O wain= flesx2)- patalgln- o (6

Equations (1) to (6) can be solved for wand p in the wave-number space using, a Fourier
transform. The solutions are substituted in to the Helmholiz integral to obtain reflected sound
pressure p,(x.2) and transmitied sound pressure p,(x.2), which are;

Noos 8- Ay(M + N) + imCoaNIy(4g sind) - Zimcpardyl (Kg Sin ) g/ lkpxsind- ;u,mg, {7
Ncos@-AylM -N)

)= Ig Dz Tyl mno}eﬂ#oxmm-ko(z o‘]msﬂll (8}
where B(A) = (4"~ *}'"?, the transfemed unit response of the membranes /(A = [2( Tk *-
me’)|™ (1,2), and

axz)=

T8 = [RyK)y (0~ Ryt B ARy oK) - Bolk It )] &)
D6y =[RI8 - Rt BV LB K AK) - BRI (k)] (10)
Bil*) = AUk} - 2migcoul o oos 0 - BUMIA(K) (1)
Baik) = A mizcowB(K) cos LAY {12)
Filk) = dmiagegl Bk + kg ANQUK) ~ AlkgN 0050 - BUMUa 4 (13)
Falki= ~NARIBIK) + ko A

*2iyCoalyNOLK) - 2003 pOUKNBIK) + ko As] - A ABIKIGOS IBLA) + Attty (14)
Rilt) = axBikWeosouth), (19 Ry(k) = BrAyBkWoosABIN) + ko Ay Wa(t),  (16)
Q) = BN 0S8+ ko AyN oS - Bk IMAy (7

M=(es8-ay)e® cosor ie™® (18l W oiooso-43)0% —(coso+ y)e~® (19)
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3. RESULTS AND DISCUSSION
The field-incidence-averaged absorption and transmission coefficients, & and 7, are calculated
from egs. (7) and {8). The absorption coefficient includes the effect of the transmitted wave
{ expressed by the transmission coefficient ), which is not appropriate for calculating actual energy
loss in double-leaf membranes. Therefore, the difference a—ris used in the following to describe
the real absorption. In the examples o=1.2[kg/mY, ¢=340[mvs], 7;,=7,=1.0Nim], 4,=A,=0026,
and #=0.005[m| are assumed throughout. It has been confimed that tension has no effect on
acoustic characteristic [3}
Effects of Flow Resistivity
Figure 2 shows the effect of Rion a—7, when R=co[MKS~aylim], a tendency similar lo thal of the
rigid wall membrane-type is seen, which is also similar fo that of impermeable double-teaf
membranes [2). When 2x10MKS-aylm>R22x10MKS+aylm], the absorption at high-
frequencies increases, making a plaleau with slight fuctuations, typical of porous absarbents. The
absorption reaches its maximum when R=2x10°MKS~ay¥m). This suggests the existence of an
optimum A% for maximum absorption, just as s the case for porous absorbents. As R decreases
further, the absorption charactenistics approach those of an impermeable single membrane. '
Effects of Surface Densily
Figure 3 & 4 show the efiect an a—rof /m, and m,, respectively. In the frequency range below the
dip a middle-frequencies, the absorplion increases as /m, increases, but the absorplion decreases
as m, increases. The dip frequency dose not vary with changes in m, but shifis to lower
frequencies as m, increases. Al frequencies above 2kHz, neither m, nor m, aftect the absorplivity.
Effiects of Cavity Depth
Figure 5 shows the effect of cavity depth fon ar—r, the peak value of a—robserved near 3kHz al
=005 [m], moves to lower frequencies as dincreases while s maximum value decreases.
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Fig. 2 Effect of the flow resistivity of the 1st  Fig. 3 Effect of the surface density of the 1st
membrane {R) on a-r : R = 2x10Y1), membrane (m) on a—7: m, = 05(1), 1.0(2),
2A0KD), 2x10%3), 2x1074), oof8) [MKS-  20(3), 4.0(4) kg/m? : R = 2x10FMKS-+aybm]
raylm] : m, = m, = 1.0kg/m?, &= 005m  m=1.00kg/m?, ¢=0.05[m] throughout
throughout

Proceedings of Internoise 96 957



Klyama, Sakagami & Marimoto

10

08 |-
wos |- L
u 04
02

00 |
35 63 125 250 500 1000 2000 4000
Frequency[Hz]
Fig. 4 Effect of the surface density of the 2nd
membrane (m,) on a-1: m, = 0501}, 1.0(2),
20(3), 4.0(8) [kgim?] : R= 2x10°MKSrayim),
m,=10kg/m?), o= 0.05[m] throughout,
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Fig. § Effect of the cavity depth (d on a—7: &=
0.05(1), 0.102), 0.20(3}, 0.40{4) 0.80(5) [m] : R
= 210MKSsaylim], m =m, = 10fkg/m?],
throughout.

4, SOUND ABSORPTION MECHANISM
At the low frequencies, when /<<, (A : wavelength), the sound pressure in the air cavity can be
considered nearly constant. Therefore, the impedance of the system can be approximated o
[VRMAl{—kom}—-iwm] ™, and the a— rto the normal incidence is expressed as follows:

a-r=(182) [%][%]4[_&& 4&1] 20

1+2ﬂ+
m

2 H
mm'] +4[%:“) b
This formula shows that a—rincreases as m, increases, and decreases as /m, increases. When
M=o, 8q. (20) is expressed as follows:
+4p';c°j|

“_f=(4%cn)/:1+(w_m! RA

2 H
e
Rﬁ_] +4[%]
where wm,/Rh=0 in the low-frequency region. Therefore, eq. (21} becomes identical to the
equation for e~ of a single permeable membrane; a—7 tends loward the characteristics of a
single permeable membrane at low frequencies as /m, increases, and converges 1o a value
determined by A% only. On the conbary, a—r decreases with increasing /m,. However,a—r
characteristics are similar to those in a membrane with a rigid wall, because of the effect of the air
canity.

Because it hardly vibrates in the high frequency region, the second membrane tends to act as a
rigid wall. In ather words, in the high frequency region, it becomes the characteristic of a permeable
membrane with a figid wall. The middle frequency range may be considered as a transient stage of
change in characteristics from those of a permeable double-deaf membrane to those of a permeable
membrane with 2 rigid wal.
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