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Interior and Exterior Helmholtz problems
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Problems using BEM

Interior problem Exterior problem

Spurious eigenval ues Fictitious eigenvalues
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(Real-part or Imaginary-part BEM) | (UT or LM method)
Complex-valued BEM (OK) Dual BEM (Burton & Miller) OK
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Combined Helmholtz Interior integral
Equation Formulation
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e Sampling points

US Navy: 10 interior points
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Combined Helmholtz Exterior integra
Equation Formulation

* Sampling points
Adopted one or two points
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‘ Analytical study on failure points l

UT equation for boundary point
U =C.PV jBT(s, X)u(s)dB(s) —~RPV jBu (s, X)t(s)dB(s)

for the Dirichlet problem and discretizing the boundary B,
K:,{t;} Trueeigenvalues, boundary eigenmodes
[U(k){t}=0= ‘ o .
<{ts}  Spurious eigenval ues, boundary eigenmodes
The true elgenvalues satisfy J, (ko) =0

(1)

The spurious eigenvalues satisfy Y, (ko) =0
where [U(K)] is the influence coefficient matrix and {t} = {&"™¢}
p Isradius of the circular cavity.
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1. UT equation for one exterior point to detect spurious solutions
with multiplicity 1,

0= IBU (s, X)t(s)dB(s) for exterior point,
Vv, ()t =0 (2)

Combining Eqg.(1) and (2) equation, we have

UK) | _

where V" = (v;,v*,\v,---,v7") istherow vector of the influence

matrix by collocating the exterior point X; .
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(). If the spurious eigenvalue isasingle root,

the additional constrain V, {t} provides the discriminant A

A=[v[{t} = 7z2r1Yo(ksrl)'Jo(ksp)em(ﬁ1 lfntreatment

SinceJdo(ksp) =0, we have i H{ |

If Yy(ksr) =0 fallure point, unfortunately A
L ucky point

If Y, (kgr,) = 0 lucky point, W
when k_r, isthe zero for Y,(x), I.e, @T:1,5

Yo(ksty) = 0="Y,(k,)

kSrl: kO ’ 1:henrlzkﬁ
S

where k, isthe zero forY,(x) . Q =446 W

““““““

Unfortunate point

sympathy point,
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(b). If the spurious eigenvalues are double roots, rank
reduces by two.

But one additional point provided only one constraint.

Therefore, one point can not filter out the double
spurious roots, so another independent equation is
need.
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2. UT equation for two exterior points to detect spurious eguation
with multiplicity 2,

IS

v, (K) {1} ={C}
Y, (K).

where v, isthe row vector of the influence matrix by collocating
the second exterior point at X, .
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When spurious eigenvalues are the doubl e roots, we have

Wl (W] = .~ [Fba+Vb,p
t} = bl = g i

{VJ}(} Lﬂmbﬁﬂ J {Vibwv; 3
(78 hle)

Vb, Vb, ||A
where
Vb, = 22Y, (kr,) 3, (kp)e™:
Vb, = 72rY, (kr,)J, (kp)e

Uy b, = 7°nY, (kr,)J, (ko)e™:

Vb, = 72,Y, (kr,)J, (kp)e "™
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Since the spurious doubl e roots make the rank less than 2, the
additional two points must provide independent constraints,

7Y, (ki) 3, (ko)™ 2nY, (ki) d, (kp)e ™ m
7Y, (k) 3, (kp)e™:  nY, (kr,) 3, (ko)e ™ || 5

If they are dependent, we have

et ﬂ-zrlYn (krl)‘Jn (kp)ei.nqﬁl ﬂ-zrlYn (krl)‘Jn (klo)e_i'n¢1
771, (kr,)d, (ko)™ z°r.Y, (kr,)d, (kp)e ™™

A = 1Y, (K)Y, (k) 3, (ko) 3, (kp) (€72 — g"é4)) = 0

g"hi02) _ g ni02) — 2idin(n(g, — @,)) = 2 in(n@) = 0
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The discriminant A indicates,

1. If only one additional point is chosen, the failure criterion
to detect Y, SPUrioUSrootsIs v (k.r) =Y. (k,) -

2. If the angle between the two pointsis 2zn , we will fail to
filter out the double spurious root.

3. If the two points make Y, (k) =0and Y, (ksr,) =0, n=0,1,2..

then we will fail to filter out the double spurious root.
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Sengitivity analysis for the collocating radius

r=2.007, , 6 =45

J >
3 r=2.471
12 points

20 element, real part 1(5.429/2.791, 0.0)
— T o00 ((6.793/3.384)c0s45, 2.007sin45)
1.00 2.00 3.00 4.00 5.00 T T T T T T T T T

Untreatment, thetrueand  Two unlucky points
spurious eigenvalues

3 2 point,

1 (0.0, 1.5), (1.5c0s45, 1.5sin45 E
] T 0
- \ r=2.471, 0 = 45

=15, @ =45° ]

1 2 points,

r=15 : ] E(()s'(.)zizléiz).197)cos45, 2.471sin45) r=15
Two lucky points One lucky and one
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Sensitivity analysis for the intersecting angle

| /\ r=15 6 =290°

20 element, real part ] 0, 90 I‘:15
Untreatment, true and The intersecting angle 90°
spurious eigenvalues

] 0, 90, 180

010 0, 180

r=L5, Q [=15_
6 =180° [ S S A R A RN
The intersecting angle180° Three points with the
angle 0°,90°,180°
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Conclusions
* Real-part BEM isreviewed.

e CHEEF method was proposed and compared with CHIEF.
 Fallure points are analytical studied and tested numerically.

1. If only one additional point is chosen, the failure criterion
to detect Y, SPUriOUSrOOLSIS v (k.r) =V, (k,) -

2. If the angle between the two pointsis 2zn , we will fail to
filter out the double spurious root.

3. If the two points make Y, (k) =0and Y, (ksr,) =0, n=0,1,2..
then we will fail to filter out the double spurious root.

4. The third point is not necessary, if proper choice is made.
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