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Membrane-duct: its theory and feasibility

Yang-Hann Kim and Young-Doo Chun

ABSTRACT

Theoretical analysis of noise reduction by a membrane-duct system is presented. When acoustic waves
propagate in the membrane-duct, the part of membrane is also excited and its motion is coupled with
interior medium. For an infinite plane membrane-duct system, a simple coupled goveming equation is
derived and solved. One of the characteristics of dispersion relation is that evanescent waves occur below
critical frequency. Attaching damping materials to the membrane may improve the absorption efficiency
of acoustic energy. The results show that the membrane-duct system can be applied to diminish and
absorb low frequency noise in duct instead of passive muffler, such as simple expansion chamber or

absorption material.
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membrane duct

-1648-



ol Yarske
& shuie 9ges

S8 YFolA BY, wete] &5
B2AFo R A" AL 3
28 7 o &, 9 39S FAEA WA
2 F3 @Yol 2T F UL AYE ¢ 7 U
ok ery A Ev)e dig 71 R ofolrole A
Fo AgduR] WMol dHWA EAHFP Y
tA7F AR E 24 ’\]7;_1 T A= ““
% (mechanism), & E£9
g F JduHd AFEH £ SE wAlue wteto
Bog AR F JeejaE Hd Uk

3 F g FYPstA HA G dwhga o
v 2ol A (couple)ol] 23 LAE= T

Q g =
7

}.

% (damping), <

g T ¢ B

=9}

#H@SE ol gt IYse AFH £3&
Fatele A7 27 O % £ Ho g,
AES 8 Ao =9 Hekg
(cavity)Al 2} FEFA ] B3 AFO7} o] FolA %
on, F&A H7F £ oF W widg o] &3
o AFIgg difelMe] £F APE Ao

X o Ho

oln

g F ASE Bug v ) oG A7 A
E&, 9tuhg o]l g3 HE Axdo] 7|&E9 iy
25719 A4 v£EA Hgas ddy 2&
AR ¢ axdoz 48 4+ 3, HE oy
280 wel B g4A FYmuning)d F YL
Bo Fo}

2 =% dehgE AAdg ojf3ld HE
U Ro] Asdsle AFds dde 238 ARA
71 Py Ed s oFa At
2. )& QI

2-1. PHEN YOHEQ | XY THY

utobal oA zkel A4 (couple)@ AL o33l
A, Fig. 29 Zo] TP wut Alold] e
o ntFol HAuste A+E Az wah

8ol o, 4N
™ e X

OHE P PsPo h

LI

FIG. 2 Schematic diagram of an infinite membrane-duct
system

ol #Ae] WAL 3 Wy Rl wjAo]
EAsA Fevtn e, a8m, g Alolg)
ol At Sutel wAo] wiuzie] A 4
of vis} w9 & H$E s yens Ax
goin AR F, kho<< 19 ZPOEA olE
AT BHo] HE LHT«I 7<1~r3}T dg 2847
g ZAekEE e spgolsy & £ )
A7 wete] dAH4E &F Zl”ﬂ‘%”één‘

&) 9sl, A& ubgpalole] wjdol ik
& #AYE FE8 2 o3 Zr

o __ (6u+.1.?_'l] )
° h

o

i

ol p 9} wi vide Wxet oo &5
olal, p& wute] WY o|tt 4 (1)e A
g uuto) 250 riQld A ddE Yehlu
Aok o, R ojde] xWgozo ¥
#AL 2 de|(Euler) A8 FHAL}

cex

op Ou

“a‘x‘="Po 2 )
=3 jFeA gEol Masle AFE FAER
] (isentropic) &g olet 71434,

L-¢ @)
fo)

o] BAE V& F UL, ¢, = WANMY HAF A
G&2E Uehdo. g2k, A (1), 2), B)22FE
Wy sl A dvtste Soe #d Ag g
o] & ¥ Uk

Pp_12p p2n

o aar @
A Y LEF AL Wty &5 o3 3
7he AeE, v ZA HAg JHYEA HA o
g2 00 HEz dudez I <A e AW
el 3 WEAe Z¥s HE ¢+ A

e g 5L o Zo] 7iedE

72 _y2 o 0)

2’ 5—'577"'17 Pma

-1649-



A71M, b s Zzt dtete]l Exjse @3
(damping)} B A (stiffness)ol ™, p, & Wote Y
olx, 7 Wite] ZAgEE FHoldh wepd, 24
@< A (5)E Fig. 29 Y& WEhHE AlAdg]
5 ojde vl 5& 1x49Heg 743
UA}z:z__,L & o]u ;{]ﬁHHL;dMo] 5;]1:](
Aol gt g oE =R}
Aal, Aol g 2LF p=pe™, n=re
7H3sHd, A ) ) 4 e 2ol F1e
g X8 4 AU

Al WA

jwt 0

d o'\ p’ _

(zz*:;z‘}’" PE ©
d’ 2 e

p+ dez-rp,,w -5~ jobj=0 )

getd, 4 6% (e FH B Noz Res
W ke 2

a oy, d
a’  cl dx2

2-2. Y SN0 Eas Yoo HL

By A% miw Q= wtge) e 4 @)L
g3} o] el ERET

4 4 4 2
(el )iy oo
0

(cocm)z hT
714, WM JFEEE ¢, =T/p, &2
Fodnt. old wjAdA Husle FHFe EAHE
Solr 7] H#AM, p=peet stAsd A (9ol
i dahd B4 Al(dispersion relation)& ¥& 4 3

4 (109 24 BANOZEE oo W9 we}
kb AFgold H5@, T 2as @E 27
22 ¢ 5 A 3, 47t A5a Be 2A B A

e oY FHQle] AFde HEL 9
vlae, k7F BiERY A4 WHEHA Fn 24
7t dojvte A& 2EY k7t Bard AeE B
Hatd A gFol Agsts AL onigct

4 (10225 H k7 dsgg 2] A% 2
& THEW g 2o

Po
Lo 11
o (11)

m

O<w<w where @, =¢,

ol .. YA F3}F(eritical frequency)E A
A= 5, YA Fag ofde] HFEHMF Ao 4
A=A galn FPdez F2s @t oA
FRFEAM),(3) T YT Adfolr}

o rle

2-2. SHHD AN SUHE = 8O0 R
tato] Ay FAAAI} Y ELAR =84
e guiAEel HeE A3 wBxal due &
o]- &3t} A ()& BHs

o T

L

o
=

<

. = JoT &

p=LF

1

2 1
where L=—,-—( d J 12)
jo

TF—p,w +s+ job
o] "fth. o7]A, L& oo ¢ et
H(point) YHHV2E HE3E MY ALR(linear
operator)©ll s FEct 4 (12)8 H#HEA, nFas
Ao e F2 utute] Ask BAGD, HFo
F YoM F2 dtutel Ao #Asn Ug
£ 4 & U

olf uide] ¢tyo] wiwte] A= Ha ¢
Yo & d&5d g5 g

A71M, (), ' A B P& guigo

(13258, vjdo] Agsts #E9 &F Y
7} dtabo] d@so) ols] A4HT UL ¢ 5
Ak, ez WE JRdAM Avgsle 489
&8 o= 7} date) Ay gz o AzEo]

-1650-



28R BRE FUH AY £ ASS ¢ £ A
o =% 9% mde ARG ggew ohjg
2794 FAANE AUAE 57 WEol
stetglo g olfojdl ASolMe @HE REE
& 3

3. 981300 YOLHE AAE

pegeel duoz Y YE
,Q‘

AR BEANE AHHoT BAEAC}
asu, AA B 25718 FEE) AA w‘-’rf&
g z71e) gehdE A2agg nEsof 3iH,

o e 43 2eAY 54 Bl ﬁh:}

olg 98 Fig. 33 ZE A7ty HEJM 9 9
=H)ol et weto]l glm Yux] He Za #@wel
HE A29102 7HAsak

RN ity S e

mAE I

-

FIG. 3 Schematic diagram of a finite membrane-duct
system
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