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1. INTRODUCTION
Though membrane-type absorption has been supposed to occur onty in structures which indude a

massive back wait. the authors have pointed out that absorption of this type owns also in light-

weight impermeable doubte-ieaf membrane [1]. It is noted, though, that pemteable membranes give

higher absorption at high frequendes than do impermeable ones in singieteaf membranetype

absorbers [2]. Tire same '5 expected in doubieieai membranes. .

In ttris paper, permeability in one oi the leaves of a double-leaf membrane is considered to be

variable, meoreticai solutions to reflected and transmitted sound pm are derived. and effects of

parameters on acoustic properties are d‘wrssed.

2. THEORETICAL CONSIDERATIONS

Awrme that a ptane wave impinges on a double-teat membrane consisting of two infinite

membranes ( Fig. 1 ) at an angle of incidence a. Only the first membrane at the incident side at the

two membranes is permeable. The surface density and tension of the membranes are m., T‘ and,

In,. 7,. respectively. The thidtnessofthe aircavity is (1 The permeabiiflyofthe first membrane '5

characterizedbyflowresistivityRILMrerehismethidmessoithefirstmernbranaThespedfic

awustic admittance at the incident side and transmission side surfaces of the second membrane

are AJ and Au respectiveiy.

 

Fig. 1 Geometry of the double membrane structure.
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The displacement of each membrane is mm and WAX). The time factor, e"“", is suppressed

throughout

The sound pressure on the front and back sides of the first membrane. mm and p,(x,z), and

similarly. [41(2) and p.01) in the second membrane. can be guessed, using the pressure

difierenoe Apbetween sides ofthe tirst membrane, as follows:

 

“(1,2) = 2p,-(x,l7)+ [immzmim + noAAApixoiyr/fluoh 49pm, (1)

W ,) = -2rcuvomw2ixiooso+imwwrixi— fimxtllwsfl- Ar_ie*'+icosa+Aaie“’r (2)
' cosmoosH—Alp‘V—(oosmltdewl '

m”) = —¢ncnmw2(~iie"+e‘t’hzimwwrnmum) (3)
(cow—Agm’W—(oosontfle'i’ ’

mm) = —§ Ilmwzwzllo) -I*n&htlo.z)tfll.”(kolx when, (4)

where the acoustic wavenumber lifter/(:0, a: is the angular frequency, 1:" the sound speed, pn

the airdensity, Au=pocn/R/r. and (p: rams.

Using the unit response of membrane HIM (i=1,2). the membranes displacement are:

mm: [Anew—5w; (5). wzixi= [warm-p.(x.ziwz(x—¢)d:. (6)

Equations (1) to (6) can be solved for wand p in the wave-number space using, a Fourier

transfonn. The solutions are substituted in to the Helmholtz integral to obtain reflected sound

pressure p,(x,z) and transmitted sound pressure p.02), which are:

N0059-44(M+ NlHioCoWM‘on Sinm-2690500144chSinaiarlrnnshm»:.,zuap (7)
Noose-44W -/v) '

ML!) = “123?: 1.2”” sinmefllroxlinmkoll—dlomol‘ (5)

where 5(lt) = (/(OZ—lr ’)‘”. the transferred unit response of the membranes Him = [271(Ek 1-

17’; lulu" (F12). 3M

Pr(1.1)=

 

rm = [krirrniri—thkrfizirri/inirrniri warm/()1, (9)
1'2”) = [er/rinlki-thklfirlkll/Iflzlkiritll-Alkirztlin, (1°)
fill/r) = 0(k)- znmairwmso— Birwwrin, l1 1)
mi) = 4mcommmsou‘m, (12)

min = 4fih€uw[5(*)* rnMiai/ri — ArlkanW-EllrWiL/zl/r), (13)
nin= -N0(k)[5(k)+kallal

*77r'270‘owl/foNam- Zoostiiiierii+koM-war/newline + Minn/r), (14)
Am) = 47rH(/r)Nwsoll‘(lr) I U5)- Rzm = BWEUIJNDosflEUr) +lruA4 mm, (15)

air) = B(k)Neosfl+ Iq,4,|llloos0-BMW/1MY (17)

M=(wsfl—A3)s'b+(oos0+A3)e"" (13). N=(ooso-A;)e”—(oosfl+fig)e'bl (19)
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3. RESULTS AND DISCUSSION

The freidinddenoeaveraged absorption and transmission coefficients. a and r, are calurlated

fromeqs.(7)and(8).‘nieabsomfionmemdentindudesmeehectotmehansrnivedwave

( emressed by the transmission coetfoient ). which is not appropriate tor calurlating actual energy

loss in double-leaf membranes. Therefore, the difference a—ris used in the following k) describe

the real absorption. In the examples p,=t.2{kglmfl. 00:340[mls]. 7‘: 7,=1.0[Nlm], A,= .=0.026,

and Ir=0.005[m] are assumed throughout. It has been ccnfimied that tension ha no effect on

acoustic diaracterislic [3].

Effects of Flow Resistivity

Figure 2 shows the effect of Khan (1—1, when R=oo[MKS-rayllm], a tendency similar to that of the

rigid wdl membrane-type is seen, which is also similar to that of impemieabie doublehaf

membranes [2]. When 2x10’[MKS-rayllm]2&2x10‘[MKS-rayllm]. the absorption at high-

trequenoies increaes, making a plateau with slight fluctuations, typical of porous absorbents. The

absorption reaches its maximum when R=2x10“[MKS«ray|Im]. This suggests the existence of an

optimum R/rfor maximum absorption, just as is the case for porous absorbents. M Rdeor'eases

further, the absorption diaracterisiics approach those of an impermeable single membrane.

Effech of Surface Density

Figure 3 & 4 show the effed on a—rof m. and m1, respectively. In the frequency range below the

dip at middletrequemios, the absorption increases as rril increases. but the absorption decreases

as n12 increases. The dip frequency dose not vary with changes in m‘, but shifts to lower

frequencies as In, increases. At frequencies above 2kHZ, neither In, nor m, after: the

Effects of Cavity Depth

Figure 5 shows the elfect of cavity depth don (1—1, the peak value of a—robservad near 3kHz at

11:11.05 [m], moves to lowertrequendes as d increases while its maximum value decreaes.
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Fig. 2 Effect of the flow resistivity of the 151 Fig. 3 Effect of the surfaw density of the let

membrane (In on (1—1 : R = 2><10’(1). membrane (moon 11—1: m.=0.5(1). 1.0(2),

5405(2), 2x10‘(3), 2x10’(4), 00(5) [MKS- 20(3), 40(4) [kg/m7] : R: 2x10‘IMKS-iayllm]
rayle : m. = m2 = 1.0[kglm’]. d: 0.05[m] In: 1.0[kglm’L d= 0.05[m] throughout.

throughout
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Fig.45ffectofthesurfaoedensityofme 2nd Frg.5Effectofthecavitydepth(a)on ctr—1:11:

(mg) on a—r: In, = 05(1). 10(2), (105(1), (110(2), 020(3), 040(4) 0.813(5) [m] : R

20(3). 40(4) [kg/m7] : R= 2x10‘IMKS-rayllm], = 2x10°[MKS-rayllm], m. :14 = 1.0[kglm’],
n) = 1.0[kglm’], d: 0.051m] throughout. throughout

4. SOUND ABSORPTION MECHANISM
At the low frequendes, when d<<k (x : wavelength). the sound pressure in the air cavity can be

considered nearly constant Therefore. the impedance of the system can be approximated to

[thtl(—rbxrr.)—imnr,]“. and the a— rtothe normal incidence is emressed asfotlows:

pot: mm'wm’pnclpw'pnc 20
_ fl 2 I rr I) a$40244“) .[ M) .{m‘} .r m) .4 r i

This formula shows that a—rincreases as rrr increases, and decreases a In increases. When

m.=uo, eq. (20) is amassed a follows:

m. m, ’ pats ’ Are (21)
“$93) “(717] “(VJ “7 ~
Mrere army/rm in the low—frequency region. Therefore. eq. (21) becomes identical to the

equation for a—rof a single pemreable membrane; a-r tents toward the characteristics of a

single pemreable membrane at low frequencies as m. inaeases, and converges m a value

determined by Rir only. On the contrary. a—r dweases with increasing In, Howevem—r

characteristicsaresimilartothosein amembranewitharigidwall,because0ftheeifectoftheair

cavity.

Becauseithardlyvibrates inthehightrequerwregbn, thesecondmembranetendstoactasa

rigid wall. In other words, in the high frequency region, it becomes the draracteristic of a pemreable

membrane with a rigid wall. The middle frequency range may be considered as a transient stage of

change in characteristics from those of a permeable doubleieaf membrane to those of a permeable

membrane with a rigid wall.
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