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On the static limit of Helmhortz equation

for the acoustic wave scattering in a waveguide

Hyun -Kyo Jung ., Kyoung Choi

ABSTRACT

In this paper. the static limit of Helmhortz equation is discussed in the analysis of acoustic
wave scattering in a waveguide. Boundary integral equation method is used to formulate the
scattering process in the exerior of the scatterer and finite element method. in the interior of
the scatterer. And hybrid Ray-Mode Method is used the provide the Green's function of the

waveguide.

The proposed algorithm is applied to a sample poblem with arbitrary scatterer in a wave-
guide. The results are compared with those of Laplace’s equation which is the governing

equation in the static problems.
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Fig.1 A wavegnide with scatterer

AN, ke FER, S(X)E FEY, =
4% vehith ARFoz eE Y
ek AL AARA ASE BHER)
7 Qe gl giolAleh,
24 S o gt Abax

Foogo) el A

E f

i=1 B¢

f81905(r)
fvese(i_’_l)ge(_f’_,il) dV(_r_l)

ai $7(#) g°(r,rp)drp —

2.,
mg (_7_'_,7_’_5)(11'3 +

¢B(_7’_) o€ \A
———{%4153'(1) 7 e B, j=12-L
0 A

B, , VidVg
HAl Abakzle] A, W8 2 9%
233 L AbgkRbe] A o)),

iy rir



AANAY F9 FARE L g A

ne
A7k Qe A9 Esine :7-31%&—’?-019}.
pade) EdE olasE AR s
ot Aete ArRAeE 4
L. . ’
l§l {EG‘”]M’leEleMI.xL -
iy @ | " @

]
'0:17]A']; w‘m,i: -a_;l¢i(~_rml)’

Op = $1 i),
St =8,5°C ") G i7" V(D

e

4 —_
Gimyn= 4, 9" rijorYABCG ),

—_— i € ’ z
Him’ﬂ = J;Bml o g(r;,-,r)dB(r ),

im F jl,

fy | 2 9Cu) BGD
im F §l

m = 1, 2, ...... ,M,

[ =1, 2 eeoeer L,

Po= 1, 2, e M,

jo= 12 e L,

o X=3 A ijfi mA A Aske] AA A
A AA 8L ABj, o FHlZ, M2 HA
Qakxte] AA fadol

3. RéleslH HE

Aebte WEE addo Agst L
Aebte ElAl sael4 sEuse 24

A M D
e

# g% Mgsk 2% Rg 7k AR F,

32 2

_a_ ~
Ra =y o5 T RIS +5m,
E = 1_2, ...... 9Ml'
1 = 12’ ...... ’L (4)

Atk WY gagolr,
283 Py & e ol H" £ vk

?;El(_r_) =% Nu@) ¢ ()

$1e A7 uA AHA
SEds gheleh

o474 Ny %
o BAYE 2

% & Ta) A8 AFRARE Ags,
L Ml ~
= _W_Ll %
0 lz=;1 E =1 VE[ ax ox +3z 0z

~ ob,
K win—wsw) dv + 59 Wa%’ dB(6)
Ei I=1 B

& dx 4 @) 4 LEF FANFL 3
1

2
sl AT EALS F,

£ ow 2wy, )

I=14=1l  ABil

Q7|4 1 LA Abbae] AA 8ol
B x=8oaE Galerkin Y& ARR3IHoTE

ot &AM I A AR HAHSE
ofeh. 4 (6) & WlEHA BAHAHLE FHEH
R

E@, +FF,=S,,[=12, , L (8)

— 81 —



0:‘7]A-]! ¢l=[¢jl].’lxl! j:]'»z' """ v]l’

9~ '
Wtz[é;l‘ﬁ(_fﬂ)]un, ;=121
St =S dnxs
Sjlz%‘fVEleSE,dv, i=12],
E, =By, 1 Jnwn

BN 3N~ BN BN
4t
”' ZIVE Eax ox az Bz

k? Ny Nj[] dv,
Ej

Fy=0F 1rixdis
Fij t:fABft N; drp
4., EBHE LNL|E

2 (9), W09 Atk BN AA2AL

o] &5t 4 (3)F 8} AFANA T Ut
$5(r) =d:(r), (9)

1 @ 7~

e —¢t(7’)—— a""d’l (r), reB,,W)
p’ n o

A4 0% e A e A
3 ode WEE etk WA G4
e R

A7
[f’:’i"_ E] ot ]+[F" ] i [S] a
Ef : Efifoi| [Fi - 5
2 " ek AA 99 A A9 A
o= Heshy ohgm ol ok
Y, ot+ 2%, = S|,

’

3714, Y, = Ef— CYE}
Z, = Fj—CJ'F}
Ch= EF @H™,
5 = st—Cf S
Ff= (0], 12

’

ZAA Tl A frEE 4 ()2 AALad
o el A3l @—E’_— ZAolng A9 Hrg
AAA77] A E A (3) 9 e dA AA

99 AAol WF Aoz WANA qrk =
H, & +C, ¥, =S
A7,/ =+ Hy, +Hy

Hm,—[Hu»sz» """ Hyr )
HI

mi=(H,r;, Hyy, Hyy,y 5H,1,,)
Gml = fl:;l T179

e

E:' =Ctsind tiizgl(r.[)
Vo =@ B

Aoz, 4099 1Bog Hy o3 2
Azl HAg4E et

-Gu Hu:Gu Huf """ ' Gre HIL-JIZFJ:FS?-
Z, ¥, L o | [5,
--.._-_|____...—:-.—.._|_..--__-.
1~ ~
1 Gz Hay | E Uy |52
| I 1 L
\Zy Ypu oo o4 | |5,
A S B S
1 1 §
1 1 !
i I '
' e
S IO WU
] ~
! : 1Gur, Hy [|U, | [SE
[} : : ~
; ; AR JARE
5. Totate] IRlgte
2885 29 LAY AA=2 g°= 0

(2=0,d004) &
4 159 afelet,

22 iz 2 e ’ ’
Gy Top2 THD 9 r’) ==+

ket Ao2A  o&

r=&,2) , r=0"z")

— 8 —



A5 e A EH ARG o &3t
, -1 —1- iStx—x7)

@) = il b 1+exp ikd)

Eeik z-27/1 -¢ ik(z+z/)+e ik(2d—Cz+272)

eik 2d-lz-—z’|)]ds
ol iAMOK=(kZ— 52T ol
A g $EE FFANE AR 5

Ray— RE= FE& T34,

4 N1 ,
ge(r,r’) =Zl(2f‘g,,f(1,_r)+

j=1  n=0

Ry,?) + Z9.°
2 " 974  Refe @3 2t

Ry oL __Bwy
=" ride (Texp(2ikd)

exp (((x-x') + kan))dds

o]7]4]  SDP L Steepest descent H=
& o=

6. Al

28 1. 3 ze] Z=0% Z=dol|q FAFH
o8 o]Folz mutzt W Qe EokE 7
£ AeRsr EAste A5 e AAE &
23 &L FEAAL 974 =i =27
t d=40(m)olrh HAREE AHA
QRN EF 1 (kg /nt ]2 7}
Aee =g e SuSEe 150 (m
/secl® ¥, ¥z AdA Wi
A9 LuwErE y; = 1,500 Cx + 24)
/18 [m/sec]) q ¥+ Fo, 3z F
g5 f=0, 9, 18(Hz) ¢} A7HA] 7 ol o
o AAE d

AN G ol AR sty st
o, A4FA WHe FEx 1, 500(msec ]
2 9Hel Epol Fx f=00 Wy Y&

R

1] . 1 1 )
A B C D A
Fig.2 @ on the surface of scattercr versus

boundary nodes

Aste £obg 2AHRY e 2d29 2
of Akt Bedol A wlmatglch 2 2904
T # gel £ A%E B A% Ak
293 & AR BRAA A7 Fobee 3
$ol Y S 2AE H2F Aol
F=0el A% Ase AATAL Azl
o]
0. 8¢
0.7F
0. 6F
0. 5f
0. 4f
0. 3}
0. 2f
0.1+ ~
0

Fig.3 @ on the surface of scattercr versms
boundary nodes

28 4 & AR ZACAAY SE¢AE vE
et 283,404 & F ROl f=0{Hz]
& o] o 15(m) A dHEol A= A
HEA S At A9 wsy AHE Holx
et olAL &utel o] Estd  Ar]9
o Ak o] Fold FAHEAE AALAR =
A F dge AL ANG Eoh



0.384—

1.012 0.383
1.325
1.012
1.012 '
0.384

(c) f=18

planewaveguide Green's funetions,” 1 EE

0.110 0.121
0.217 0.238
0.324 0.354
0.431
0.470
@@ f=0 (b) f=9
Fig4 Amplitude contour of aboustic pressure

7.4 2

 wrdllAe Eg3 a9 gabaad £

A Aui g 4ql Helmhortz wWA4e A 2
A dal ARG, Eoate 28 g
+ Ray-R= EfPYoz vz, A#A ¥
Ho Aatag g FAALHoR FAssnAl
Ak WE HbeE FResH S AbRskd F
A3l 8hoi ot

a3 o] 9499 Bgg ZHe
EAste Zdel AAH dmeEe AL
ek, B dxEEe AHAE d4Hed e
& o v HAepieE AHSRE A9 d4
Aol slet & YA skdet. 22 i Helmhortz
B4 AAGA ] Ha) AEY Ao, msbad
az1el of Auk o]l b shFiAe] o
A 4 ool e &+ U

M

gt 3
5

o

g3

1. L.B.Felsen and A.H. Kamel “Hybrid

ray-mode formulation of parallel

E Trans. Vol-29,
No. 4, 637-649, 1981.

LT. Lu, L.B. Felsen and A H. Kamel,

Antennas Propagat.,

“Eigenreverberations, eigenmodes and
hybrid combinations : a new approach to
propagation in layered multiwavemedia, ”
Wave Motion 6, 135-167 1984.

LT. Lu and L. B Felsen, “Ray mode and
hybrid options for sources-excitcd
propagation in an elastic plate,”

J. Acoust. Soc. Am., 78, 701-704 1985.
L T. Lu and L. B. Felsen, “Matrlx Green's
function for array-type sources and
in multiwave layered

J. R. Astron.

receivers
media, " Geophys. Soc.,
84, 31-12, 1986.

LT. Lu and L. B. Felsen, “Ray mode and
hybrid Options for time-dependent
source-excited propagation in an elastic
J.R. astr, 80,

layer.” Geophys. Soc.,



. L T.Lu,

177-201 1986.

“‘Collective ray (beam) and
‘hybrid ray-mode (beam-mode) method
for source excited propagation in a
multi-layered media.” Progress in
Electromagnetic Research Symposium,
July 25-26, 1980, MIT, Cambridge,

Massachusetts.

7. G.T. Schuster and L. Smith, “Modeling

— 85— .

8.

scaterers embedded media by a hybrid
Haskell-Thompson and boundary integral
equation, ” J, Acoust, 78(4),
1387-1394 1985.

LT Lu, “Analysis o acoustic wave

Soc. Am. ,

scattering by scatteres in' layered media
using the hybrid ray-mode-(boundary in-
tegral equation) method” submitted ' to

J. Acoust. Soc, Am.



