%639 5 3 M B % R Vol. 39, No. 3
2014 4E 5 H ACTA ACUSTICA May, 2014

ST AR B 2% R B S R TR
XigE  AEE  EAK

(FeR® REZEEVREREAZRE X
2012 4E 12 A 19 HIF)
2013 4£ 12 A 9 HEHR
TE IR SN LIRS A E A IRBUA AR Sy, T AR M JCHER AR AT TN s, R T PR S RE, 7
FAEREBIENIEM b, FIH—4Eirri @ T A T ik m —4e @ E8AL, 12 o B AR E WA SR
AEREBIE, FEETEZBERETAEAX, RABINEEE S EBIEREM -G IEARE, 150 SR SRR
BRZRSIR S ER T R LRI RMEE 2 Hz YN, HBRTAEEMITESR. REPERERERERES
T —ZERBAT TR BE, DT T LA bR 4R i e ) T 00 SR TR S50 b 2 25 i85 1) TR P
PACS %% 43.20, 43.50

ERER

100084)

The acoustic performance prediction of the Helmholtz

resonator with a conical neck

LIU Haitao ZHENG Sifa LIAN Xiaomin DAN Jiabi
(State Key Laboratory of Automotive Safety and Energy, Tsinghua University Beijing
Received Dec. 19, 2012
Revised Dec. 9, 2013

100084)

Abstract The Helmholtz resonator with a conical neck, which have broad acoustic attenuation band performance in
the low frequency range, have no accurate analytical approach for the acoustic performance prediction. To investigate
its acoustic performance, a general theory model based on the one-dimensional analysis approach with acoustic length
corrections is developed to predict the transmission loss (TL). A segmentation method is used to calculate the acoustic
correction lengths for the sound propagation in the conical tube. And then, an approximate formula is provided to give
correction lengths for conical tubes with different geometries. The TL results obtained by the general theory and the
acoustic correction lengths are compared with the results from the finite element method and experiment, which show
that the deviations of the resonance frequency are less than 2 Hz and experiment, which show that the deviations of
the resonance frequency are less than 2 Hz and much better than the results from one-dimensional approach without
corrections. The method of the acoustic length correction for the conical neck, greatly improved the accuracy of the
one-dimensional analysis approach, which will be quick and accurate to predict the sound attenuation property of the

Helmholtz resonator with a conical neck.

PRI KA XL BUR AN, Selamet HI Leel BF
T T BA R B R M A 25 T AR B A A YRR, K
BURER B BE, TR DA B 52 AL AR/ N 2 0 S 4R

ol

£l

TR B W= e, bR A 2R LR A B B
ARSI A OR B, BB Bk B/, )
ZNRTEEHEERST. EHRNINFZ2E X5
BRI BN G S B R 2 A HE HES 7
AT T URABFSE. Dicky Fl selamet?) BF53 T J:4R 28k

* EZERRFES (20121302013, 20131308965) ¥EH)

TR IRIT R A B AR AR PR A R . Griffin) &
PR3 5 o RS L 2 25 48 T DA P A 9 A 3 R AR

Xu F1 Selamet®) 43#r T 0] LAFRAG B A~ #4326 451 O e
BRI NGRS, T, Wang Al Markl® BF58
T ARSI 2N L IRER M TH A S50, DLIRTS



354 B2

2 Eird 2014 4E

B GE U LA SR AL B Ak

F T IR B ER IR 2 A SR A% 0 18 7 454 1E LB
N7 2 2 B2 T S R R R, 8w R L RAR Y
AP A EERE L. Tangl™ Fid 505 & BUH HEE
R A ZE I RAS T LA BF RS AR, Tang
TF S 93X Bl 4548 B R 2 /N F IR RGE, SRR
BEA B FEX FhILAR AR B 25 45 0 T 7 ik

Y, ERIMEFERBERT ZMEER AT
FIk, WYk B0 ok B =4
figtrik 1O =4 ROk BR LR =4 Rty
e 2l L — SR AT T IRAR N A = L
Mrik, BETREAHNEBEEE, AL PR T3 H
FEEER AR IR BR . H— 2T Ik B T R I ZE AT
AL m O LSRR R, AT RSRS
Hys a2 R AR EREBER
INERBIERH FEBSH R, DR —4E7758
TR 1 Kang 1 JilM $@10 T 2T kA
PR 2B ERE AR, Hit s R s
—HARTU X ERERY G, AU —HEEE
AR BB IE SR, F TS B T2 S0 A ok 4 2%
FERAr AL 13 BR B T 7 3%

1 IR SO 4 25 3 il — AR BT
A
Pl 1 % T BT A A AR 2L R AR
R TR RIS b o DU AR T A R,

EEEHRIEEIE @x o) KITER . R AR
SEA A BRAR MR, BETH JOPREHE HoA 4 % M PR

R

B 1 SETESTHOM 0 2 S R

B 1 e pEFEEDK, ro AEEEADERE
AL, ro NHRE OB AR, r WERETE
7, L ARSI E, L ABERKE; C M Cy
SRR B TE LI NSRS E, Dy AT
BHFEE, Ay 1Ay S3RRHIEE MU @ 7 FIE R
PR A E, By M1 By BN ERAHT « I7
T 1E [ R P AR 7 . A5t TR IRy

AR A SCIF T B AT
1.1 $#REFER
B 2 R E SRR, Hf va HBRETUR
BINOBE R, v ARETEE] H 0BT 8
FER.
XTSI, R E T R R p A2
R B

DPin o
Uin

ﬁ\::{j Din %ﬂ Uin ﬁ‘%‘]j@)\m E,{J)::EEE*HEJQ%E; Pout
I wous 4350 9 H 111 A0 i P SR B A AR,
sin(kly)

Ci1 Ciz
Ca1 Co

Pout ] ’ (1)

Uout

Ci = Le2 cos(kly) —

Tel Zerk ’
012 = jp000$c2 sin(kll),
Zel
J%c2 .
Co = sin(kly)—
POCOT 1 k2zc1x52) (kh)
jxc2 Tel
1 — —)cos(kl
(1= T cos(kL),

Co = Le2 cos(kly) —l—j% sin(kly),
x5k

Tl
po AT, co NFEE, k HEEL.

Bl 2 SRR R
F T TR A B L v i 2 AR ALY, R
TEA R 1L B v 227 A W I AP T g A AL 191, {7
HETRAE PORY 7 AN AT U T A 4, T O 2
UCRRTE BT, A 3 PR, [T 2 T e
M (1) SRS BRE. TN A 2K EBIE
RTINS R D/ N SRR ZE WY — Tl ] 52
FA 73 ), A SCHA SR FH P 2 BE A I 23 B

TEAE T A 1A T THT B R
AT 3 278 AL 8 T 3 AT LS B S 8O A T
TRIZRI S BB i 5 071, e B S0 BN
/N SRAE B IL SR, 5 RS il N AR AT Ak A Y
o [ 3 T 9 P S 25 S AR S PR TR A P B e B
T T N SR AR AT A0 7 AR Y v B 3 T T



3 34

PGS IE B EFA B IERE RSN, HMGHE
HEFRAE IR 1 A R B IE R R

Bl 3 IR A A (i 240 H)

HIOR TR W R T AT R R, R
BOE A SR EE, TR B MERLM A —4
FRATEIE, N 4 PR, HA 7 AEEE n B
B AR, TEA ST IR RIAR A5 #ik (SM) .

Xe1 N

Bl 4 HERESE AR

P Zead RRAR B 7 AR R B A RS, AR
HAFHOH SRS 517 JeAR @Um AL 25 # 2 ik A
B 5 B, b PR P Sy RASETE SR A
FALRINST R AR, Py fl Py 43 R 588

AT H 1 A0 F 375 S5 7 R S 5 7 I
Pl .
,,,,, Pl
< P

B 5 RAREFEEEHSENER
TERZHREAL, Sk ZmeHRx(2) R
s [14],
7 (14l
P1,0 = P2,0 + Zal1,0, (2)
HA, po BREEEIHALDE (0,0) MESE
FE, p2o & HH (00) WERSHEE, Z, BER
e ) SE AU B E PR, w0 AFERA D

RS HETE SO MR 2L LR A 2 P AE BT 355
b PR B
A (2) AEE MR R E A
Zl = (g_;) Z2 + Za (3)

H Z, AR BEAOWETE, Z, EEHO
HIBEPTHR; St AANDEE, So b OARm~A.

ERFEHETHE - PR AT EFERER
E Bl

Za = Jpowd, (4)

Hrhw Z2APIR, ¢ AEHBIERE.

FETRAE o 3 LA S 70 B 2 (8] 1) 58 728 4 T A 7 22
12 AR B THPTRIATIB IE . B — MR B 1 HETE
B ER N F, WE— /R ER Ac =
IL/N.HEFEn FAEn+1 F (n=1,2,3---,N-1)
2 1) 578 T fy BELE A -

Sn
In=|5—1]%n Za(n)

HA Zoy) B n RIS n+ 1 Fr 2 Ja #4885 A B
WIFE TEGEs, AREI (6):

S
Zy = (—1) ZN + Zae, (6)
SN

Hrp Zoo AREBHRE RS AT, B,
N-1 S
Zae = a(1) + Z |:< gl) Za(n):| . (7)
n=2 n

BRAZE (4) AKX (7), IR BB A 218
IEREE:

5c=51+§ [(SS—) 6n]. ®)

ERxt g AR R P 2 454, Kang A1 Jil)
YeRATITIEER T RABRE SR EBIE, 4R
BRYHEH DR BT 1R, WO AMERK
BEX T R BB R R B R A T DL 2,
M, X4 3 By iU AR BUH AW A A B IR E
K Fil Kang #1 JilM 38 H A3 UM IEA R PEFTHHL.
1B IE RB L RB Y-

6 T
ari,ro) = — = 0.8216 — 1.0920 (—) -

7 To

o\ 2 o\ 3 19
0.1091 (—) +0.3795 (—) ,

To To

9)

Hta=0/r; RFEFREBERR, rn RREEH
BB DB AR, ro & LA AR,



356 B

2 Eird 2014 4E

Xt THERE 2 BUE S n BT AR R

7,z fat=Dae (10)

Al
B (9) M= (10) AIR2E n FRIZE n+ 1
2 () GEAE T P 2B IR -
On = (T, Tng1)- (11)
R (8) M (11) BT 4575 3 9% B Ak TR
HWEEBIERE 6. . W (8) Fr IF thor# B
BN RPN ERIRER B IERENEE, A3
2.1 TN o3 B BOHOR AT TR AN S A7
1.2 $#RTEHBELIIRENEERE
BT RILRE B R, LA O &b

] i s ORI B £ 338 e 7
R R

HA po—o Ml ugy—o EILIRESTIBH FEBEEERL
BETH LD 7E TR AR, puat ATy SR ILARES
JES PR T b 7 AT B AR [T0) A AR
TRAE N 1 S AT A4 7 2 e B A I A3 R B 1),
[To] RS2 K E B E MR, (1]
SRR TSR ) 11 B S AR AT AL R 2 A
T g 85 S e A 15| [T SRR A 1 A M T 2,
SEARES M R A R

A(J)r + Aa = Pz1=0;

1
—(14(;r - AS) = Uz, =0, (13)

Hot AT F1 Ay JRILARAR S L1 4 1E [R5 1 7
WAL A I TRAEL.

ATTREHES:, K (12) Fag e i Rk s
LUpIZW

Ah By,

(T1][T2][T5][T4] = c. Dy |- (14)
W R AR (13) fRAR (12) HE[ R
AF = Ap + pocoCh (15)

A = pocoCr 0

FH 3 T RN LR A T 3050 58 B T AL R R 42
FRBUE B L B B (15) A8 B4 5
RitH A
Chpoco _

TL = 201log,, oA
h

1+

(16)

2 HREFFBIEKE
2.1 SEIBRMEIRH

SrEIBE N K, 4 HIBTTE BT B IR 2 A
FRMPE MR ELILR, o KB Em I AE %
BIERE. Bl 6. BEE 7 # BBy g ek e 8o — 4
HE R

SRR AR IR B S, IR —
RN HEE WS H#IT . SRS
AT H TR 711 =0.03 m; [; =0.1 m; r12=0.04 m ~
0.10 m, HI[AIFEA 0.01 m . HETBE H94ERE AR A X
O =arctan((rio—r11) /1) AT B (8) FI= (11)
A AARIAREEREE B ERE, BIEKERE
o+ B By 26 an &l 6 B,

0.03 —/,=004m

- - r,=0.05m

<+ -r,=0.06 m

) —=r,=0.07 m

002F - = r=0.08 m

- N r1,=0.10 m

= N S S

0.01F "~ e
0.00 '

10 100 1000

Kl 6 #BERMARBEIEREITRAR

i 6 fram, HEE 7> H BN, A F
HERE B A B IE K BEAC SO T (. IR, BEE
HERERHIE N, FEoE B IE R B O SICH B W AR, DA
Bl 6 AT, A T RARERR A B IERE, %
R HETEAE o ) AR A i B, T ELHER A HfE BB, B
TARIR B Z . T HRIHAFHRR, et
Fror G, B B G R B EWE 7 BUR.

I |
e o | |
I |
I |
| |
= i 2 s =5 == a— |
I
— | l
X 7ol |
: L | Fant
o
|
Ax

B 7 BRI SR ER

WHE 7 TUE ), SRR 0 BR, E—E



3 34

R FETE S b 4 2 25 LR P S Y RE T 357

K. RTWAIE 6 7T, HERE AR, #RE S
BRI EZMER, HAEHBIERENERBRES
P RS, NRBUERR A H B IERE, O
H AR E N ARG BN N,

T+l — Tn = Ax - tanf < ¢, (17)

He ro BERFARISGHGHO¥R, 7 BAD
42, Az =1/N, N 2HEREFENBEG ¢ i
H 1 245 22 4 3 I PR A

ME 6 7] F/MEEEL T (r2 = 0.04 m), &
2B IERKERSCEE R, 525 e sl EE e
B r o 0 g BB, W0 mT e A /N B A 100 e A i
ST ZRRAGEH o WIME. B 6 FR/NEEHBLT, X4
Sy B BRI 200 B RSB IE K BEEE A SO
. FHAHERER T N = 200 Bp A iR
HBIERE, WE ¢ BHREMER 5 x 107° m , FT
MERFEMEE, HFERRSFHBIERE, 55F
BN HBUEEE R

12 —T11
N>

5x 10-5"

(18)

M (18) FTLAE H, WEE TR (1 4 Ak (B
rio—r11 FIZERRK), 7 HIBrE N (BUE T Rtk
B, AT 6 R E K BB, I
TR 45 FIE A5 T 1078 22 L M SR
22 WHEESBEREEAR

T IR A E K R, R
FIE DA AR (AFM) SR 208 KRR+
AR, N T T LA A LT 2
2 (19)

T 1
= = . (19)
A
Tnt1 1+ (?—QU) tan 6

M J A 0] DA 20, 44 7, BB AT ARAER (11 +712) /2 .
I,

Tn 1

Pt1 14 2(r12 —r11) (20)
N(ri+ri2)
Bt (20) L & (1), & (9) T
i_n = a(N, 711,12 ). (21)
Brst (3) . 3 (18) . R (21) AR

BIEREHHAX:

6c = [(1 + K1 Ka)ri1 + K1 Ksriz] a(N,r11,112), (22)

Horh: ,
m:(N+$$T&ﬂmm
Kg:‘N’zﬁN+1X (23)

M (22) XFTAE H, BRI A 2B IERE N
5 HETEAE W RE 1240 LA T o3 F A B RO R &R
AT BB RE TSR B IE R BER MR, R 2 1
% (SM) WA RS EE (AFM) B2 AT
t, nfE 8 Frs.

0.020 f
A'A
0.015 -
g
< 0.010F AFM(r,,=0.03 m)
* SM(r,,=0.03 m)
- = AFM(r,=0.02 m)
0.005 | * SM(r,=0.02 m)
y ~+- AFM(r, =0.04 m)
F 4
; 4 SM(r,,=0.04 m
04000 j AAl L (r” )
0.00 0.05 0.10 0.15 0.20

rp (m)
Bl 8 FHBIEREHTHRERN T
(SM: 4r 1M, AFM: SEIE)

M 8 A[LLE H AT A B A A B IE AR 3 2%
RENFENEYIG R, B L EER AR (18) Al
A (21) MR BIEREHTIH.

3 (&I A R S50

AT REHETR A HEA T R BB IR AR
RV IAZE TR B, BRI A LR 454 T S 5L,
AR AR AR B P R B IE A A
HETB 8 P 2 K BEAB IR W 7 0k DA S = 4R B T 77 k3
TR 1 AU SEG r11 = 0.03m, r12 = 0.08 m,
L =01m, Iy =02m, m = 0.08 m; & 2 4JLf[=
: ri1 =0.02m, ro =004 m, 7o =006m, [; =
0.08 m, Iy = 0.15 m ,

NE 9 FTLLE ), WHBE AR EBENT
HARYE FEM 1R RYG RIF, WAIUTSEOT
HEERWILIRF R R EAR L 2 He , AEIBE R
2REBETHERES FEM {HHEREERK,
&l 9(a) HFZE 17 Hz, & 9(b) i # 7.5 Hz |

BN T R, SRS 1) Xt ek
T TR BURERINR, #H—PRIETAEE R, FE
B RZHmE 1 PR,



358 i 2 2 H 2014 4F
1 LRBHE

eIz Rt2H FEBH
a = 0.0735 m
r11 = 0.025 m B : 25°C
r12 = 0.0788 m A 1 346 m/s
2 = 0.0788 m W 1.16 kg/m®
1 =0.1110 m
la = 0.2037 m

TL (dB)

0 1
100 150
HiZE (Hz)

(a) % 1 HBH

200 250 300

160 180 200 220 240
i (Hz)
(b) %5 2 MW

B9 REHIENER LT

B 10 ATLVEH, HHERE A REBIERT
FWINESARTH RUL LR ERY G RIF, LR
BRMEYITE 2 Hz YA A RS A B 1R
WHINEERMERR, LRBUEMEN 16.5 Hz
KT, HEBE AR EBIER S TR LR
B BUR —YETH FORG L.

60

o o S
sol b BT
Lo - WRATEE
40+ g o RHEEREEIE
a 5\
E
un |
[
0 L 1 1 L 1
80 120 160 200 240 280

i (Hz)
B 10 SRR 5 (TS A HE

4 HEp

AR SCHESL T 7 HE TR S o 1t 22 L il i — 4
BIETHFARA, XHZILIRE LR BURHES T I, B

M2 R = 4ERAE T D R St e MR 45 R AT T X
. EBERWT:

(1) R EREA T T o0 80 BESOW AN R
HIHETE A A F B IE R AR B S L, RS T
oy B BB B G B AR B ST T HER A A
FRIEREHAARX, HHEAR G ERE SR Y
7 RAF.

(2) FIAAE 2B IEREREMITREARX, HHHEHE
S IR A B e k. HAMRITA R U KT R
RIHERN, RSB IES R B T AMBIER
HRER, KRR R EBIETHIkRE
B T 4RI R, O R B L RAR i
REBF TR AL T R 7 ik,

2 £ X W

1 Chen K T, Chen Y H, Lin K Y, Weng C C. The im-
provement on the transmission loss of a duct by adding
Helmholtz resonators. Applied Acoustics, 1998; 54: 71—

82
2 Dickey N S, Selamet A. Helmholtz resonators: one-dimen-

sional limit for small cavity length-to-diameter ratios.



3 34

R FETE S b 4 25 LR A P S Y RE T

359

10

Journal of Sound and Vibration, 1996; 195: 512—517

Selamet A, Lee I J. Helmholtz resonator with extended
neck. Journal of the Acoustical Society of America, 2003;
113: 1975—1985

Griffin S, Lane S A, Huybrechts S. Coupled Helmhotz
resonators for acoustic attenuation, Transactions of the
American Society of Mechanical Engineers. Journal of
Vibration and Acoustics, 2001; 123: 11—17

Xu M B, Selamet A, Kim H. Dual Helmholtz resonator.
Applied Acoustics, 2010; 71: 822—829

Wang Xu, Cheuk-Ming Mak. Wave propagation in a duct
with a periodic Helmholtz resonators array. Journal of the
Acoustical Society of America, 2012; 131: 1172—1182
Tang S K. On Helmholtz resonators with tapered necks.
Journal of Sound and Vibration, 2005; 279: 1085—1096
Munjal M L. Acoustics of ducts and mufflers with applica-
tion to exhaust and ventilation system design. New York,
1987: 42—85

Chanaud R C. Effects of geometry on the resonance fre-
quency of Helmholtz resonators. Journal of Sound and
Vibration, 1994; 178: 337—348

Selamet A, Ji Z L. Circular asymmetric Helmholtz res-
onators. Journal of the Acoustical Society of America,
2000; 107: 2360—2369

11

12

13

14

15

16

17

18

Tsuji T, Tsuchiya, Kagawa Y. Finite element and bound-
ary element modeling for the acoustic wave transmission
in mean flow medium. Journal of Sound and Vibration,
2002; 255: 849—866

Mehdizadeh O Z, Paraschivoiu M. A three-dimensional fi-
nite element approach for predicting the transmission loss
in mufflers and silencers with no mean flow. Applied Acous-
tics, 2005; 66: 902—918

Eriksson L J. Higher order mode effects in circular ducts
and expansion chamber. Journal of the Acoustical Society
of Americal, 1980; 68: 545—550

Kang Zhongxu, Ji Zhenlin. Acoustic length correction
of duct extension into a cylindrical chamber.
Sound and Vibration, 2008; 310: 782—791
BB, Rk, H/NR, X, K S R —
HBIEHTE. FHH¥FER, 20115 36(6): 652—657

Tao Z, Seybert A F. A review of current techniques for mea-

Journal of

suring muffler transmission loss. SAE Noise and Vibration
Conf., 2003

Alfredson R J. The propagation of sound in a circular
duct of continuously varying cross-section area. Journal
of Sound and Vibration, 1972; 23(4): 433—442

Utsumi M. An analytical method for expansion chambers
with continuously varying cross-sectional area. Journal of

Vibration and Acoustics, 2004; 126: 173—183



