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Fig. 1. Concentric circular expansion chamber with

extended inlet/outlet.

2% ) {7 18 7 9% ) Helmholtz J7 72 [Pl
V2P + k*P =0, (1)

Hrb kAW, W k=w/c=2nf/c, w NI
H e NFEH.

X2 e TR, 8 A A AR R
Helmholtz 77 2, FF H 4 8545 & 1 J7 v 7T BLAS 2
EE N AR T R IE N

Py(r, 2)

= (St sy a0, ()

n=0

Ho POy S KA T, @, (1) 2RO 5 AR
AL PREL, K, 7Rl AL

A, W R RIE AT LS 3 5T S RSl
Us(r,z) = L Z k(S e ihanz g giban?)

w
pPow =

074301-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

X Dy (1), (3)

K, po ATAERE.

T A 7K 9 A A, EGEE D AR Sy )
AARR R IR S, 23 AR B A DX ) 75 I AR BR 2R
ST

XA, C, ENGE#E A B, HAE R
] AR IR A

DA n(r) = Prn(r) = Jo(anr/ar), (4)
e (r) = Jo(amr/az); (5)
X3 B, D ANMIEETE, HANMERE AT LRR N

Dp (1) = Pp (1)
= Jo(Bnr/az) = [J1(Bn)/Y1(Bn)]Yo(Bur/az2); (6)
A, JoRARE—ROM WFRIRKEL, J, RonFE—
FK1M NFRIRREL, Yo RnEE R 0 M DI ZE/R R L,
Y1 RN M WFE IR R
O, B HIBT SR AEAR [ (030 S At vk i -
Jo(an) = Ji(an) =0, (7)
J1(Bnar/az) — [J1(Bn)/Y1(Bn)|Yo(Bra1/az) = 0.
(8)
B XIS n YRS 1) b ) O
kA,n = kE,n

_ { k2 — (o /aq)?, k> an/a (©)

k2 — (an/a1)?, k< ap/a
kB,n = kD,n
_ k2 - (Bn/a2)2) k 2 Bn/a@ : (10)
- (/Bn/a2)2a k< Bn/GQ

k27 n 27 k> n
{ Cofeal, k2 enfer

k2 — (an/a2)?, k< apn/as
F 1 75 2 A A T S P B T Jo a5 9IR B0 TE R
%, el
Up = 0|Z:—l1 a1 <1 < ag, (12)
Up = 0|:21,41. a1 <7 < ag; (13)
MR A 75 A5 2k H O T S R R o T R A, AT
DREE
Py = Pcly—0 0<1r<ay, (14)

Pg = Pclaeo a1 <7< as, (15)

Upn=Ugl,—0 0<r<a
A= Uol=o Lo
Ug =Ucl,=0 a1 <r<as
Pg = Pclom, 0<r <ay, (17)
Pp = P(;|Z:lC 0<7r<a, (18)
Ug=Ucl,—1. 0<r<a
B = Ucle=. (19
Up =Ucls=i, a1 <r<as
1) 14 B T 320 57 2% A T 45
B = B, e Akenl (20)
D, = D;f ¢~ 2otz (21)

FE 5 2 1A 19 322 T B 37 LAAR ML F) AR AIE R #0072
25 € X SROR R 7y, JE ISR ARAR 20, T LIS 215
ﬁ*%%ﬁ%ﬁ%éﬁﬁ’]?ﬁ 4 [s0-321,

(AT + A7) (Pa,Pa)s,s
= Z(Cj; + C;)<¢C'I‘L¢AS>SA7 (22)

= > (CF +C)(@e, B ) s (23)

n=0

Z ka, (A} — A,)(Pa, Pc,) s,

+Zk3

= ke, (C:

2 (@B, Pc,) s,

= Cy )P, P, ) scs (24)

o0

> (CfeHkenle 4 O edhenle) (o, D),

n=0
= (B + E;)(P5.PE.) S (25)

oo

> (CfeHkenle 4 O edhenle) (@o, Bp,) s,
n=0
= (Df +D;){(@p.Pp.) s (26)

Z ki, (Ey — B, )(®p,Pc,)sp

+ZkD

_ + o—jkcgle
= ch(Cs (§] S

2 (@D, Pc,) sy

— Cy e kel )(@e, dc, ) s
(27)
PLETRRASHSMN + )M EEEIREME R
(At A B, CH Co, D EX E-), it n R
B 0 1) 3 & I N SR, AT TR

074301-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

fift, BUOLIRME AL, WA, Al = 14} = 0(n > 1);
2) th FVE Ab 93 P OR I, AR RO, B,
(B, =0n > 0); TRESEKMERLNHEN
6(n + 1), AT RMETTFEH, 7T LK TC RS AL
Wi A PR, X s = n = N, AT L1535
6(N 4+ 1) NRIEM6(N + 1) N, R LTy
TR, W] LTS B0AH B S R R 3L

2.2 1EBIEREFEBRIRLITRE

PRV N VRIS 140 8 0 N A% 476 1) 2~ T (0
B A S BB ), IS0 N R H 10 Ak 1 7 i
RRE ] DL AR IR T K 3RIA:
T Tia
151 T2

PA PE

(28)

pocUn pocUx

VY 4% 2 Hn] DASE A FH P A AN ] F S
AR ISR e 1) R H AR IR 5 SR A 0,
B (B = Eyn > 0), i LLRARH Ty ATy 2)
et AL R0, BV (B = —E;n > 0),
A BLSRAEH To A Too; B

Ty, = Pa _ 1+ Ay
Pg 2E+
(Ef =E;n>0), (29)
Ty — pocUa _ 1-Ay
Py 2E6"
(Ef =E;n>0), (30)
Tiy — Py _ 1+ A,
pocUg 2Ear
(Ef =—E;n=>0), (31)
Un 1-—A;
Toe = U~ 2E6ro
(Ef =—E;n=>0). (32)
W W A L 13 B AT 2 i AR B S TR AE &R

HOTREA T, SKRAFPIIR, RIVA]SRAG A 328 RE B o L
Pk 24
AR AR AT A 3E S, B SRAR AR S MR 21 2L
A DAAS B LA 7 A ) AR S A K
Py
TL = 20log,, PE
X m RS HEAD (B PR A S0, BRI A S R R
AR N

= —20log;o |Eg | (33)

Ty =T™; (34)

TSNS L EAE N

1
TL =20lg <2|TT(1, 1) + Tr(1,2)

+Tr(2,1) + Tr(2, 2)|). (35)

2.3 EFmAERTRITESE

TN T ERAS UL VAT AR VS A g AN T
D ) A% 356 50 ¥ 454 Bloch & B, AT DL 75 8% —
A4 TR RE T A BT B 2 Bos A B HE
ME R RS,

B2 §rokEiHSE G E TR E R
Fig. 2. The phononic crystal pipe consisting of expan-

sion chambers.

F ot 1 o 433 27 5 A B 576 o 0 1
T e P O, 1 ORI ) 2 ST (59

+ +
(pn-l—l SO’I_L
Xt IC PR JE I %, it Bloch #1757
+ +
(P:Hl — eiga “n 7 (37)
cpn—i-l SO’;

g A Bloch %, a Ay fi ks W&, T2, l Lk My
EIESS
|T — e'9°I| = 0. (38)

SRR T RIS, BT 5 B R 5 AR 2
[ ) £ BIR 2R.

3 HPIR AT
3.1 TRBHAEETLEY

DL 3 Bz B R AR A ) B WA R 9 5k =
AN, B et IO R Re T A . Y
B/ BAKRERSE Y #HOER AT KEEHR
ANdy = 0.0486 m, dy = 0.1532 m; J K =EKE N
L =0.2823 m, NHEEMKE 5581 = 0.08 m,
lo =0 m; R Ha = 0.6823 m.

074301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

L [}

[ 1 ;
ol de
]

[}

1

1

[ J
ot
K3 Bl Y TR R P A A T A R

Fig. 3. The phononic crystal pipe consisting of expan-

L
[ [

sion chambers with single extended inlet.

K Z4EJTA S, AT LS 2 & 4 B i) g
Y SR P AR IR S A AR s o AR 1A 7S % R
PR I AR A, T8 R 78 DU s X IR 400 2% 7 9 [
TR, HAELK/NRR PR 9 55 . M R] A
&, 72000 Hz i B A7 AE 2 AR, o] AAT 2L
b AR B A IR AT KT AR R RE, AR RIBL
7 R 7 T AT DA R AR 7 (1 s o
BE— B HOBT TR LUA B, o S5 44 (4 R YT A 1 5
B PRI AT A S ST R T 1 R AR 2 B AT B R (1
T RHFEER 22— BT AR A g ), A AR i A2 -

_Be 5_ .

TS AT A5 AT R R B 1) 7 B O AR 4 i)
N 249 Hz, 498 Hz, 5#gr &5/ B b ar s A e X
ORI R O A % 231 Hz 5 481 Hz A4

2000 T 2000 J

1500 1500

)
5
: ; H
)
D

Frequency/Hz

500 500

G

F

0 0
-1 0 1

(=)
[\
N
[=2]

Re(q) Im(q

)
B4 RS ULRCVATH SR 5 48 7 T A R IR Re i 45
o]
Fig. 4. The band structure of phononic crystal pipe
consisting of expansion chambers calculated by two-

dimensional method.

MR HE 8 1 AR IR BT LA Y, A 940 Hz [
LT IR0, XN I RIE B K, BRI A
B S ek AR 7 Kt (1 o 38 1 2 78 ) SRR A
BB B A SR T 5Kk = N IR IR AT oK.

V1 5 i FE] 6 43 51 99 940 Hz BF (515 75 45 140 4 140 75 J6
LR Joit s gk 3d o3 A B, ) LUA Y, 7£.940 Hz 1, 3
B PN A RN s s AR AENEE S
3 2 1A A 1K 388, T A 75 P R o 1.

Frequency(94) = 940 Hz #fi: S5 EY (Pa) x 104
2.0

....I!IIII.... v
Nos

0.4

0

5 % PIERAE 940 Hz T 7 oA
Fig. 5. The sound pressure distribution in the muffler
at 940 Hz.

Frequency(94) = 940 Hz T _E#7k: FRHGERE

=%

1

6 THFE S PIHELE 940 Hz T I AUH BE 5y Al
Fig. 6. The particle velocity distribution in the muffler
at 940 Hz.

3.2 AIRARHERFT

BARRIE A & T RIEE LS 2, e
Hr G AR AL T O R A T ST R A, (ELSEFR AR
(R B A e AT PR A Y.

-

BT AR S

Fig. 7. Pipe of finite periodic structure.

Bl 7 9A BRI I N iR 5k = T iR
R MR R B, R 407k, s R
m = 1,3,5 I FfE SR, WK 8B, W LUE H,
TEJE AT 2 5, A s A 2R B LK (%) A% i 3 ok [X 45
Lifear g5 i B ) s BRVS R AR & i L @it
5 AN 75 B T P I RET LT LR B, Bl R A
HEAT 9 75 2% BRI N, ARRok R SRR 1
FAHE5E, JEHHAG 2 5 T AR S AN A
IRKHIZER]. B0, 7€0—600 Hz, AW H 2 HH
— AL, 7R R A 2 5, T A R
1B 22 LN B g, 17 HLOE (A AN e 38
TR RHEETE. E 8001000 Hz, BEE FE HAKL 14,

074301-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

HT SR 5172 AR 75 2 U F D AN 9 7 7 58 A B
wam.

e 2D Mt U R Y A R AR O,
75 & (transmission loss) i i R L (transmission

coefficient) 1% A&:

300 T T
n =
250 i mes
IR ii —em m=5
0 T~
3 I
7 200f It
@ Y
e} i
- i
g i X
2 150 ) Pk AR 5T
F ftrest ) |
§ / \ £/ \\!!i/'\\- / -~
g 100r : ) AT A
~ N / Iy i ! \
= NN i, W 1 \ .
sy i i‘.‘/ AN N
50 il /"\\-. f/’\ Vo i |’ \\'- !F.‘. ,"// N i
AR T AT SR IR
12 l' Sl e A
| . L i i
0 ! A . . yo
0 500 1000 1500 2000
Frequency/Hz

K8 THEASULECIETH SR IR P A 5 T R
B AR R

Fig. 8. The transmission loss of phononic crystal pipe
consisting of mufflers calculated by two-dimensional
method.

e —
1072 AN ;//'
= NN /
2 \ N yai
S (RN S
& \ N 0
Tt e S
o \ S~ - - ,/
5 \\ T /_/'
& 6 /
=107 N !
§ AN — m=1 /
= -————m=3
8
= N e m=>5
1078 N
100 150 200 250 300
Frequency/Hz
10°
R (b)
3 . %
£ 10-10f e o7
g -~ e ;
o T~ AN ,/
(=] TSe—ll \ /
2 Tl v/
p - \
@ 10201 '\»\,\
,E ~.
n
: —m=1 j
g ——--m=3 \ il
10-30F m=5 ‘.\\/1
800 850 900 950 1000
Frequency/Hz

B9 A BARTEE A SN R () — ARk B
(b) R IR R

Fig. 9. The transmission coefficient in band gaps:
(a) First Bragg band gaps; (b) locally-resonant band
gaps.

TL =10 1g(1/t1), (40)
t RN RA, WA
tp = 10(-TL/10), (41)

PA—Bi A e g 2l B AN R S LR B A 48], 43 i)
g H P P AT 6 T PN IO O R A 2k, v T RoR
7 I AR K A AR D, AR BRI £,
Kl 9 B,

M AT CUE H JE 18 & TE A h A i BRI Y
FE I A TE JR 3 e i iy BT R Y R Y, 75 U BB B &R
HERAR /N, I BB A 3, & R R 4R
ok, o, AR A BRI SR I AL T O A
PRI, 17 JR S LR T B ) e R ZE IR AL T R A e
Ak, o EGIE BT DA B JR 3 R R A 3 ] P 119 5
J83E 378 K T A B B R VN RS L X R
BF BT 5 T 1A 78 1 o A B T 5 35 ) ) s El A R
REPESIRC Y, T A2 BT T 28 N B BT R e 5
HELIr.

4 B EBAE 5 SUE T
4.1 BHERYENE

N TR B IAE RS TCEL VAR T S
P75 T AR BT R A AERA P X RTIR 7R A
B, 530K P — 4P T 2% B K COMSOL A
PR JCvETHE L RE AT 451, IF5 4y AT X B
3.

ME10 (a) ATLLE Y, 3T P s 2 e 1) — 4
Tt A AU AEAR AL 5 — 4 Ty ik
R, BEE SRR, P ENR R, B
SR A R A R AT R Y R &b, R VEAR LT — 4
FETREAF R A B NI . s gk
COMSOL 15 BR 7t ik 45 Xt Le Al A Y, 4k 7%
VA BR e vk S 2 A A B N 7 & L.
COMSOL iR 45 1K F, 75 1234 Hz F1 1406 Hz 4,
BRI M A B, #2500, it
SR 7H AR TE AN [RRRAIE AT T 10 P4 35 7 R o0 A, BT
DA i, 76 PR 267 B BL A, 75 28 N
W RAEY ok 5= P H BT P R IR B 5
PR RS, S8 I T 75 R A, g &=
BR T A T ok 5 N R IR RS A AT
AT L.

074301-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

2000 2000 1500
(a) L__ 4 — ik (b)
e — 8k
1500 1500
L CE TTe0000500000 T
g e — g 1000
> o =— >
£ 1000 1000 = N ]
= ! &
2 I S _/'/ 2 e
CE —] = - = 500
| ==
so0f 500f > e — |
i =< o COMSOLHWRITHE
D — e
o= - 0 0
-1 0 1 0 1 2 3 ~1.0 —05 0 0.5 1.0
Re(q) Im(q) Re(q)

E10 REEEMIITELIE () —4EJ7 VR 4k iR

LERRT LG (b) COMSOL 5 R yGIEA 4 J7 vk B s 45 st L

Fig. 10. The comparisons of band structure: (a) Comparisons between one-dimensional method and two-

dimensional method; (b) comparisons between FEM and two-dimensional method.

PHIESR = 621.48 Hz FHIESIR = 1233.8 Hz PRSI = 1405.9(1) Hz
Fi: MAES(Pa) ;MY (Pa) HiH: MEE (Pa)

—_ - =

(2)
K11 ASFESAESER 78 A

(b) (c)

(a) 621 Hz; (b) 1234 Hz; (c) 1406 Hz

Fig. 11. The pressure distribution at the muffler in different characteristic frequencies: (a) 621 Hz;

(b) 1234 Hz; (c) 1406 Hz.

350
o
300t — ZHirik
° Comsolf Rt
T 2501
1}
@ !
2 !
- 200} i
2 \
1}
2 150 BN
=] ’
2 / oy
£ 100t : Vs - -
g \\ 1 \ o I/ \\ ’
\° ’
| k e l' ‘l K “ ] a"f
50 | | VR \ fzy'
W p 'l, 11 1 ‘
0 L] L o LT
0 500 1000 1500 2000
Frequency/Hz

Bl12  —4EJ7ik 4807 A IRTTiE AR SR L
Fig. 12. The comparisons of TL among one-dimensional
method, two-dimensional method and the finite element
method.

oy A — 4 4B R e 5 A
Mgk, w12, ATRUE ), fEA T
JiHl, e Tk 5 BRI S A A A BT
A s, M — 4R E B R R ERFEE,
T AR AR LR A I ST ON, 98 7 2 PN S A T
AN SR A 1 RS B (R s e AN ] 2. B 130K
TH 75 2% A BB E 500 Hz A112000 Hz K ) 75 15 2541l 2k
SATE, FTOUE W TR R TEARAT 500 Hz 1& 2 s

2000 Hz &, ¥ 75 4% A H#AT & 8 2% (R AF -1 T A%
TR, I YRS UL AL AE NS 7870 % JE 31 b
AR AR KR, i LAFERIT FUMA i ] P AT
B T OR

(a) Frequency(50) = 500 Hz
LR MEEY (Pa)

(b) Frequency(200) = 2000 Hz
ZEHELR: ETEEY(Pa)

Fan)
K13 HAESAMAEESEMHELS M (a) 500 Hz;
(b) 2000 Hz

Fig. 13. The sound pressure contour distribution in
the muffler at (a) 500 Hz and (b) 2000 Hz.

I

4.2 WSS HR

FE A AR 285 DG FC 8 T 525 DX AR 25 e B AR
Kok, F R RS BOEATTHE, Bro N (1
U = ZEICSR A BTt 7T 03 7 s 1 RST DL R R
e B BN AN 0—5, FEAS [ [ 8 T B S N o

074301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

SR A, 2 BRI TC IR 4 T F R (— A A
B AR 1), G (— B A Sk oy B AR A
&), H R (RS IRAIR ) Ak RS R AR AL
MR LA Y, e R A BA% I 2 J I At R
ﬁﬁ?ﬁﬁi HEEE N RN, ZATELERE, /£
> 3, PIRKARRCEIRD. KR, — 4757
Z:“tiJr%I‘J%’f*ﬂ%%f*ﬂ?aEMZISE’Jﬁ%% FRIIT, AR
SIME R e ) SRS 5

4004 - - -
= =) 1
300 ‘
— AR B AR
E 2501
~
5
= 200f
150
— AR B A AR
100;\\EL\\{;itf,,,e———___;n
00 1 2 3 4 5
BN

K14 — B Aih iy B B S B BU 1L
Fig. 14. The change of first Bragg band gaps with the

modal order.

1200
1100}
1000} 1
—
N
£ 900} :
" H
= SIS H YIRS
S 800f
700}
600
500 : : :
0 1 2 3 4 5
SN

K15 RRItR R B S I HR i
Fig. 15. The change of locally-resonant band gaps with

the modal order.

5 B B R R IR A0 AT

5.1 MEEHXHEAE
FE T BT 4R, S AT SRR B
XTT‘HIE' E’]E’/

SEG= ?rﬁ&%ﬁ@ﬂ%%%ﬂ%%ﬁéz R g
R 35 a = 0.4823 m, a = 0.6823 m, 5%

Ul 16 I RETTAG . A AR UG H, 2 S s AL
SETNI, Ak BT R [ RS 3l (Hh T
TH P B IE IR SRS 10 R IR e R L AR A
T, XU ML A B T i IR AN RE AR
JEy AR R A (57 L, JHL s B Lo A 5 75
AU SEA K.

2000 ; 20000 '
PPt  ---=- 4 =0.4823 m
\v/ o — a=06823m

— \\\

1500 1500

. ] /

3 N -

E P_—— "=

§ Lopp———— | — s :

Z. 1000 1000

&

: -

I R =
ST ——— >
| Toe———T =
500~~~ T 500~ |
AY
. |
//
0 0 1% ! ? ’
Re(q) Im(q)

B 16 A [F S U I e 45 K b
Fig. 16. The band structure with different lattice con-

stants.

FEAE H B b, JATTAT DU R SR A B B
v B, SR R SRR AE R R E BV A
RE, [ I3t 1o 502 AT S A% 7 Ft F) PO B AT A A

3T A% T B R LR B A B A, b e S
PRAN A A 15 21 B BE 1T B
2000 . 2000 .
[ ER ————a—06823m
e == — 4=0425m

1500 1 1500

1000 -~~~ 77 TTTT T 1000 F

Frequency/Hz

500 500+ N

K17 SO R R RS
Fig. 17. The characteristics of coupled band gaps with

changed lattice constants.

W 17 iR, SO A% £ a = 0.425 m, 152
HREHAER, ML AT LRI, a = 0.6823 m N, ol
LR BRVE B A 726—1026 Hz, 124 a = 0.425 m

074301-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

I}, R IR T BRVE N 7761176 Hz, 77 FRY 9
7100 Hz i fq, X T M a = 0425 m, =K
AR B R R LR BRAH B S, SR T AR
Y6 [ 7] AR

5.2 BAAEEKEXNHRIFME

PRRF 91 45 0 1 @A o oA A, R A gk
Aab N A IR BE, SRR T BRI N A K R T R
GRS, 7095 1 = 0.04 m, I, = 0.08 m, 530
18 IRerr &5k, WA LLE H, AEA SR H 1
Uity PN A B BB G0 T, 2403k 11 v P e 5 ) R 1
DOIE, &S LR B 1) 5 A% 3, HLAE B FE A
T A B BRI AR, AR LG T 2603 S Ak B
KA BRI 3N, RIS IR R Ve B K. ik
AT VR, 7R S8 AR BE I, H— A b Ak iy
BREEA B A A4 A48 1k, (ERE G A 38 m, 7 B
2 [a) ) 22 2R T 3 K I T P e R AR 4L
MU AR BRI S SR

2000 2000
e E— =
_____ .
1500 1 1500 A —ceee.
e -
o - a =< 1, =0.08 m
< ]
> — — -
R e — =
e
§ [T F—. 0,=004m
& 1000 1 1000F =Ty~ -
g -
= -
500 1 500f )
== _:/
0 0 1 Y% 1 2 3
Re(q) Im(q)

&1 18 ANIR] A K BE IR AT BN L
Fig. 18. The band structure with different length of

extended inlet.

FER BT AT DU B ) 30 B e AR 3
PR R S50, 1T AT DATE A o038 A e A A L 1)
T L e LR R e B 9 e PR, [AIRE, T
DL I R 5 4 21 5 5 R L.

MBI AT LLE H, YHNEEKENL =
0.135 m i, Jedg LR B VG FEl o 571651 Hz, 1
21 = 0.14 m i, JRIRSLIRAY BRARA0F2 5, A
Rk BRAR A, A BRVE N 321641 Hz, 7 58340
7240 Hz KA.

1000 1000
800 f 800
T o6007______ ______ 600
>
o
=1
Q
=]
g 400} 400
<3 ’_/,,_‘_\
2001 200
0 0
-1 0 1 0 1 2 3
Re(q) Im(q)

19 BUHE TN R T BT RS S e
Fig. 19. The characteristics of coupled band gaps with
changed length of extended inlet.

5.3 MAAEEKEXHREIFME

TE R IR FEA b, PRI S A o A DL Sk 1 vty P 4
EREANBHIEO T, SU% Mo i A s K,
PRACRUA A HRIE O, T 7 28 FE 158 IR (1 e iy 45 4
Btk 41, = 0.08 m, I, = 0.04 m, 5340 20 K
REr £5 4.

M AT DA L, 9 s g D am A
S I, TEWE FUA 20 B P 2 B A R I AR AR
7R, B T, KA R SR IR IR AR 4N
940 Hz F11630 Hz, iX & ik 15 H 14 46
a3 51 S ISR B

2000 T 2000
1500 1500 K
N
Jas -
~
= -
§
2 1000 1000 [-
é” . J
_/_I\
s ——
500 500 [
——/_‘-\
—
0 0
-1 0 1 0 1 2 3
Re(q) Im(q)

K20 UL AR I BEH 454 1]
Fig. 20. The band structure with double insertions.
(a) 940 Hz (b) 1630 Hz.

074301-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

l21) = 0.04 m Frequency(94) = 940 Hz

(@) Fili: 37 IEY (Pa) 10t

1.0
0.8
* 00
) 0.4
0.2
0
2(1) = 0. m Frequency = z
b) ly1)=0.04 F 163 1630 H
FT: MFEEF (Pa)
x10%
1.0
0.8

0.6
0.4

0.2

0

B 21 WP IEE T 7 2R TE (a) 940 Hz 1 (b) 1630 Hz
NI S AR

Fig. 21. The sound pressure distribution in the muffler
with double insertions at 940 Hz and 1630 Hz.

B 21 43518 J 45 (940 Hz) K A5 (1630 Hz) F
TH PSR AR S R A L, AT DR, J R R
Jaal A A oA A e =T O 1 o 7 N G S 2
P 11 i A R o T K AR N R R
FH HH 1 3 P PR A R

T 3 A R T g ) P9 A R, T LS IR
PRAR SRR T B G O O
lo = 0.07 m, ] LATS B0 22 By aer 2544 . m LA
B, RGN KIE 2 5, KA N etk L 4R 45
RS2 P, 35 J fON RS G, T
SEIL T BRI B

2000 2000
/\
= =
1500 ———————— 1500
N
T
~
> T
§ P
£, 1000 1000
7 J
=
/J\
SSa—
500 500
/‘I\
0 0
-1 0 1 0 2 4
Re(q) Im(q)

K22 SR NIEE N RS
Fig. 22. The characteristics of coupled band gaps with

changed length of double insertions.

6 % W

ASCHETF YRS UTECVEAE T T NIk =
THFE AR T AR BT PR, B IRR.

1) GEAL T BT YRS DU S A B 5
w5, it 54877 COMSOL £ R 7t i1 5 45
XT LGS UE, BE T 4R A BR T S B T
PEUF SR LT BORE . AT AR Y, 4 A e SRR
RS % Al TS U — 4 J7 A AR PR T AR

2) WA K R A B A LE AT B A A
JR ISR B, AR 7 B2 BT 5 R B R A
SRR, T R IR B A BT VH 75 A R R
g1,

3) FT 4k, AT TR B
F A B A BRI s, A AT g, R R
X AT A At BR A BOK B s2 e, T AR N A KR
SN R IR Y A SR R I O AR A AL
DA% PN 4 87 K B AT DL S BRAR B iy B 5 R S L R
i BRI R, B R LR A B 2 1A A B A
H AT LLE — 58 S0 30 Bl A 4 B T B

SE

[1] Liang X D 2010 NVC 30 127 (in Chinese) [ZH% 2010
I SRl 30 127)

[2] Shen HJ, Li Y F, SuY S, Zhang L K, Song Y B 2017
J. Vib. Shock 86 163 (in Chinese) [JLEEA, 25 ¢, Tk
A, TAT, REE 2017 #R315 0 36 163)

[3] Coulon J M, Atalla N, Desrocher A 2016 Appl. Acoust
113 109

[4] Xiang L'Y, Zuo S G, Wu X D, Zhang J, Liu J F 2015
Trans. Chin. Soc. Agric. Eng. 31 65 (in Chinese) [#H1&
P, BB, RIBAR, 5K, XIHO7 2015 Aok TR 31
65]

[5] Fang Z, Ji Z L, Liu C Y 2016 J. Vib. Shock 35 29 (in
Chinese) [J7 %, Z=4RAK, X 2016 #3050 35 29)

[6] Guo R, Wang L T, Tang W B, Han S 2017 Appl. Acoust
127 105

[7] Wen X S, Wen J H, Yu D L, Wang G, Liu Y Z, Han
X Y 2009 Phononic Crystals (Beijing: National Defence
Industry Press) ppl-6 (in Chinese) [{fEE#k, ¥, i
B, EN, XIS, s 2009 BT A (dE5: ER T
Mk H ) 28 1—6 TT)

[8] Wang G, Yu D L, Wen J H, Liu Y Z, Wen X S 2004
Phys. Lett. A 327 512

[9] Zhang Y F 2014 M. S. Dissertation (Changsha: National
University of Defense Technology) (in Chinese) [7K iV I¢
2014 BL2EALI0 S (Keib: EPTREHA K 2)]

[10] XiaoY, Wen J H, Wen X S 2012 J. Sound Vib. 331 5408
(11] Yu D L, Wen J H, Zhao H G 2011 J. Sound Vib. 133

014502

074301-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://jvs.sjtu.edu.cn/CN/abstract/abstract6706.shtml
http://jvs.sjtu.edu.cn/CN/abstract/abstract6706.shtml
http://dx.doi.org/10.1016/j.apacoust.2016.06.015
http://dx.doi.org/10.1016/j.apacoust.2016.06.015
http://www.tcsae.org/nygcxb/ch/reader/view_abstract.aspx?file_no=20151109&flag=1
http://www.tcsae.org/nygcxb/ch/reader/view_abstract.aspx?file_no=20151109&flag=1
http://jvs.sjtu.edu.cn/CN/abstract/abstract6128.shtml
http://dx.doi.org/10.1016/j.apacoust.2017.05.030
http://dx.doi.org/10.1016/j.apacoust.2017.05.030
http://dx.doi.org/10.1016/j.physleta.2004.05.047
http://dx.doi.org/10.1016/j.physleta.2004.05.047
http://dx.doi.org/10.1016/j.jsv.2012.07.016

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074301

LiuY Z, Meng H, Li L, Wen J H 2008 J. Vib. Shock 27
47 (in Chinese) [XIME5E, &k, 5, W 2008 #R3h5
i 27 47)

CaoY J,Hou Z L, Liu Y Y 2004 Phys. Lett. A 327 247
Wang G, Wen J H, Han X Y, Zhao H G 2003 Acta Phys.
Sin. 52 1943 (in Chinese) [, ##ms, H/hz, BZENI
2003 YR 52 1943]

LiuJ W, Yu D L, Wen J H, Shen H J, Zhang Y F 2016
J. Vib. Shock 35 141 (in Chinese) [XIVLAH, flBOE, ik
) JLEA, FkiEiE 2016 REh 5Pt 35 141]

Wen J H, Wang G, Liu Y Z, Yu D L 2004 Acta Phys.
Sin. 53 3384 (in Chinese) [M#s, FHI, XIHER, B2
2004 YR 53 3384]

Hou Z L, Fu X J, Liu Y Y 2004 Phys. Rev. B 70 2199
Xiao Y 2012 Ph. D. Dissertation (Changsha: National
University of Defense Technology) (in Chinese) [ 5
2012 2R S0 (Kvb: EBRL AR R )]

Wu J, Bai X C, Xiao Y, Geng M X, Yu D L, Wen J H
2016 Acta Phys. Sin. 65 064602 (in Chinese) [&fi#, 1
LeF, M5, BT, ARk, dE 2016 B 65
064602]

Fang X, Wen J H, Bonello B, Yin J F, Yu D L 2017 Nat.
Commun. 8 1288

Wang X N, Choy Y S, Cheng L, N X 2012 J. Acoust.
Soc. Am. 132 3778

Wang X N, Zhu W Y, Zhou Y D 2016 J. Acoust. Soc
Am. 139 202

23]

074301-11

Wu D Z, Zhang N, Mak C M, Cai C Z 2017 Sensors 17
1029

Cai C Z, Mak C M 2016 J. Acoust. Soc Am. 140 471
YuD L, DuCY, Shen H J, Liu J W, Wen J H 2017
Chin. Phys. Lett. 34 190

Shen H J 2015 Ph. D. Dissertation (Changsha: National
University of Defense Technology) (in Chinese) [JLHE s
2015 22600 (Kb EPIRLA AR R

Shi X F, Mak C M 2017 Appl. Acoust 1 15

Cao X F,YuD L, Liu J W, Wen J H 2016 J. Vib. Shock
35 20 (in Chinese) [#heF, M, XILH, REDS 2016
PR35k 35 20]

Li Y F, Shen H J, Zhang L K, Su Y S, Yu D L 2016
Phys. Lett. A 380 2322

Selamet A, Ji Z L 1999 J. Sound Vib. 223 197

Selamet A, Xu M, Lee I, Huff N 2005 J. Acoust. Soc
Am. 117 2078

Selamet A, Lee I J 2003 J. Acoust. Soc Am. 113 1975
Cao X F 2016 M. S. Dissertation (Changsha: National
University of Defense Technology) (in Chinese) [# =
2016 2= 83 (Kb BERRHERARKE))

Fang Z 2014 Ph. D. Dissertation (Harbin: Harbin Engi-
neering University) (in Chinese) [ %] 2014 & 12471
(BRI MR T AR ACRE)]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.physleta.2004.05.030
http://dx.doi.org/10.7498/aps.52.1943
http://dx.doi.org/10.7498/aps.52.1943
http://jvs.sjtu.edu.cn/CN/abstract/abstract6143.shtml
http://jvs.sjtu.edu.cn/CN/abstract/abstract6143.shtml
http://dx.doi.org/10.7498/aps.53.3384
http://dx.doi.org/10.7498/aps.53.3384
http://dx.doi.org/10.7498/aps.65.064602
http://dx.doi.org/10.1038/s41467-017-00671-9
http://dx.doi.org/10.1038/s41467-017-00671-9
http://dx.doi.org/10.1121/1.4763550
http://dx.doi.org/10.1121/1.4763550
http://dx.doi.org/10.1121/1.4954256
http://dx.doi.org/10.1121/1.4954256
http://dx.doi.org/10.3390/s17051029
http://dx.doi.org/10.3390/s17051029
http://dx.doi.org/10.1121/1.4955314
http://jvs.sjtu.edu.cn/CN/abstract/abstract5617.shtml
http://jvs.sjtu.edu.cn/CN/abstract/abstract5617.shtml
http://dx.doi.org/10.1016/j.physleta.2016.05.017
http://dx.doi.org/10.1016/j.physleta.2016.05.017
http://dx.doi.org/10.1006/jsvi.1998.2138
http://dx.doi.org/10.1121/1.1867884
http://dx.doi.org/10.1121/1.1867884
http://dx.doi.org/10.1121/1.1558379

32 % R Acta Phys. Sin. Vol. 67, No. 7 (2018) 074301

Properties of band gaps in phononic crystal pipe
consisting of expansion chambers with extended
inlet /outlet”

Zhang Zhen-Fang Yu Dian-Long' Liu Jiang-Wei Wen Ji-Hong

(Laboratory of Science and Technology on Integrated Logistics Support, National University of Defense Technology,
Changsha 410073, China)

( Received 5 November 2017; revised manuscript received 16 January 2018 )

Abstract

Noise reduction is an interesting and important subject in the piping systems of many applications, in order to
suppress noise in the pipe, many significative researches have been done. In recent years, the acoustic wave propagation
in the phononic crystal pipe has received increasing attention. The characteristic band gaps in phononic crystal pipe
can forbid wave to propagate within the band-gap frequency range, which provides a new way to control the noise in
piping system. In this paper, the acoustic properties of phononic crystal pipe consisting of expansion chambers with the
extended inlet/outlet are investigated theoretically and numerically. By combining the two-dimensional mode matching
method and the transfer matrix method, the band structure and transmission loss, especially the band-gap properties of
the phononic crystal structure are presented. The obtained results exhibit excellent agreement with the results from the
finite element method. Then, this theoretical method is compared with the one-dimensional plane wave method, and it
is found that the results from the proposed method are more accurate within the studied frequency range. Further, the
effect of modal order in the band-gap frequency range is analyzed, which shows that the mode matching method has a
good convergence.

The wave scattering and resonance of the chamber will induce the Bragg and locally-resonant band gaps in the
periodic pipe, respectively. Further analysis on the transmission coefficient in a band gap is conducted. It shows that
the transmission coefficient decays exponentially with the periodic number increasing, which demonstrates that the
suppression of the wave propagation in phononic crystal pipe is caused by the band-gap rather than the impedance
mismatch. Then the effects of variable parameters including the lattice constant and the length of the insertion on the
location and width of the band gaps are investigated. The results show that the lattice constant mainly controls the
Bragg band gaps and the length of the insertion exerts a significant influence on the locally-resonant band gaps. Finally,
the coupling behaviors of band gaps are studied to expand their widths. It is found that the Bragg band gaps can be
coupled with the locally-resonant band gaps via changing the lattice constant and the length of the insertion, which can
give rise to wider band gaps. Furthermore, the coupling between two locally-resonant band gaps is proposed by changing
the length of the insertion, which also produces wider band gaps.

This study can provide new ideas for designing the phononic crystal pipe to suppress the noise in piping system.

Keywords: expansion chambers with extended inlet and outlet, two-dimensional mode matching

method, band structure, coupled band gaps
PACS: 43.20.Mv, 43.50.Gf, 43.55.Rg DOI: 10.7498/aps.67.20172383
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