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Numerical Simulation of Helmholtz Equation in a Deformed Regidn
and Optimal Shape Design for Sound Absorbing Plate

H. Suito and H. Kawarada
Faculty of Engineering, Chiba University

A shape optimization problem for a sound absorbing plate is studied. In
order to optimize the shape of the sound absorbing plate, it is necessary to
solve Helmholtz equation in a deformed region. Finite difference method with
boundary fitting mesh are adopted to solve Helmholtz equation in the deformed
region. Discretized Helmholtz equation is represented by a large sparse matrix.
GPBi-CG method is applied to solve this linear system of equations. By using
the soltion of Helmholtz equation, the shape optimization problem is solved.
Fuzzy optimization method is used to solve the optimization problem.
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FEERAL, BEROBRICB-T-EER (DWEESEER) 24/ L. Helmholtz
RN Z OBERICRIT 2 FERICER L CTHLS FEE AV,

BERE S e TR R CABERMREITSI CRBE S A By — kR L 25, L
L 3RTOMEEGEIERETRAT 3 L REBITINIIERFR 19 BERIAITHIE 20, fEZ D
DREEZ 2D, AR TIE, GPBi-CG ¥ (S.L.Zhang,1997)1% F T = @ — K52
ﬂ%%?toit\%%EELTK%éLU%%%ﬁW\WK@%&%LT#B%@&%
FEIT L7,

2 REIEREOEME
2.1 EEHEERORE

E3r N
! z € [0,1],
mo(z) = { 0 else (1)
LB, £,
fo(z) = (—0.58522 + 1.867z)mo(z), (2)
fi(z) = (1.1702% — 2.734z + 1.282)my(z), (3)
folz) = (0.585z% + 0.867z — 0.282)no(z). (4)
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LBE, $(2) ERDOEIITERT D,

| B(@) = fola) + file — 1) + folo-2) G
ZDH(x) EAVT, ¢pm(z) ERDO LI ITERT D,
$r,m(@) = /Ny - $(Npz —m) (m € Z) (6)
7L, N =22Thb, ZOEICEREINT {dpm T ERERZREIRTS
[ Grmbrmds = bn (7)
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1: Scaling functions

ZORr—) v BB OMEREE EAVT, BEROBKRIZRDO L I IZEET D,

CW2) = S Ve rm ()b (2). (8)

m,m’=1

2.2 Notation

Ihottom IxX
[ 2: Projection of computational domain into z — y plane

e Tuop 20 Thostom 1AAIAEETH 5, THEDBEDEEIERATHD LEL, I
HEARHTHH0LT 5, -
o Tin 1. BEEHHT BIEBEETH 5,
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e LiX O & QROWRATHD, ZORFEOBRERBELTDZEITLD, O ITE

WL TS HFRERKRIZTHZEEZENLETD,

o Mgid, VWOWLEEKTHY, FREBRSELI®ELT D, ZOHEETIIER

BOBEEPFREINTND,

Copsory (3. BRFEDOIRIEZBIETHETH 5,

u(z,y,2) (1 =1,2,3) %, FEBCBIIEREFEELRT
ki (1=1,2,3) 13, FHRITBT HEEERT

pi (1=1,2,3)1%, BEHRICRITIBEDEETH S,
niIBEFICBIT DM EERT PV ERT,

a, B IZIANATH B,

2.3 REAER

(A+Ek)u®T,a) =0 in Qi (i=1,2,3),
uD() =u®@)=a onT,

au(") P’a B
_#_):0 only, (i=1,2,3),
uD(T) = Uy, 2) on L,

u®(T,a) =0 on [y,

72120, TN = Tiop U Thottom U Tsize TP Do WEEITFFIRTRD L S ITEET D,

kwater in Q1 ’

— kpine iIl 927
kz B kpine

= inQy,
V14 iwv/c?

I TUid B TEEBSNDATHMETH D,
' ETH % % Dirichlet 7 — % a X

2 2m/
) cos(—2),

M
a(y,2) = Y Gy cOs( ;i
y z

mym’=0

b R

(10)
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2.4 B/MEBE~DOERXE
AR NEAEBERDOL DIZEET D,

_ @ 2 1 10uM(T,a)  18u?(T,a) 2
J(T,a) = F‘/ W@, a) dr + - 4( P ks
(12)
FUE-EIT, BREOEREBEZR L, £ _HITICB T 2 BE&HOBEESFE LT

oeimétmwﬁfﬁéo_@%A%#iiﬁéﬁgwﬁﬁ IZBWTHRELNRD LD
T, ﬁgm%@@ﬁwéﬁ@ WHETH LD THD, Z0ax NEKERAWS &, BEL
RIREIIR D L 5 12 ED 5.

[P] Minimize J(T',a) for (I'Ja) € A= A; X A,.
where
Al = {Wmm’GR(m:mI:17273,"',M1)|[’Ymm’|_<_K}’ (13)
A2 = {amm € C(m,m' =0,1,2, -+, Ma)| |amm/| < L}. (14)

ZOBR/MERIEY . ZEONBREL VDT 7 U4 BEbER 2 BT,

3 Helmholtz AKX DOHERE %

3.1 EELE#H

B L7 BIKIZ 31 % Helmholtz X OREM 2 ZDEEL AV TRDE 12, KO LI ITL
TEAREEBRZIT 12, '

£, DRI, B LIEREITIRD & O RESKET (E,n,) BERT D, ZOBRFRIT
SR ZER D O W B 22 R~ D AR A

L= 33(5,77,0, (15)
z=z(&,7,¢). (17)

ZRLTND, ,
KIZ, W22 TED - Helmholtz HEX% . HELEICRITHHOICERT D, ZORKE,
FHEZEMNC BT D Helmholtz FRRRIIKRDO L 512725,

a a a2 ,a a a a3, 0 a a
(au(a1185+ 128n£+ 130(5) 12( 116£n 128,7,,4- 133{17) 13( 1185 12877("‘ 13644))

JJ J J o J J o J J
a1 ,a21 a2 023 a2 421 022 a23 23 Q21 a22 az3
+ (——( Oge + 5 0ne + 7 0ce) + — (=5 0n + —5 O + —-0¢n) + —= (=7 0g¢ + = Onc + *544))
+ (55 506 + " one + “336@) + 22 (20 + 0, + “338<n> T (e + B2 + o) ) u

+k2u = 0, (18)
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Q11 = YnZ — Y¢2ny Q12 = Y¢Re — YeZ(, 13 = YgZn — YnZ,
ag = Zni‘?}g — Tpl¢y (122 =Tgze — TeZg, Q23 = TyZg — Tg2p,
agy = mny( “YnT¢s azz = YeZ¢ — TeYe, 033 = TelYn — YeZn,

Te Ty T¢
J =1y yp y
Zg Z,, zc

Thb, WAEMIZBWTEZONEREMED, R L CHEZMICKIT S b OICERT 3,

3.2 MFHER

B UBEREICIN D £ 5 2R SIREFEERT 50, HARFEREYHOCRTAER
Bfiot, B U RORIE €0 ( DEFRIZEAEN 161, 21, 21 Cha.

3.3 BBt Helmholtz FRRX D%

I\ (18) =, _/JY**I#UDEPM%J?%FHIJ\T%E%ME’?”ZDE BRCRHELRRBATHI CEHR I N B ENL
FERITRD, - OB HFEREMEL oI, FEEEREED—ETH % Generalized Product.
type Bi-Conjugate Gradient Methodm%%ﬂﬂb\f:o BIALEE & LT, Z OEXNFR 19 EFAITINIC K
TZDZ‘méLU \ﬁﬂF’LKTT’D"/ILo :

EIROEBELEEIZITV DRI, Eﬁﬁﬁ@oﬁ’)?ﬁlofb\éfﬁ%%)ﬂb\(//I//\—U)pﬂﬂﬁ%ﬂ’of_o
BEEfR L L CIROB%E AW,

u = exp(ik cos fz)exp(iksin By) + exp(ik cos Bz)exp(—iksin By)
= 2exp(ik cos Bz) cos(k sin By).

312 Z DRI Re(u) = 0.5, KOt Re(u) = —0.5 DEAH %77,

3: Exact solution

M4, EOX5IZ, BEXEFERAWZEES, RUOBHESEERIZN Y &5 oiEEanst A
WG A DO ETRT,
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5: Solution of Helmholtz eq. by use of boundary fitting mesh

ERBFEZRAVICEES, MEBEEHEFEAVZEAONFICINT, BEME L<—K L@
BRONE, LoT, ZOYAN—2RNTRELEEITTAHI L L L, £/, RELLUNHK
(L DRMLHEZMEY &, KT 2 £ COFERMMSERICEMSND Z L 2R LT,

4 mEEFZILTUXL

BoMERIRE [P) 2 IeDFEE LT, FEEOLPRRL TS 7 7 O RKEbERD 2 B,
COFERRBETELZERE L, R MINCEHLE BT Z &1 & > TEE(L OIS
EUETLFETHD, FHEDONRTF A—F 2 RETHBRIRERN T 7 DA HREIT>TNDD
BFETH D, ;

5 R

AFAIZa=0,8=30(>B;) &Lz, ZZThIksingG, = %T‘Erk b, BREIBEER S
TERFORZ 5 ARATHS,
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9. BEREOERBEZ(LIETICEESEFZBEORBLOA T, ZOBREO 2 X MEKIT
KRDOXHITE B,

® u® (a) | .
a )_/|18u (a). plzaa—n() dr. (19)

%EM$%TLt%ﬁf®@$%E®¥ﬁ%\@ﬁ%\ﬁﬁﬁ%ﬂ6ﬁ%?°%h%h\w<0
POEIZ AN T DEEEE TS, ROARBARE. ZRABEATH S,
AMABERALEIEA TS IDIC, BEHITETRIIE L A LAY BETCAMR
LTWAZ L3,

e
e

e

Ay e .
\\ﬁ ---------- Real part
"""" Incident angle = 30

Real part

Imaginary pact
Incident angle = 38

Imaginary part

(- Absolute value
N : Incident angle = 3@

Absolute value

- 6: Boundary matching problem

WIZ (12) D= 2 BEERAWT, BEFHOKEL L, ERERROKEMZRRIIITok, K
7, BT LIc Rl COMBEFEOEKE, B, e iEzrd, JELic Lo THER
HEOBRPBIHIZEFRL TS, 207D, ARABRNOFA LR L THDIZL0NbLT, A
HED D L OFAPREMRANCEE L TE TSI LBDND
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Real part
Incident angle = 3@

Real part

Imaginary part
Incident angle = 38

Imaginary part

Absolute value
Incident angle = 30

Absolute value

X 7: Shape optimization
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