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o Exterior Acoustics Governing Equation

(V2 +k%)i(x,x,)=0,(x,x,) €D
V* : Laplacian operator

D :domain
k : wave number



0 Problem definition

Radiation problem Scattering problem
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o Principal of scattering superposition

u=u"?+uy"
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° The numerical instability in dual BEM

mu(x) = C.P.V.jB T'(s,x)u(s)dB(s)— R.P.V.L U(s,x)t(s)dB(s),xe B

m(x) = H.PV. jBM(s, x)u(s)dB(s) - C.PV. jBL(S, x)t(s)dB(s),x € B

Discretizing type
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How to avoid the problem of fictitious
frequency

=Burton and Miller method
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O What is modal part|C|pat|on factor ?

Modal participation factor

Loading P(force)
pattern l Radiation

%— 10 i i
- - CHIEF method
. .
] AL
0 — \(’ s
s 2‘ — y
Q ka=5.3
s 4 ]

ka=7.6




° Modal participation factor for numerical
Instabllity
=Continuous system

u(0) = a, +Z(an cosnf+b, sinnd),0<6<2x
n=1

t(6) = py+Y_(p,c0snb+gq,sinnd),0<6 < 2x
=1l
wherea,,a,,b, , p,, p, and g are the Fourier coefficients.

1. UT method

Null-field equation:

0= j T (s, x)u(s)dB(s) - j U' (s, x)t(s)dB(s),x e D

where D is outside the domain of interest.



o Modal participation factor for numerical
Instabllity

U'(R,0; p,¢) = [, (kR)+Y,,(kR) [, (kp) cos(m(6 — ), R > p
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U(s,x) =+

[-iJ,, (kp) + Y, (kp) 1, (kR) cos(m(0 - ), R < p

Ms

M8
N[N NN
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—00
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(T" (R,0; p, @) = —iJ w(kR)+Y (kR)]Jm (kp) cos(m(6 —@)),R > p
T(s,x)=- "

Te(R19;p’¢)_

M8

2
%[ iJ, (kp)+ Y, (kp) [ ' (KR) cOS(m(6 - $)), R < p

]

m

HY (kp) \ J, (k 5
u(p, @) = Z[H(l)ikp))j[JZEkZ;)\/am +b,, COS(mp—¢y), p=2a,0<¢ <27
Modal participation factor:

H’S-) (kp) Jm (ka) 2 2 ... I .
[H,S) (ka) ]( J (ka) ]m with mode cos(m¢ — ¢,)
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° Modal participation factor for numerical
2. LMsedY

Null-field equation:

0= j M (s, x)u(s)dB(s) j L'(s,x)t(s)dB(s),x € D

( o0

L(R.6;p.¢) = Zg[ zJ (kR) +Y,, (kR) Y n (kp) cOS(m(8 — $)), R > p
L(s,x)=-

L(ROp.#)= Y %[ i w(kp) + Y n(kp)J, (kR) cos(m(0 ~ ). R < p

M’(R,@; 0,) = [—zJ (kR)+ Y w (kR) ' (k) cOS(m(0 — #)), R > p
M(s,x) =S =0

M (R0 p.4) = _2 5[— il 'w(kp) +Y ' (kp) } w(KR) cOS(m(0 - #)), R < p

HY (kp) [ S n(ka) ) 22
u(p, @) = Z[Ha)(kp) j(J-m(kz)j\/am +b,, COs(mp—¢,), p=2a,0<¢p <27
Modal participation factor:

H’S-) (kp) J'm (ka) 2 2 ... I .
[H;S) (ka) ]( J. (ka) jm with mode cos(m¢ — ¢,)
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o Modal participation factor for numerical
Instabllity
*Discrete system

7, Ry 1=1U,, B, § M, Rl =1L, e, 5
Using the SVD technique
O, Vit=D,3 Viu O, V=03 VY u

+: the transpose conjugate

@, ¥ : the unitary matrix

2. : the digonal matrix composed
by thesingular value o
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o Modal participation factor for numerical
Instabllity
1. UT method

N

n=—(N-1) ::> (DUZUa — q)TzTﬂ
(U)

N
t:LPUﬂ: zaan

n=—(N-1)
where o and g are the generalized coordinates.

Using the Fredholm alternative
+ !%? ¢i 0 Transpose conjum;lt% ¢,~+ [U(kf) T(kf)]:O
T (k,)

SVD updating terms SVD updating documents

where £, is the fictitious frequency, ¢, is one of column vectorin @, and @,
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Modal participation factor for numerical
Instabllity
+ o+
g, O 2po=0 O 2 p .
For the Dirichlet problem T——> «, = Z’@ B,
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Instabllity

*The modal participation factor in the special case of a circular radiation

° Modal participation factor for numerical

mode W, W4 4
participation | iV (ka) J, (ka) g 13 (ka) J(ka) 5 | H" (ka) Jy(ka) o
factor |\ HO (ka) Jy(ka) " ° |HS (ka) J 4 (ka) | HY (ka) J,(ka) "
mode Y_v-1) W(n-1) Wy
participation | 7%, | (ka) J . , (ka) H) o (ka) Ty (ka) HY (ka) J , (ka)
factor HEl()N—l) (ka) J ~(N-1) (ka) A ﬂ N

H ((11\;-1) (ka) J (N-1) (ka) e

HY (ka) J, (ka)

(Using UT formulation)
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Modal participation factor for numerical
Instabllity
2. LM method

N
" n:_%v:_n : > DY, a=D,%, 0

N
[ = \PLIB — Zan')ylgL)

n=—(N-1)

Modal participation factor: —~—p,------ with mode "
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Instability

° Modal participation factor for numerical

*The modal participation factor in the special case of a circular radiation

mode

Wy

W4

W,

participation
factor

H{ (ka) J o(ka)
H (ka) J o(ka)

Po

HY (ka) J -1(ka)

HY (ka) J 1 (ka) P

HY (ka) J 1(ka)

HO (ka) J1(ka) A

mode

W_(n-1)

V(N

W

participation
factor

H S?;lv_l) (ka) J _(v-1y (ka)

Hfl()N_l) (ka) J'—(N—l) (ka) ﬂ—(N—l)

H ((11\;;1) (ka) J (v-1) (ka)

ﬂ(N—l)

H{ ) (ka) J -1 (ka)

HY (ka) J v (ka)
H (ka) J v (ka)

Py

(Using LM formulation)
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o Numerical examples

e Radiation problem

1.  The radiation problem

H,(kp)

Analytical solution: u(p,d) =

cos(4¢), p=2a,0<p <21

~~~~~~~~~~~~~~ UT method
T 4-— - - - LMmethod
T T 1” Burton & Miller method J4
oo — Analytical Solution
— - - CHIEF method

(V ‘4 kDu(r,0)=0,(r,0) € D

2

e
- ’/r/’ Q \\\“: ka:5.3
5 =

Radiator
u(a,0)=cos (46) i I N
B | I | ka=7.6
.................. _
' ka
The radiation problem The contour plot for the real-part ~ The positions of irregular values
(Dirichlet type) for a cylinder solution. using different methods.
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Numerical examples

2. The nonuniform radiation problem
Analytical solution:

1 —a H (kp) 2 & —1sin(na) HY (kp)

p)=— . HY (kp)+—= , cos(ng), p>a0<d<2r

Burton & Miller method

(V 24 kHDu(r,0)=0,(r,0) e D

Radiator

2 ' | |

I
0 2 ska 6 8

The radiation problem The contour plot for the real- The positions of irregular
part solutions. values using different methods.

(Dirichlet type) for a cylinder
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o Numerical examples

e Scattering problem

1. Dirichlet condition
Analytical solution:

Jo(k 1 c J, (ka) .«
) =8 o HE k)23 ey O H (ko) c0s(nd) p 2 a0 <2

LA W

-8 — ----- LMmethod

!

|

— Burton & Miller method y
—— Analytical solution

12 T T T T T

- 0 2 kdx 6 8
Th? _scatterlng problem _ The contour plot for the real-part The positions of irregular values
(Dirichlet type) for a cylinder solutions using different methods
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AN

Numerical examples
2. Neumann condition

Analytical solution:

u(p, @) = —%Hﬁ (kp) — 221'” %1{9 (kp)cos(ng), p=a0<¢<2rx

The scattering problem

_ The contour plot for the real-part The positions of irregular values
(Neumann type) for a cylinder

solutions using different methods
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o Conclusion

1.

We have proposed the concept of factor for
numerical instability in the dual BEM for

The modal participation factor for both the and
system were derived.

The irregular values depend on the integral formulation (U7-
J (ka)=0 or LM -J  (ka)=0) instead of B.C.(Dirichlet or
Neumann).

The numerical results using the dual BEM program agree very
well with the analytical solution and the DtN results except at

Burton and Miller approach and the CHIEF method were
successfully to deal with numerical instability.
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