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A method of the low-frequency noise reduction in an enclosure by using an array of Helmholtz

resonator is presented. An integral form of equation, which represents the acoustical coupling be-

tween the internal sound field and the resonator array, is formulated so that the boundary element

method can be applied to solve the coupling problem. It is shown that the resonator array on the

surface of the enclosure can be

regarded as

impedance patches

on the boundary -element.

Experiments on a simple enclosure acoustically coupled with an array of resonators are conducted to

verify the method. The predicted noise reduction by the boundary element method shows good agree-

ment with the measured one. The effects of the resistance of resonators as well as the number of

resonators on the noise reduction are demonstrated. As a practical example, the presented method is

applied to the payload fairing of a space launcher with resonator arrays. It is demonstrated that the

resistance of resonators affects significantly the required number of resonators to achieve a desired

noise reduction.

& BE2 WA, A% Ao BF gddre] i

1.4 & o ARe ek WO 52 5 4 Ak oF F

5 o o e 28 Ao Jdo] AF ¢lFEAOl A= o7 w

DA G AL AT AFHE W L) o gu) wele) 468 F@ 279 o

Aol A 288 ANAN FHFE WAL SF L o wois wwel Arasolel e ALEs

= . el e _

=5 Alolsto] zi%‘%*o-roi_’lﬁ‘r. EE L O?l'cd ‘ﬂ_% 7] WAL o] AFEue fode] Ao AR

ZA(enclosure)®] Lt 5F RES AN 3l g g gm0 Bi 240 Zaz
= o 3F A= =

/ﬂ*\: i]:ﬂ :H:i} j’_jﬂ] 1—3‘6% 0”371. oi O]l%i]'oi o5 Tuy] wde ,\]_%(3)’ RES B SERE

TZ]-Z]L] % 3 (acoustic damping)s H-7+HA Bo A% S 98 2wy gy Hg® o

olZ g WHe AA ZA HAL Eg & o - e
WY SR wHe] A de] MRS Sl & WALA| uﬂ(ﬂao(falrlng) Hol] o3k 313 A7+ 9
p—— & 3] o) AHOY 58 5 4 g

D ey AT o] ZF kA oy LHHEEﬂTJr o] AA T

A7 A4 T 0 B 27 o] AA

E-mail : shpark@kari.re.kr 7o) 28 A7) AQst 73%’ 2 7] Zole] =

Tel : (042)860-2093, Fax : (042)860-2233 go] o8 s ARAL 2Ho] ofgols A

A3, dodedTd e d A

756/t AS RSeS| =58 /4224 A8 &, 20121



24 el Afs ag A7

=
=

2l

s

7| e o8

3

Ho
N

i
=

4% A%

=i
=

Jolon), 7] g sEse] W)

o] Wsts Hth

=
[¢)

of We 49 A% A

s}

9/]

wir

|

0
~

ol
AL

AR AG oA, WA Ao} ie] A% &

shtel #9715 a1F2A

Fahy and Schofield"7}

Alo] olF = A

g71e 5

L
o

44 o)

g

3L
[}

Cummings” 2 Li and Cheng®ol 23] t}4=¢]

QISEXN-ZF7| HiEO| et

E

2.
g

ojn

M BHo HE WHAs

A

k=1
=

0

Aol A

=
=

A5 v} gt o]

A7} 4

g

o o o = W
Ho oo N = I
R o M
ok B M =3
= Ho W‘u M% Ho _
ol < N
n_1m ,Mo m HmM ,_Wn,v ‘wo
ﬂAl Oru N R 4o
W N = &
ol o o ol TE i WE
=Taf  F ﬂ@
p T £ = T
T Mo I .
1__/| % i_- ~ N o1 =
o/ N — OE ﬂwl
oy - R o= zkp
%o °F = o T
cETE 12
! = ' op
P2 R
TEIHE L oz
oo gy RO ~
AN )
~ o AR AR E RS
anmr _ﬂn?oﬁﬂﬁoﬂﬂ
2 JiAi e
Mg o w_. T
T o Zn =T W
bl R Py WY
< o W o & oo do T
~Fp TR oW
X ~1 T - o <
<o D ORTE P A
o " ok Mo do T ER
Cx_ ) O#D o) =
o ‘_j.ﬂ % = o XM 7ol MM e]E
~ " o . N
R ETeszis
BTN Y e B R
W K = I of %u =)
(i g RO - P
B o (I < o
g x kA
]E ﬂ -
_iwm_do < HMH JJJ .@JE__AEMW
ol o AT ° 5
mnqoﬁWmu ok T M R
F -H 2o M WY
e o] o o) of b
M R R o RJSE W W
ofl B W do T TE W B of of

A Srol WdEehs &

==

Fgl OvE E
ikl =24

g
ol 9]

I
el B

o
100

ko] ‘mo
o Ho
EO OM i
pp %
nl il

= )]

-

T 3
utjwu
ﬂm%

1ﬂr .
o B

fue!

@

oj

4
=
N N

5 6(717 7"1?)

KeX
R

ojn

“(dirac delta

37k9l v det

3}
=

g

—

CICEER

-
R

eRH, 7,

=
=

function)

o]

el
=

-Helmholtz integral equation)

:_P(TR)SR

Zp(—iwé) Sy

o] =tollM= 719 JAERAS} A

L

]_

S|

5l

—~
1o

50

b 4 @)} o] 11

=

o)

ok

¥4 7}

A2 X (impedance patch)®] FHE|= 7 Aol ]

il

“

3L
[€)

KeX
R

H719] U§ #A A8l X(internal resistance), Vj

og3hul,

KN
=

Jepid. 4 2), 6)

PSR
=1

I

i

—

2 98 AANEU] Y 2 AR ¢

3, 20123/757

/AI22 A A8



e A R
A ()2 a3t 2ol 2l 5 vk AEE SATHERAE /74 39718 A&
T o, o] mEdAE I A vhFA ok
& ”W (r) - 5) &) A2EA BE Zole ~gAE AAsd
=ik D)) A% F 4 AR A, ol WFow 64
2 (5 ¥ F5(Green's function)E ©]-&3HH mrelazEd Eued AXGE 149 vlelaREe
AA AR Hy, = 7235 T-A2E éi(]{irchhoff_ oj-gsto] Ui 4& SAsItH
Helmholtz) A¥-402 TS 4= gg?. A=A olFmA e &3 R [xlol|A 3x74A] Zo)
g Uehle AAWE o AFE2 F9Y) dide) TR 2=rb VEWRE, 7 149 Ha, 297 He,
Fols AANE o, olgh dW, dZeA e  432HzE SASG. of &AM FejTel lﬂ%j—
dolel Al Bke opst ol waw DL T ATA FAR 180 2 9
JR FE e 7 A 5% BEE Ao —J———i 4
o Aagon, dEE= FWIE 297Hz FolA
C(;,:)p(g): To] BABES 359 A4S AF3IUTh(o] =
e eGn) BANE FH0)Y IUFRS Z 9F ous
/ ipockv, (r G, |7")7P(T)Tds () (reactance)®] Ws}e] whE JEF thFA] Fdth).
—/ zpockSTp(rH) (rp\r) 2 A2 LMSAFY] Virtual Lab.AcousticsS
olgste] st ARelA SHd JFRAL
W, e(r)E dAF QAN TAAolid T Jé;jl jﬁ*% :fﬂji I e,
angle)S XdsiH, =4 %‘](5)7} 1EEA Yo :ZojO]u :E_;_ E;}oqﬁlg} uszq§T1zqr;jj
g, AAWel ohd A% 18 @ BER Ghoi0 soe 1mommelh dd e
AR J%EXM Aoz 1220 mmoly}, A4 REe
Glrlr) = - Fpem, 0,2 RIZRA B 150 nme Aoz WAl oW #A e
g RAAHCIAE] WA ATEA UE W g4 1487 Hz, 2974 He, 4461 Hz2A 14
For PR, HOCEREH 5F FWIE x4 nfdEsE A4 wE S AT @,
AEEA ¥Wd H8d wW 2F T AAY A4 ax mde] &3k Tyl o AuE s A
29k A8 AR Sohs &, A oo 1 4 zae Hesy) Ya AAeLe Az 7=
Aol A o] ok Axte E ¢ des & F Atk
BALAEME § AS olitst st A8 4= Qv

3. MAZIY QB0 o8t
27| Y NS 4 o HA

3.1 M U s W

AF=A% 23 FH/19 94 BAS AALL
W olgdtel SN, 1 Astel By Ha
7] 9, u 34 AFEAsk §97) ofd)
o ol8% MY FYAYUL. AFEA Yy
FEW e 2o 4ge) AYS meldtel 4
A7k Fez AAsgon, BEEZ FYE B
W Foheel 2L 3 A2ES olgsel A4
2 AN F AT AASKKFg 1 3.
FRAYE SHoR ¥ e IWE 48T 5

325

10 315

Fig. 1 Simple enclosure and Helmholtz resonator



+F 3971 fra duAd Retes dAsgl
o &% #W71e] Yudas guds FHE 9
43l AT & e, o AdoME dudx
FHe WAs e dHE )t 2A sk
thoo] A, d9dx FHAA M dIdx
(2= 1 SHAe] He YudaeA, 979 &
o] dodx(Z,)%

2] A= Zp/ Sy (N

o #AE AN e webd A @A o 4
QR Frold 54 g o 9
o] ALga7] lsAE WA Ao a9
& wAd JuEs A7) 24S $7ks

hltt
o

e,

2,

c

—ndoh‘.]ﬂ
32 O fo
ol

H

dn et
Ay g 1z

e L o o [ 2
o
ox 12

32 My =

Buig i
2L
>
2

7] & Yol 9k PET #lo]
4719] FH7|(HR9~HR12)E #1238},

Table 1 Properties of 8 resonators(lower resistance)
and 4 resonators with PET layer in front of
the neck(higher resistance)

Peak Max. Re(2)
frequency absorption

(Hz) coefficient Po¢
HR1 292 0.83 0.44
HR2 294 0.78 0.38
HR3 300 0.74 0.34
HR4 296 0.81 0.42
HRS 293 0.87 0.47
HR6 292 0.69 0.29
HR7 292 0.83 0.42
HR8 288 0.9 0.52
HR9 298 0.86 2.2
HR10 299 0.86 2.2
HR11 297 0.79 2.7
HR12 295 0.82 2.5
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having lower resistance than pyc

Number of NR(dB) NR(dB)
HRs(volume (measurement) (BEM analysis)

fraction) 250Hz | 315Hz | 250Hz | 315Hz

1 (0.16 %) 0.1dB 24dB | -04dB | 24dB
2 (0.32%) -0.1dB | 29dB | -1.0dB | 3.7dB
4 (0.64 %) 0.5dB 38dB | -1.2dB | 47dB
8 (1.28 %) 1.0dB 39dB | -0.8dB | 52dB

Table 3 Noise reduction(dB) by the resonator array
having higher resistance than pyc

Number of NR(dB) NR(dB)
HRs(volume (measurement) (BEM analysis)

fraction) 250Hz | 315Hz | 250Hz | 315Hz

1 (0.16 %) 0.9dB 1.9dB 0dB 0.9dB
2 (0.32 %) 1.0dB 1.9dB 0dB 1.6 dB
4 (0.64 %) 1.4dB 3.3dB 0dB 3.0dB
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