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Nonlinear acoustic dissipation mechanism of a slit resonator

DAI Xi-wen, JING Xiao-dong, SUN-Xiao“feng

(School of Jet propulsion.,
Beijing University of Aeronautics and Astfonautics, Beijing 100191, China)

Abstract: To simulate the vortéx/sound interaction phenomenon at a shit with high
sound pressure level and caleulate the-acoustic impedance of the slit, 5 discrete vortex model
was set up. By combining the discrete-vortex model with a one-dimensional sound propaga-
tion model, the acoustic impedance-and the absorption coelficient of the slit resonator were
calculated) The'numerical results reveal that-the acoustic properties of the slit are dominated
by the vortex shedding and the evolution-of the vortex sheet; the absorption coefficient of

the resonator increases with the inerease of the sound pressure level; the frequency of the in-

cident sound has significant influence on the absorption coefficient of the resonator.

The

present results agree-well with the previous direct numerical simulation (DNS) results.
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at the right end

>0 THT AR J5 2 AR T (ol 4 N A /0N I AR S 20 B R
PR P W ZE A BRI = P ™,
TESLR 2% AL 51 I po= Pt a4
LIV iNR I

R:& Zrcsil

P Z.+1
Hr Z R e my 5 BT, B =X ) Ay 0 PR 2%
(Y 7 SRR i S BB B, B Z. 3
PR A% 04 75 24 e M i BB A2, LA 2% 09 4 BH 4T AT DA
F A AR 7 BE AT AT S W R BT 2
4
(2

o)\ 2
Horr o Sy 255, BIV . ol 4 T REURR 25 % T Al 1 AR
L. 2C2) 0 In) LA b2 G o] o it SR A5 1T Al L ok 4
175 BEHT Zo. TR W3 S &0 T AR /I fL
AR YRS PH BT e T A B 7O 2% BT LA
T T R AN P 2 ) ek 2L

A1 T AR S TR

Q)

Zii = ZLgae—1cot ~1cot

i Ze—d 27
bemom = BT AP T 7

po—o FESLHR AR I AL 51 R SNk 5 , 4%
B o, FRE T O S K B 5]
) IR i s s ml | R g

Pa—ot =— lpcocot [%L} Vay 4
D) 25 ask iR 5 5 11 (%) 75 R 22 T 3ROR
APJ;ZO = Da=0 T Da=0" =
27 ves
Ze 1P

Ap—o Ml Zy B R RABTE 1. 2 70 1Y B U AL
ARUrh gy L XORE A TE A 3 R0 LR 2% R BT T
T AR A R

D BAASA He pr AR A 2% L AR
N BB AR T BRI T B R o, RS B
Bt Zaio, IH Za AKX O3] Z A E

2) B Zo 1 v ARAK G Ap,—os

3) K 2K Ap—o ARABE IR

3

Wl
C

~+ ipcocot Vay (5



532 T

T 38 T B R B o, B BT Za s B Zai 1R
AR OB Zoos

4 EE OM DL, HE Z 8.
1.2 HEHESERNEEREE
Lo2.1 & iR )2 B ik

XF T R 5% L 3 K T 4% o L3 37 it WG 9 TN T
i A] DL e RO A R R ARl 2 Ca) L TE
WP i 5 9 2 s 1R fc 4 o 5 IO I 5% 75 D5 K —
A S5 380 4 B L, 048 BT 0 A% O 30 AT AR R AN T
JE B IR EE B 0 R el B o n R g K.
(xz > 0,2 + a5 + 2§ > =)

Pcos wt
0 (1, < 0,28+ 25+ 28— )

(6)
TEASF A B A PE TR 8 2 AT I P K
1 Y 22 W 30 B Y i B S D L Sy T R T 2
B3l K R BN TN B BB R Bk 2
SRR — A Tl A 32 B )2 vt Ak 1 AT AR
B Kelvin & M) 15
dz,
dt
Horp 2, BT, 43 BI0& 58 n A SR 7 BRI B
w(z,) A2 Hl XT3 o
1.2.2  JEEY 0 RAR
TESR i 38 375 220, 15 0% A A O e
T E N1 = wt,\L=L/s, V= Vs, ®=
/w5 Q= Q ws  ['= D wi . p= p/oais". Hrh
L.V.®.Q. I M p 7y HIACE KB BB | 2 34
T U I B R ST. AL 2 iR A
¥ Ta e HRT BEIE, TR R
LT LA, S T A AL, AR 2 (b) B AR AR 3
TR £ 722 6 4y B Sl ke S 30 IS R O I 2 2 ) 1Y)
TR

= w(zg,), I, = const 7

_ 1 1
2h+g] (8)
e N L 37 52 iy f 4% 3@ IR RN 2 B M H
BRI R E
wu:%mg+2]%ﬁm@—g)—m@—gnj

€D)
Hpr O M = " TR EHIHE. NSRRI R
R
dW _ dW dg
w'(z) = —— dx ¢ ds (10

XFTE A B8O, iz 2l R N R 25 H g B T
Yy BRI A 5 5

AR o526 %
X2
MIVESRR IR o
A/ ¢/ D )’
B B’
(a) PRI
1 gg )
a c _:":" b{b') ::“‘: d e
(b) 57tk

&2 PRAAAE
Fig. 2 Conformal mapping

LW (e = ] D

w'(z,) = lim Is
B ORAKXQADESE o AN EUR iz 3 5
Q _
g Z g“

ZF— ! }— e

27 ﬁ T (G— 1D’

M s % Tt 21 8, 265 03 3 vh & 5T 1Y T

A DU IS T B9 7 AT e (13) 45 i =
W Adams-Bashforth R = (12).

w'(z,) = )[

12

Zu[ﬁrm = zn[r+%(3wn|l_wn‘ﬁﬁf) (13)

1723 ik s Ay
TSI 1] 25 T BR  TRA% 1 G 2 45 0 T — A B
AR AR SR A Brown F1 Michael ™ fi Jit 7% 15 45
BRI E I A — B T Y R TR E AR
Qb FF U WO o R AN T 3 o — A 2 i el A 4 5 B
12 BN G I B R 2B A R AR P AR 8
JBE 76 A [ . Rotd ') M 3 5 A 18 A o
T2 AR AR T B 1 R R AR AR 4 LR AR R

7% 1ot R 0 iz B T 7R
da | =m — = dD

- = u(zl)

dt I dt
Horp o B = 3 BN AR R RN a2 Ak by, T N BT
iR, uCz) AW TEL B R E. 5
&L%ﬁéﬂ%ﬁ’]{%ir‘{m;@%ﬁ%&m Kutta 54

C 4]
gr?dg[wm - g] 0 (15

Xt 224 4 %@%Tumﬂﬁum?ﬁiﬁ@%
TS P A 3T A T G A R I
§1:

N
J%%*Z ZLTZi[(C,,il)Z T 1+1>2]}A“1

(16)

(QEY)




5 3 B ST S0 e IR 7 10 T 7 L 533
M= oW/~ LA LD o 1205 AR Y
SIS BT A I po— Peos wd) %
Tl A i A 3 B A7 RTS8 BE RT AARR) A9 il A ol % 3 0 Y X R L A SCOR T A R A i) e
KA. P
1.2.4 ﬁﬁiﬁ%ﬁﬁ% D dE kX o)t B MEE R Q1)
W 2Ca) , W& ACB #E 4710 5% F F1 4y ok 2) A6 T B A 0 B A7 & (6] B A

T T AR E%ﬁﬁ%

— dFr.I iJBu
Piae dt dtha "
(18)

Al o gv e s X B
srh — e 8 6 % [ e e Al

aJ B
. dl—ﬁ—(,)—JAuQ - dl

||+ B R A 5 0 52
S SURE A TS PO 1 0 9 1
AR P 0 4 2 2 A ([ g v im0,

Wt I SR ) PR A A A A A P G R
JE ST T I0 57 1Y 45 1. R4 FEAR I A 55 A 5 e
FE 378 375 0 A0 N T 55 K A T, A e A s
Wi AR SEA A B, BT DL FEAB R 30T 3
i TR ] R 4 Rk (Ha T B g IR
PSR T U 2 A VRAY e A - W U N DA
FUi Y Laplace J7 #2825 ] Green PR A L
AR 38 I 5 | 0 R R S iR IE R

@Q( X17s Xg s X3 ) = @Q. ) +

L oe dul 2
!
2m) —y2) -1 d (x; — w)? H (i =a)? + 2

19

19D T 5 AR 119 2k 1) 3 82 D 3 32 o
S 25 A LA R R [ B AR 03 SF- 2 Ak B AT A

EuQ cdl= Q(»C (20)
Hi CRMERZILWEE. B AR RNHE

RN N
JBuF o« dl = Z %[E—arctan{é J]
@D

A =1

Kot DA Q) A

_ dFr.l
pinc - dt +

N T, & QD)
Jt[z;{ ;[77arcmn€; H+C dt

22)
13 (22) AL, 5 o ol 1) s 22 ol — 000 4 253 A=
T A2 BRI TR T 32 Bl (R T R R E

A1) H 545 1 4% 1 R 07
b5

FlrFZ,new = Fmpre ’ Crr}»&,uew = gu,pre ’
Unt2,new — Un,pr (23)
3) BB LA, Al i A Al Kutta A5 7R T 3

AN
4) WOHTEF RS &, =1, 1 AL
TLEE B 75 BELAT ™ A o SO AR 9 0 P H 22 R ik
Bl 7 B B Y PO AL SR, e SRR 38 1 5%
T8 I 5 B ) AR S AR I, B 4 S I T 34
JEE 1 B5F ] il 2 8 4 0 TE 9% i Ll % f 4% 3 Ui T
o7 o B HEAT (AL i, e 0 — B R £
YR I e SCREE AR LS BTN T .
2, = Pcos[ $(1D ]/ (1),
2, =+ Psin[ (1) ]/ v, (1) (24)
Horp P8 W 7R R 25 IR AH . (1) AT (D)
3 TN R A S I T 1 R R R I 1 0 (RN A A7

2 HRESH

2.1 WELMTRZHET

B 345 T P=20. 0 B, § #6A JE 359 60 i
7o AN 2 A A 2B AT =0.0005.
AT DL BRAETF I 2 J5 301 P 4 x4 5 7% 19 30 O
A I — X MR AR 1 i i L B T s 1 R B AT
A CEL SR O O B Ak A T/ 2 B Bk A B Bk
B3l & 28 ek 5 1] T A T O 95 X AT SR 4k
Srp] T A sl ] LY G T 0 9 O R R
I % (03 Bl th B B i S R SR, TR
A I8 It I AR . 4k 2 WL 5% 32 i XoF ) T Ak 17 O
T2 3T/4 A0 T i 200, 22 % BB A 3 % (32 2y, A
Xof J T b 23 FH EL GG AR B RO R A FR L. Rt X
A B AT — SR P 2 . 5 R g 1
M T/2 B Z0 9 B 0 3 Xt A 0 A5 AR 8L A 8 1k 2t
P X B TE G aE b 0SSR R AT A i B A X
ALY E T IREE BT W00 3. 5 PR i ER (AR A0
ot BV )2 R AR L R N R LR B 1 PIV
(particle image velocimetry) i ¥ i 7~ 52 16 45 S

— .



534 it o= @ S %26 &
60 . . ; .
15 el — - R e
L =TM =T =374 =T
; 40|
10 ¢
: o g 20}
5 e s =
| . ) k- 2"
. | 9@ i S
f 00— e Y —alle— <
| || %% & 2 S 0
f ' L —40
-10}
f : 60 . . .
SN | SRS I S 5 10 15 20 25
15 - - - =
=T | i =714 =27 o
10 gy \:_'
'?’x‘% P 10'¢
st o || BE 4
: &8 &
€ : e
- : | 100}
i ’ 8 A
gk 3
"‘F':F‘ L = 107 ¢ & Fa¥ A
e S p s
S 0 5-5 0 5 i
x/s /s s /s 102 i
0 1 2 3. 4 5 6 71 8
B3 3 B 3 )2 0 A on
Fig. 3 Vortex shedding and the evolution of TR 7 14 B 1 B T A R C P—50. 0)

the vortex sheet

P4 25 P =500 I, Gl 4 3 O P-4 3 B 1)
R [ o A O3, T 3 il A A — A AT A
Je MBS 2 A S P T A i I B T AR IE
LM R AR LRI s Rk, Ho g Sk 1
L) R AE L B AR T R B R 1/10,
XA (20 R AR LM R BB B it TR,
2.2 MEHIRSEAHRE 4R

W BELBTAE R IS N 10— 4 P 15 R AL 5 (i 4
B B I ZE S AR SCHE B T A R T gk LR
FEIG 75 BHL AT AN R R AL, JF LR Tam 57 (1
DNS(direct numerical simulation) % H #4177 X
.S 80 B BT BRI AR 5. 08 em X5, 08
cem, fEER M 0. 127 em X 5. 08 cm , 2L ¥E I IR B
15. 24 em, ASHR RS 150dB A2 47, QnE 5 FlE 6
Jros. BT Ry AR R s AL X B B Y
&, 1E Tam 55 A BT i A T 4% % 08 1 P Fh J5
2,90 BEL AN 454 L% A& 7(h) FIIEL 7o) 5 T A
SO AR A% AR AT T AR B B, AT 07 4%
Zk i 7Ca). B 5 R 6 [ X EU R B U BH 25 A
JEEAHE X T R RO 85 /0N I, A S b Al Al 15 7 2
WHEFE A B,

F A SO Je B R AY ] DA AN [6] A5 75 ik

Fig.4__ Time histofy and spectrum of the average

veloeity of the slit flow for P=50. 0

o AR
A DNS H5HL, 90 4E2%
2 4l v DNS U, 45° 4% | |
-'s 2r 2 g R
g
0 | 2 3
B [k Hz
12 .
o ARICER
A DNS 45 4:, 90 44 é
= 8 v DNS #5445 4k v
= n
m a
s, g v
= 4t v
e o 3
ot v 4
0 i 2 3
4% Ik Hz
&5 R a8 75 BT A SCE5 R A DNS 458 %7 1
Fig.5 Comparison between the present and

DNS results for the acoustic impedance

of a slit resonator



WD SCAF - R SR AR A AR 2R R 0l RS B B 535

3
1.0 . v
o ACAEH
ozl A DNSH5H, 90484 | |
- v DNS 4L 454k 4%
= 06} “ % i
by o o
= 04) 1
g v
0.2F v R
R
K
0 1 2 3
Wi [k Hz

&6 i an A REUAR SCAE R A DNS 255835 1
Fig. 6 Comparison between the present and
DNS results for the absorption coefficient

of a slit resonator

Bl 7 eSS R B
Fig. 7 Sketch of the slits

(R 7 0 I T Sk i 25 100 W 7 R PRtk AT BRI 40F
8. QN 8 TR AR R AN L0, 4~ 1. 55kHaz,
PSR 120~ 150 dB, BB 25 M 1 L IR A% e R
B O AE. TS ECh PHHUE B 5. 08 cm X
5. 08 cm, A& T AR 0. 254 cm X 5. 08 cm , LR i %

B EEG:120dB . A FESE:140 dB
1.0 F—o— FiEZ:130dB —%— A R2:150 dB |
*
08F |'h"| 1
| I|I
& 06} e |
W I \
8 i
% 04 B ﬁllf I||III bt .
Illl..l
H"I \\\"‘I\\ *\t
027 A u'.f fon % ]
| ‘m e
4 "
0.4 0.8 12 1.6

Jii# [ kHz

B8 IRIRIF R e df 2% W 28 B AT % 1) 22 Ak
Fig. 8 Absorption coefficient of a slit resonator as
a function of the incident sound frequency

for different sound pressure levels

JE 30. 48 em. THE 45 5L 3 B L 4R 2% % 75 M AR A2 A
AP AR N FE S E N DR A e
P25 28 G0 1% 181 45 400 2% 15F 3K 380 e . [) B 4R 25 11
W SRS 1 e B AR R T IR R M R AR L B A
W5 RS T L IR A AR & s, iR Y
WP R RO R, A Rk 120 dB B, K2 AE
0. 68 kHz bW FR FOE A R AT 0. 45T A RN
150 dB B, 32451 56 4b 14 W (B 3ok 0. 9, [ B 7E U8 (.
0.55kHz #1 1. 1TkHz &b, B A 7 H G At W 75
Z2 KR o 30 5 BT 5 R O bt Bt S A S ) 4 P A A5
LIRS R G R R LIk BNWE(E. 340, K 8 AT L,
R AR A I AN 52 e e i 2 00 00 R R B E
PR 4.

3 4

A SR S I A5 TR ST ol 4 SR A T 10 b
e P AT 908 B 0 I8 A A R AT T
AR 15 B e A A L b BLBE. 455 — 28R
A2 R R IR, ASSORT ol I I 45 1) Al e P 75 2 R
PEAT T BAEESE, 8 ad A SO T 5T kB

1) TREE BT B 3t 37 T B h 48 A i I v A
i 7 163 J2 IO TEE AR 5E L ¥ b J= 19 A o A R B
SR X T X BT B 32 Bl L B i 8 A O FE I

2) FEA PR G0 T, 8 P A AR 2
5if IR A 0 IR A R 0 A I

3) T IR BRI P A LA B OR , 3k
IR A B0 I 7R R BT AR B4 ] A R A ik B e
I HLVGE B 32 75 TR 052 WA AR K 5 78 4% > A G A TR 2
ol T RAE L 2 IR 2 75 Ik B 0 {E
WP AR R B AT 55 A B S TR R
b, IR & RGE B AR,

SE Wk

[1] DupereID J,Dowling A P. The use of Helmholtz resona-
tors in a practical combustor[J]. Journal of Engineering
for Gas Turbines and Power,2005,127(2) :268-275.

[2] Smits ] M H,Kosten C W. Sound absorption by slit re-
sonators[J]. Acustica,1951,1(1):114-122.

[ 3] Gomperts M C. The sound insulation of circular and slit-
shaped apertures[ ] ]. Acustica,1964,14(1):1-16.

(4] EHIRHER. S e R B [T, 75 22 24 . 2000, 25 (6) : 481-
485.
MA Dayou. Theory of microslit absorbers [J]. ACTA
Acustica,2000,25(6) :481-485. (in Chinese)

(5] e, oo LR R A% AR W 7 1A BF o 1k R [ ], B2 JH 75 2%
2002,21(1):3-6,25.



536

E¥

el

Eitd o526 %

[10]

LIU Ke. Advances in the study of microperforated-panel
and microslit acoustic absorbers[ J]. Applied Acoustics.,
2002,21(1):3-6,25. (in Chinese)

Jing X, Sun X. Discrete vortex simulation on the acoustic
non-linearity of an orifice[J]. ATAA Journal,2000,38(9) :
1565-1572.

Dowling A P, Hughes T J. Sound absorption by a screen
with a regular array of slits[]J]. Journal of Sound and Vi-
bration,1992,156(3) :387-405.

Howe M S. The influence of vortex shedding on the dif-
fraction of sound by a perforated screen[ ]J]. Journal of Flu-
id Mechanics,1980,97(4) :641-653.

Ingard U, Labate S. Acoustic circulation effects and the
nonlinear impedance of orifices[ J]. Journal of the Acous-
tical Society of America,1950,22(2):211-218.

Ingard U,Ising H. Acoustic nonlinearity of an orifice[ ]].
Journal of the Acoustical Society of America,1967,41(6) .
1582-1583.

[12]

[13]

[14]

[15]

[16]

Cummings A, Eversman W. High amplitude acoustic trans-
mission through duct terminations: theory[ J ]. Journal of
Sound and Vibration,1983,91(4):503-518.

Melling T H. The acoustic impendance of perforates at me-
dium and high sound pressure levels[ ] ]. Journal of Sound
and Vibration,1973,29(1) :1-65.

Hersh S, Walker B E, Celano J W. Acoustic behavior of
Helmholtz resonators Part 1:nonlinear model[[J]. ATAA
Journal,2003,41(5) :795-808.

Tam C K W,Ju H,Jones M G,et al. A computational and
experimental study of slit resonators[ ] ]. Journal of Sound
and Vibration,2005,284(3-5) :947-984.

Brown C E, Michael W H. Effect of leading edge separa-
tion on the lift of a delta wing[J]. Journal of the Acoustical
Society of America,1954,21(5):690-706.

Rott N. Diffraction of a weak shock with vortex generation

[J7. Journal of Fluid Mechanics,.1956,1(1):111-128.



