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Chapter 3. Numerical analysis

ARFFETIE, BxeIxv o ravy—ABRICH+5
TSR~ OB BERIET 57201, BERERE (BEM ;
Boundary Element Method) (ZXZAEERFHT % .0 TR FES
ToT5, BREFRIECLIBERTL, EEOTER
RADHIGIEG TR, EEEFLHAEFOSBES, HER
D—EOTRIVI L ADERRE, FIFETLELEND
e BT R I L TEDRFETHY, ERTIIRBED .
IZREE R RFICB T BT B FIRETH D,

AETH, BEHEFHRCBALT, EREREOEDN
DIEEY, BIETRELIZRIEET V~DOBEHAETELUTO
AR > TR T D, M, ZITRH2REEHICBITHE
REFEOHEVNIREL TRREIT,
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1. BEEOERE,RE

Expression of the sound field using the boundary integral equation

B R ELF# %L (BEM ; Boundary Element Method) i, #8452 (BIEM ; Boundary Integral
Equation Method) (ZH fRE 3 % (FEM ; Finite Element Method) DB (b7 7 = 72 &lE 7~
AT FHETHD, FEE Southampton REFETERINT-ZOMITFIEIX, FEERLZERSEIT
DLETHEREDRIZBIDEE LR IHTED, €->T, RE LEBEOERBREFSOFHOMEN
(XS FTRETHY, BRIETIIRA RYRT 7 =y b EBIESESBTOFIELL THOLR TN,

AETIE, £T2REFHICBIZEE @ﬁ@u,mf@ﬁ fT//’?/I/J’i’rﬁﬂﬁﬁaa;karﬁ
HAEREISORE 2 TRATAECORELBITS, T72bb, 2 KA ERICHIHE
SR FTRADOEHEREZHRTIHLOTHY, BEREREIZOBES FRNCERER OB
BT 7= F IS AUEE D RICBI A E 2B H 4 AT FiETHD,

2RLEFHERER [ ICHENERM THALRET S (Fig. 3-1, HBEICHL TERFEIC—
BReER) . ZOZERNICHRERp CER SEETIHEGELFETIHEEEL, BEUICHE
EZEHLU-WEBIRE r&d 5, Fig 3-1 9, ni3ER T ROEEOER ST 5B 51
B ~_IMVEREKRT S,

Fig. 3-1 The hypothetical two-dimensional sound field
for numerical analysis via the BEM.




i p LERBLE P RS R AL, ZOEETRES [, CH L CRE SRR B A X
v BIT, B p LB r & Ty ASBERIRDIT, B p AL A HED TSR E
e DIEBRET, RV, EE?E'JHE\\r%ﬂP'L~kT5%b&>T/J\éf£¥?§e D REEE T, EF

FIZBRET D, ZIT, NIEBWTHERESAp, r SRR NEREZE-ICQEL, FOERK
NEUER L[, S, [, T)OEEDEL ¢T3, .

BIEED, BRESRANE2 KTZER O ADEED A g T, U T ORIFERAE-SNS,

1 9'®(qg.¢) (3.1
V(g 1) == ) , :
(4:0)== —
where, ¢ ; sound speed [m/s]
®(q,¢) ; velocity potential [m®/s]
Vo= (aa- + Ba JCD ; in case of the x-y coordinate
x

ZIZC, R GDICIIRSNAITFHZERHICLIEF EHEL, HERT VAL 2ARK
HorAHNRG22) DL IcETE, K(3.1) LY (3.3) D Helmholz FRRRKEZES,

q)(q’ t)____(p(q)‘ejmt (32)
Vo(q)+K¢(q)=0 -G
where, | k=w/c ;wave number [rad/s’]

@ ;angular frequency [rad/s]
¢ ;sound speed [my/s]
¢(q) ; velocity potential [m*/s]

2 2
Vip= (;—2 + 58—7 ]qp ; in case of the x-y coordinate
x*  dy’

ZER Q ADFHOLEFER 0.3) ERMS FRALL TR0, UTFOEHET,

Kl 063 cEEoES 8Ky (9) i THE Q LTHA T3,
[.{70(@)+Fo(g)} (9)d0(g)=0 G4)
Bl R G408 | HIC Green RS EBEEA TS,

22T, () RUV (0) I35 Q MR UZDER E (T, S, T,, T,) TF 2B
DEEKZHETHETEHE, KB BUTORIIKRENS,

[[. 0@ (a)d0(a)+ ﬂwm[qo(q)a";—fj’)—w(q)agi )]dS( )
+[ Ko (a)v (9)d
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&7, Helmholz F= (3.3) 1%, EAEHY (9) AN TUTOINIERT
BTENHIEA,

Lvv@+kv @le@da@)+ff,, . (¢<q>——a'§,(,q)"”(")‘a‘(§—i@]=° (.5

where, n; normal unit vector on the boundary of the field 2
IIT, FROEERT XL E 0 RE 2 FED Hankel BETHEL (R (3.6),

BEHB%Y () 2B r MBI 3FRILOFELLTER TS (RG.),

1 HP ( kl p—- rl) ; Velocity potential of the source p (3.6)

4j

1
4j
ZZT, ¥(9)i3 Helmholz HER (3.3) &=+ BL2505, TS
FAATASN

v (a) == HS (Kla=1) 67

ﬂn{vzl,, (9)+4w (9)}o(q)dQ(q)=0 (3.8)
R (.7 RUR(3.8) #R(G.5) ICHRATEE, R(3.9)ABEILATES,

(1 L o 99 (q) -
J.S+Fp+r,+rk{(p(q)a_n(4_jHéZ) (qu—rl))—-Z]-Hé )(k|q—r|)—a-’-1— dS(q)—O (3.9)

r

where, r ; receiver position in the field surrounded by the outer boundary I",
q ; arbitrary position on the boundary of the field Q
r ; normal unit vector on the boundary toward the outside of the field Q
I, ; the outer boundary of the field
S ; the surface boundary of the scatter
{ I' ; the boundary near by the source
', ; the boundary near by the receiver
Q ; the field excluded the area neaby the source and the receiver
¢(q) ; velocity potential at arbitrary position on the boundary of the field Q [m?/s]

4LjH P (k|p—rl) ; velocity potential due to the source [m?/s]

LA S, Helmholz HEZ (3.3) 12 Green DS ERAEHE T L2k,
2RITEE QIL, BEER LOESBEHELUTREINIIEN 505,

E) G9icsasT, bomsEvEH,
BRERp #BEOB/IABRE L, EOEDEITI, AROER ¢, iTBD TS
Winsh, HEERELEOEERT I EBRDOEEDHEFTELTES (3K(3.10)),

!
¢(¢1)=4—J.H<§2’(k8,,) | (3.10)




#-T, KGBIIZRIDT, LOFES I, iZLLFOIS TR bEND,
o1 ¢ [ %)
I, = L,{m)g;[;jzfs-)<k|q—r|>)—4—jﬂs-) (qu-,rn%}dsm)
O (L vt L @, no (L e
n[4jH0 (klg rl)J vt (kla=rl)=- el (ke,) |rdS(q)
1 . (1 o pp 1
"k, {H{, )(kgp)a—(:GHg )(k|q—r|))——H(‘, )(k|q—r|)(—Z;Hl‘2) (kep)J}dS(q)

(3.11)

!

_v'_l
—N—
&)=
—_
e

'l
~—
QU

€p

ZIT, g,<<1 &7 5L, Hankel BSOS R KO ling z"logz=0(EL, a>0)

HY (ke, )< H? (ke,)

W-T, KGIDZUTOINEL TED,

Il‘ ~ __I H(Z) qu rl) JH(Z)(kg )dS(q) (311),

P

FERIC, ARKREIERp OBIAE THHZLEND, LUTOEEIDRIIT D,

lg—r|=|p-7]| (3.13)

W-T, BN, UTOIITEETES,

1 ) 1
L= 1 Hé')(klp—rl)'TjH"”(kep)dS(q)

P

Il

1
-—H (k H‘Z) k do
3 (=)o 7 e)], e,

1

LHO (k|p-r)- < HO (ks )-215, (3.11)”
4j
Hankel B DRI EBEEILY ¢, — 0 DR, EXUIILATITEEIENS,

I, =52 - B (k|p-r] (3.14)
i J

z2<<1 DEE, 0 RKE V1 IRD Hankel BT, LLTFOIICHREBEBILEENS,

HP ()= 1_,-2{10g(2) /}

2

H®(z)= 0- J(——)

nz

where, y =0.57721566... ; Euler's constant
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, HP (z) z Tz z
% 'Cy i 0 = 1 — — | — —_ — = 1 — ——
” !’T‘}{Hlm(z) II.I,I«} zlog(z) Zy=J 2 121_13(} zlog(z)

22, limelog=0 (oo

llm{m} = 0 Héz)(z) < H{(Z) (Z)

. ]l"’

KBNIERBTFAT, LOFEHHEEZEL,

BHS r 2BHOE/NABRE D, LOBSE(TI, ARORR e, 3D TS
Wish, BERELOFEERT Ay MISE SOBEERT 2w
% (X (3.15)),

o(4)=o(r) (3.15)
P->T, RCNIZBITBT, LOES I, iIZLLTOIIIRDAND,

f{‘*’(‘l)“( 27 H” (kla- ’I))—%Hé”(qu—rl)%ﬂ}ds(q)
[ {5 e o) b 222 s
_J { r)(——H(’)(k ,)J—Z%Hén(kar)%@}dg(q) (3.16)

]

]

i

)

r

e, << 1 DHBE, R (3.12) LEEEIC H (ke )< HP (ke,) 2EIL, &
(3.16) i%T@io&:i&iﬂ'@%é

= Lol o
k
= (D(r)"4"7Hl(2)(kgr)'jrrgpdS(q)
= QD(")'Zk-:H,(z)(ksr)-e(r)27r£r (3.16)
J
where,  e(r)=6(r)/2x (3.17)

6(r) ; spatial angle from receiver r to the field [rad]
1 ; receiver r is in the field
e.g., e(r)=4 1/2 ;receiver r is on the smooth boundary
0 ;receiver r is out of the field

Hankel B ORBRERFELLLD ¢, — 0 DB, (3.16) IZLLTICELEND,

I]_’.__f:__’i_) e(r).(o(r) (318)




B #6149 RURB18) 2K GB.9)IRA,

Lo foto)52{ 0 =) |- =) 222 s

—:};Héz’ (klp—'r|)+e(r)(p(r) =0

1

el = L) "
o 03 =) | =) 2 st

i (3.19) i%, Helmholtz-Huygens F&43 ] £ L<iZ [Kirchhoff-Huygens DA &
FEEN, 2 REESFTOERES FRATHD. RG1) kDL, FED
BRS riZBIDEERT YL o(r) D, FEREILOFEELEREVOESE
IZEORDOENDIED 73935

EHIZ, K (3.19) KRV T L BBOTREVG S, I LORIEIER TS

o), K(G19) @R (G.20) ~LEEEND, #-T, BADLS
RRZERFLDHS, (320) 22 KB HOXEHES HRNELTERTS

ZLTED,
1
e(r)o(r) = = H (klp-r]
-/, <p(q)— 1H‘2’(k|q 7) ——1-H<2>(k]q-r|)a¢(") ds(q) (3.20)
4j 45 " on
where, { 7 (r) ; velocity potential at the reciver position [m?/s]

1  ;receiverr is in the field
e(r)=0(r)/2z ;{ 1/2 ;receiver r is on the smooth boundary
0 ;receiver r is out of the field

0(r) ; spatial angle from receiver r to the field [rad]
—H (k|p—r|) ; velocity potential of the source [m?/s]

; receiver position

r

P ; source position

q ; arbitrary position on the boundary of the scatter
n

S ; the surface boundary of the scatter

_; normal unit vector on the boundary toward the outside of the field

& (3.20) ZBkOBE, FEEOBALE ricBIIEERT v co( Nz, ZEHILOF
BELHEAEREE LOBSEIZIIRDOONAIEN 0D, AFETEOIEREREIEIRX
(3.20) #XERE FREREL, THZEEREL, BEHEICIVEEZB/ILOTHS,




Fig. 3-1 ITBWTER [, BEBO TRKERERROARMEE THIEA
(3.19) DR 5y BBEUZBEL TULF DAL ELASELY 30,

- HE (Kl —rl) = - H? (kR) 621
J
T, RG.19IZHBHD Ty LD [ (U T OEICRT LB TES,
) 1 , 1 ; (q)
—_— __H(-) _ B 2a¢)) _
' Jrk{(P(‘I)an[M 2 (kg r|)) 4jH° (klq r|) = }dS( )

Ir
IFR-{w(q)-a-a;[fszz’ (kR))—f;H?(kR)-a%"—)}ds(q)

J‘rR {(D(q)(_—H(’)(kR)) JH“’(kR)M}dS(q) (3.22).

1

4 oR

BT REVES, 0K& T 1 IRD Hankel BEEE, L TFOIINEHENS,

2 i 2 i
H(Z) Hz-~n/4) H® ~ [ L Hz3x/4)
()= % e O ()= 2 e
e T, K32 XL FiziELEn S,
k 2 _jkR=3xj4) |, ] 2 - j{kR={4) 0 (q )
= - _— +— [ —=3dS
rx{q’(q) aj VR © 4j\mkR € R[S

- rk{i _z_.e-j(kk-h/").\/ﬁ(aq’(qh Jko(q )]}dS( ) (3.22)°

4\ nk R oR

ZZT ¢(r)iZ Sommerfeld DHSHREDSERAEIN TBETBE, LTI T3,

hmx/-(—E+jk‘I>) 0 (<I>=qp(q) ,R =|q_,-|) (3.23)

R—oo

#-oT, B2 IIKBB)DREZLEATHEL, Ty LOFES X 0ITE
PlTEBZE B (FH(3.24)),

_ 1 [2 g™ —(09p(q) .
I, = ‘rk{z}\/ﬂ:k'——rﬁ(—a—fﬂkco(q) as(q)

' (3.24)




32 EERUBESATUOITADER

Solution of the sound pressure and the sound intensity

£ (3.20)12LY, BEMEBESOEEOBINIBITDIEERT ¥ /ViX, BROEERT v
AEROBEARE EOBMELVEH TEAILIREN, AHITIE, X (3.20) ITXVEHIN
EERT VAN ELEICEEROEEA T v T4 BT HREEL T,

2IRTEEENOEBEDOR r iZBIIDEE p, RITFEE u, BERT v @ 2K (3.25) OX
HNIFRIETDE, riZBIIEERUR FEETHEERT v/ AVTR(3.26) DEIIZRSN
%, 1AL, ZZ T2 RIEEHEL T xy AR EZREL TV,

p(r.)=p(r)e™ . u(r.d)=i(r)e™ , ®(r.t)=gp(r)e” 329
plr1)= ”W P jwpa'(p(r)a (3.26)
u(r, t)= —grad{®(r, 1)} a(r) = —(5;“'51.}0(’)

where, [ @ ; angular frequency [rad/s]
p ; air density [kg/m’]
{ ; unit vector for x-axis

J ; unit vector for y-axis

IIT, BEERATUITAT (327) TERSN, CORRFETI7TATEB TV
F4 (LT, TBATT4)1L(3.28) 75,

I(r,t)=p(r,t)-u(r,1) (3.27)

. 1 e
H(r)=5R[p(r)-i ()] =3B 5" (r)-a(r)] 5.28)
ULZFELDBE, TEERVFEBAN TUITAHIEERT LV ERAWTUTOLIIIERTZ
LTED,
p (r) = jawp-¢(r) ; sound pressure [Pa] (3.29)
I(r)= —SR[ u(r):' : time averaged active sound intensity [W/m’]

where, [ @(r) ; velocity potential [m?/s]

a(r)= —(gax-i+%j)(o(r) ; particle velocity [my/s]
3  ; angular frequency [rad/s]

p ; air density [kg/m’]
i ; unit vector for x-axis

J ; unit vector for y-axis
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X (320) (TkBE, BERTL oL FROOGNTONE, BE p(r) WEHTERZLN
DB GERERT VY NVOBERICELTE, KE33. TR, —F5, BEBITVyT11(r)
DEHITIE, FE OMICKTFEE a(r) BLELRD, RITEELRDDDIITEERT
ND x-y FEGEITOILERHY, R (3.20) 1L THONDIEERT vV DOFEREZDER
RATHILFTERY, HERT U VAD x-y FRAMSREEZE L T572H120E, 2 (3.20) I1TR
L7~ Helmholtz-Huygens ¥4y ® ARSI xt T D/ —— (g( )%B'Juﬁﬁﬂj'é‘éz EAHDH, LLTIZ,
Helmholtz-Huygens 54y % %%,.‘5 2B\ T n, IO LB E0RERT, RTEEOE

LY
Ho-wiziy, it(3.30)%ﬁ£% —a(-—)%%ﬁﬁézgrb%é(&tﬁ*n TEEA),

)22 - LL i (p-r)|

- {fp(q)

(3.30)

9’ 1 o d |1 o0 (q)
—H?(kla - 2 g (kg - N2 e
Bnran(4j 0 ( |q r|)] on {4j 0 ( lq rl) on (q)

. (3.20) 73 Helmholtz-Huygens #& 73 O A (BF; Basic Form) SFEIEN 20125t L T, 2 (3.30)
I% Helmholtz-Huygens F& 45 DR R J7 85553 7 (NDF; Normal Derivative Form) &FEiE D,




BERED AR DRIERRN

Numertcal solution of the boundary integral formula

2 TR ZERE F R 7‘5{?&%7),.“'(@ir&Uﬁ@/(/T/‘/T/(’i’gu”:'f‘}’-Z)T_ g, =
(3.20) U (3.30) BHBERT L /L o(r) R OEDH FBEE ( )%%:ajuoc S

2V,
AETIE, BTRRESH Fig. 3-2 DIIZRINTVDEL, BHERT VYV ETEDHH
WOEDOEHEIT), B, WEEOERREIZIL/ —vVEFETRIvIVA B, BELALAL T

5LT D,

Line source @ p (xo, yo)

admittance 3,
S

Q

® g (x,y)

! nr (nrx b n’.V)
Receiver /(x )

Fig. 3-2 The hypothetical two-dimensional open field

for numerical analysis via the BEM.

0
ZZTRMET DRI, ﬁ;)ﬁﬂfiyyww(r)&tﬁ%@ﬁrﬂ%&ﬁﬁ——gy) THY, THEROD
XEHERE, X(3.20)" RUR(3.30)° THD,
B Helmbholtz-Huygens &% D E A (BF; Basic Form)
1
(r)o(r) = ;;Hé”(klp-rl)
J (3.20)

1 H® 1 @ oo (q )}
W Helmbholtz-Huygens &5 DR J5 #5453 % (NDF; Normal Derivative Form)

dp(r) 9 R _ '
e(r) ~ on {4]H0 (klp=r]) (3.30)°

Lot e e - |25 st

on,
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Fig. 3-2, (3.20)°, (3.30) IZEAESNTVBRTA—FO—~EE LI TFIZET,

@(r) ; velocity potential at the reciver position [m?*/s]

1 ; receiver r is in the field

e(r)=0 (r) /27r ; ¢ 1/2 ; receiver r is on the smooth boundary
0 ;receiver r is out of the fieid

6(r) ; spatial angle from receiver r to the field [rad]
-41— (kl pP— rI) ; velocity potential due to the source [m*/s]
J
B,(q) ; normal admittance on the scatter’s coundary [m/Pa - s]
) B(q)=pcP,(q) ;normalized admittance [kg/Pa -s’] (3.31)

r = (x,y) ;receiver position

P =(x,, »,) ; source position

g = (xq, yq) ; arbitrary position on the boundary of the scatter

n = (nm, n,y) ; normal unit vector at the receiver

ng = (ns‘, n,, ) ; normal unit vector on the boundary toward the outside of the field

S ; the surface boundary of the scatter
{ ; unit vector of the x-axis

j ; unit vector of the y-axis

3-3-1. EERTUIYIOEH

Solution of the velocity potential

LT, R(G.20) I0EERT Ly L ERT BB T,

B smoretozw
(3.20)° DHEFESYTHIZE £ D Hankel B DIERR J7 A5 21T,

d (1
{7 e

ng- grad{ HY (klg- r|}
4j

1909 L g (rlp-
ng ax +ay J (4jH° (k|q r|)]

_L.n&(xq—x)*'nsy(yq”y) 2 _
4j 1-|g—r| H? (Kla =)

= —%-cos(ns,q—r)Hfz) (klg-r]) (3.32)




IIT,  REBIBERRED/ —<ATRIvFLRE Bg) kL, TR S LIZENT

RptfERZRE T DL, LTGRO,

()= =~a¢(q)/jwp-¢(q) (3.33)

p(q) ong

Jop- B (4)-¢(4)
Jjk-B(q)-o(q) (3.34)

ZIT, B X By EERDTRIvF L ATEE L BRI TRIVZATHD,
wiz, RGB32)RVRGB34) 2R (3.20) IR ALEES AL, UUTEES,

e(r)o(r) = f;Hé”(klp—rl)

on

) (3.35)
—%L{jcos(ns,q——r)-[-]fz) (klg—r|)+B(q)-H (k|q —rI)}(p(q)dS(q)

B srEsossicmmEmr
X (3.35) ZHIERNCAELS =012, Fig 32 \RL-HELEROER S % N EOBRSERIZ
53E14 % (Fig. 3-3),

Line source ® p

Q S" ’ BO(r,,)

,o
l),glq

Fr+2

Iy 'na

nr
Receiver j

Fig. 3-3 Divided acoustical boundary of the scatter which is shown in the field, Fig. 3-2.

ZIT, HEBOER S EOTBEMEZUTOIIIRET S,
DEENENEFNORERERES, S, S, ..., SyEREL, ELEN
T ARA(ERGR) &, n, o, o, yET 5,
FERRAOEERT ¥ VEROTRIvE AL, ERERATHIEA
DEROF RUZBIHELFELNET S,
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Thbb, IITHERERINLT—EERFRELTHY, HeODEENTUFTO
EEISESI TR,
elg)=0(r,) . Blg)=p(r) (n=1,2,...,N) (3.36)

LLEED, (335U TOLIRMELSN-FBICEERI AILNTES,
1

elriplr) = -—_Héz)kp—r
el = gy (3.37)
k& ) ,

-2 0(n)], {eos(ns.a=r)-H? (klg-rl)+ B(a)- S (klg ~r]} s (q)

: N
e(r)-o(r) = 0, (r)=-2{/f0 (r)-o(r,)} (3.38)

n=t

where, [ : (0(" ) ; velocity potential at the reciver [mz/s]

1 ; receiver r is in the field
e(r) =4 1/2 ;receiver r is on the smooth boundary
0 ; receiver r is out of the field

1
0. (r) =27Hé”(k|1"’|)
= velocity potential of the source p [m*/s]
k .
fu(r) =% {cos(mgug=r)-HO (la=rl)+ B(r,)-H (Kla=r)}es (a)

= contribution from the surface of the scatter's boundary .S

@(r,) ; velocity potential on the n th element of the scatter's boundary [m*/s]

B(r,}=pcpB,(r,) ;normalized admittance on the » th element [kg/Pa-s’]

n

r ;receiver position
r, ; middle position of the nth element of the scatter's boundary

n

LR, ®(3.38)&0 o(r) #EHT2FIEEZRT,

OZTES r2BELBOERREOER LIZRETD,
IO, r=r,(m=1,2,..,N), e(r)y=1/2THD0H, RGBINIILUTOIOIERES,

(3.39)

—qo( Z{fs,, r,)-e(r)} (m=1,2,...,N)

2 n=]

O N KiE L HFRAOHH,
K339 ZATHIRELTDE, LATERD,

1/2+f;|(ﬁ) fSN("l) o(r) (Pd(rl)
: . : S : (3.40)

falr) o 24 () llo ()] Lo ()




ERATHIRMEC LT, HELKER LEOEERT v 0(r) (n=1,2, ..,
EMTED (FREL Sf,(r,) DFFEFIEIZEALTE, #HKD Appendix A B8),

1/2+{’31 (n)

f;‘lérN)

LRI BEERT UL 0(r) DB,
(3%)T*wtﬁﬁwiﬁtméﬁﬁ7//vw¢()%f83m;ﬁkb HERT
i o(r)REHTS,

O Fiiz, RHENIEERT v o(r) e AVTEEA T
SNs((3.29)),

3-3-2. EERTUIvILOFRIMSDEH

B #orexorw
f@w)@ELﬁlﬁﬁowﬁ FEAEDE 2 THIZ, anﬂﬁkUT’Wﬁféa

Solution of the derivative of the velocity potential

riZBIBEEBA T T A EH B0
Fd)ﬂil IR FHEENLELRD, RTEEZEIED
2 R EHTALER S,

L,LT R (3.30) JVHEERT Lo L O F MM ELEHTIFHELTT,

S go -l = £ —P)H® (k|p—
- (=)} = cos(, p-r) (Kl =1)

{1 H(z)(qu rl)} — %'COS("N‘I")H.‘Z)(k|q_’|)

wiz, F(3.30) DHEDHEELSEEOE 1 BHEER T,

( L 12 (kla- rl)J

#.(3.32) &y,

N) #1854z

Y2+ fo ()

CRIFZEEH(r) NEH

IZ1%, HUIE 3-3-1. CEHEN-F
X, EERTUIY IO AL

.éi_{—kcos(ns,q—r)Hx(z) (klg-r[)}

){cos(ns,q“’)Hfz) (*lg—])}



R (3.43) DEBICEALT, x FEDRES%EE 2D,

%{cos’(ns,q—’)Hx(z) (kla=r)}

icos(ns,q—r)-H]‘z) (qu—r|)+cos(ns,q—r)-
x

2
2 (g =)+ L)

- r| ~—~——cos(ny,q— r){ZHm(qu r|)- qu—rlHéz)(qu—r])}

(3.44)
[

—a—cos(n q-r) = —
ox 5 dx \R

lg=rl " lg—rf L-lg—rf
= Mse +(xq—xz)cos(ns,q r)

3 .
'a';Hf')(kl‘I—'l) = -

!
>

q_x) ) - 1 (2) _
e L e e

K (3.43) DHEIAD y FEREAIIEL TORIERIZEL T 2455,

——{cos(ns,q r)H? (klq- r[)}

—2—H? (klg-r|)+ - )cos (ng,q- r){ZH(Z)(qu r|)- qu—r|H(§2)(k]q—r|)}
(3.45)

A (3.44) RUK (3.45) 2K (3.43) IZf AT 5L, K (3.30) OFDHBELBEALKOE 118
AT OIS ERIND,

1 k | nngtnn, o -
o (g =r) | = | )
+nrx(xq—x)+n'y(yq—y)-cos(ns,q—-r)
l-|g—r|
{28 (klg-r|)~klg—r|H® (klg-r])} ]
k

[ cos(n,,ng)H® (k|g—r|)

el
+cos(n,, g—r)cos(ng, g—r)

{kla~r| B (klg-r))~2H2 (Kla~r])} ]

(3.46)




by, (G4, K(3.42), K (346) K (3.30)° (2 AT 5L Helmholtz-Huygens
BODOF WAL TORTRT LN TED,

90(r) _ & 2
e(r) 75 - 4jcos(,,,,,, PV H? (k|p-r]
_k J': {cos (n, nS)H,(Z)(qu—rl)
la=1 (3.47)
+cos(n,, g—r)cos(ng, g—r)
(kla=r|#? (klg —rl)-2H} (klg ~ 7))}
—cos(n,, ¢—r)H” (klg - ’|)a(p,fr) }ds(q)
S
tIT, H(334) 50, ag}f"h KB(Q)olq) — <oEmD,
S

ERBE DR BEEMALEDL, BEBORBATFIvZZEAVWTUTOIIIRE
T&D,

N SR
—L v(4) cos(n,, ny)H® ~-r
] 2L costn m) 1 (=)

(3.48)

+cos(n,, g—r)cos(ng, g—r)

(Klg=r| 57 (kla =) =2 (lg )

—cos(n,, q—r)Hl‘Z)(qu—rl)'jkﬁ (9)e(q) :IdS(q)




B srsiossicmismr
AT 3-3-1. @ 2) EAHRIC, RK(3.48) ICBAL THEERIL RIS FRETHD,

BELARREmOBE R Fig. 3-3, X (3.36) TRLEIIC—EERLL THRLEL TS
BE, IN(3.48) LEERT LD F RS — (p( )Piu\’FUD“CTi\%éﬂé

a o(r ( N .
4
e(r)- =v,(r)-2 g5, (r) (3.49)
an,- n=l
where, o0(r) - . , :
5 ; normal derivative of the velocity potential at the reciver r [m/s)
nr
1 ; receiver r is in the field
e(r) =4 1/2 ;receiver r is on the smooth boundary
0 ; receiver r is out of the field '

v, (r) =4chos(n,, p—")Hl(z)(kll’""D

8 (r) =g L] rogleosin m) B (klg—r)
J +cos(n,, g—r)cos(ng, g—r)
(klg=rlH (Klg~ )28 (kla - ) }o (q)
cos(rm, q-r) B (Klq 1]} k87, )o ()] (4)
@(r,) ; velocity potential on the nth element of the scatter's boundary [m*/s]

B(r,)=pcB,(r,) ;normalized admittance on the nth element [kg/Pa-s*]
—H{? (k|p-r|) ; velocity potential due to the source [m?/s]

r ; receiver position
r, ; middle position of the nth element of the scatter's boundary

BELEOER LOBEERT w1 0(n)i%, BRI (3.40)° TEHENRTWAED, +
oz (3.49) RATHILIZLY, BERT VU VOF RS 5 a( )75 SEHEND, M,
B go(r) DEHFIEICBELTL, EERT U Y/VOBHOBIZHLELRBEE fi(r) D
BHFELRERL THS (K (3.38), KD Appendix A BFR),

Pl kvEHSnE () LR FEEE a(r) 23R, BIE3S-1L CHEMLETE

b(r)ezok 7k &(r)%:%b\é:}:'@ SZEAICBIIEBA T VT4 I (r) BEH
TEB(%(329),




3-4. SRIGEDEH

Application of the mirror method

ARG TRIOFOEEGTT NV (Fig. 2-1) DIICERROBILREH +2EHOMTTIE, H#E
EREALTHEZT). ZOHE, KISHL CHEOMEICEERE OREEOEGSETHIC
ftEns (Fig. 34), | |

a)v

Line source
P e

b) v
|
Line source
P e
U > x
i
pe q
Imginary line source &
admittance 3,
c)
A
n,
Line source , /
pe A Receiver
O
j R 431 ™o . . . L
' rag & -
, q
D e n Fim2)
Imginary line source ™ =)
gmary r ,ﬁ?tf\“\
S, Bor,)

Fig. 34 a) The original field with the infinite rigid floor (ground). b) The mod-
eled field with mirror images of the line source and the scatter’s bound-
ary. ¢) The divided boundary of the scatter for numerical calculation.
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IIT, BREREICIAFEHEOBRBIIBOTHILEOEREREN NBIZHEIEATY
BEBE, BRESEASNEESTE, REAOERLEREADET 2V BOERERI
U THEBEEZITORTIUIRLR, TOZ8E, BEHRIIENTELIVE2—FDEHZE
THHITHIEHOER (K (3.39)) 2 4 fFIZ2 BT EHRL TV,

AETIE, BHOSHEEZFAL, SERESEREINZEHOBITIZBWTHEOERLE
ITHOFEZRLT,

BB LVFT I SN R FER OB ELGOEREE TS (Fig. 3-3-2) 1%, K (3.35)
FOUTFTOINIREND, ZIT, p I IRFHROME, S IBRIGCOHEEOEFEELERT,

1 '
e(r)o(r) = 4—].{H52-’(k|p—rl)+Hé”(kip ~r)} (3.50)

"%fw{f cos(ng,q~r)-H? (klg~rl)+ B (a)- HY (kla-r)}o(g)dS (q)

IIT, S, S, B rEr, PEBEICHLTHRELAIDIEREROESHITEITIE
(Fig.3-3-c), =(3.50)i%, F(3.36) ~(3.38) LRBRDFEIZIVEL T OIIZBERLR R TED,

e(r)-o(r) = @q(r)- Z {fs,, (r)-o(r,)} (3.51)
n=tl,.
where, | @(r) ; velocity potential at the reciver [m?*/s]
1 ; receiver r is in the field
e(r) =4 1/2 ;receiver r is on the smooth boundary
0 ;receiver r is out of the field
1 - 1
u(r) ={HE (lp=r) +4 (lp'=r)
= velocity potential of the real source p and the mirror source p' [m*/s]
s P
k .
Saulr) =% [ {icos(ng.q-r)-H? (kla-r))+ B(r,)- HS (klg - r)}as ()
= contribution from the surface of the scatter's boundaries S and S
@(r,) ; velocity potential on the nth element of the scatter's boundary [m?/s]
B(r,)=pcB,(r,) ;normalized admittance on the n th element [kg/Pa s’]
r ;receiver position
r, ; middle position of the nth element of the scatter's boundary




H (3.51) 12K (3.39) ~K (3.40)" LRARDOFEAFERTIE, BELGBERE LOEERT T+

ne(r)ix, UToT5ERXTREIND,

F1/2+.f51("1) f:S‘N.(rl) fs_,v. ("1) fS_].(rl) ——(p(.rl) ] ((Dzd'(rl)
fm&rzv) 1/2"'][‘51\/ ("N) fS_N.(rN) -/:S‘_l.(rN) 9"("’1\') _ Pay .("N) (3.52)
fsn(’_N) Sow ("_N) 1/2"'/{5._.&/ (r_N) fs_:(r_N) (0("_N) - Py (’_N)

L fs1(r_.1) Jsu (r_l) fs_N (r_l) ) 1/2'*']:?_1 (r_l)__(P(r_l)J | Paa ("_1”

DY ELFEELTAEDIC, 70(3.52) 1% 2NV EOE T Bt TREIN,
TIT, BHORENLR (3.53) RUR (3.54) DEMRE VDL, K (3.52) 12 (3.55) (2 EX

B2 DIENTES,
0u(r,) = @u(r,) (3.53)
fs_n(’_m)' = fuln) (3.54)

V24 fu(n) o Saln) ) () o) | [ontay
fskr,«) 1/2+f:s~(rN) JSN(r_N) fs_lir_N) <P(;,v) eu(n)| 359

fa(r ) Sulrw)  Y2+fu(r) - fuln) <p(r:_,,) B %d:(m)

i fSl(:’_l) fSN(:'_n) fSN:(rl) ': 1/2+/:’Sl(rl)J_(P(r_l) | 02 (1) |

= (3.55) D 2N ADBFFIERDIL, ro 2B T22 X2KEHLEZOMIEEETHE (X
(3.56)), BEARBEBOREERT L v ACELTOERTICHL THETHBIERS,S (R

(3.57)),

2 {f5u (1)~ Fou ()0 (1) -0 (1)} =0 (3.56)
o(r.) = o(r.) (m=1, ... .N) (3.57)
RG5SDNERGSHDITRATBE, UTEED,
[o(r)]
1/2+f;31("1) fszv:("l) fszv:("'l) fm(s"_l) o(ry) [(pus(rl):l (3.58)
fa(ry) - Y2+ fo (ry) fsw("_zv) fs_l("_zv) (P(;rN) @24 (ry)
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FICLEAERTIE, BRELTNEOESFBALL TR TN TE(K(G.59),
K (3.51) &K (3.60) LLHHILENTED,

1/2+f51(r|)+f51(r_1) fszv(’l)"'fszv(r_l) go(r,) (pza,(r,)
: : = : (3.59)
fs1(’~)+f51 ("_N) e 12+ fo (m )+ (r_,v) o(rv) @2 (7y)
1
e(n) 1/2+f51(rl)+f51("_1) fSN(rl)+fSN(r_l) @, (1) (3.59)°
o(ry) f:S‘l(rN)+f:S'l(r_N) o 124+ foy (o) + S ("_N) @20 ()
e(r)-0(r) = 02, ()~ LA () + £ (}olr) (.60
where, { @(r) ; velocity potential at the reciver [m*/s]
1 ; receiver r is in the field
e(r) =< 1/2 ;receiver r is on the smooth boundary
0 ; receiver r is out of the field

: _
0ra(r) == {H (klp=r)) +H (klp'-r]) }
= velocity potential of the real source p and the mirror source p' [m®/s]

fa(r) =§L"{J'c08(ns,q—r)~Hf” (klg o)+ B(x,) H;? (klg—r|)}ds ()
= contribution from the surface of the scatter’s boundaries § and §'
@(r,) ; velocity potential on the # th element of the scatter's boundary [m?/s]
B(r,)=pcB,(r,) ;normalized admittance on the nth element [kg/Pa-s’]

; receiver position

~

r' ; mirror receiver position
r, ; middle position of the nth element of the scatter's boundary

n

YU ELY, %@%ﬁﬁiﬁ%éﬂég%wﬁ@w:ﬁu\‘C&i, K (3.59)° IRV EELERTOBER
Friene(rn) (n=1,2,.,N) &Ko, ThHEK (3.60) IKRATARIEICLY, ZFFEArilE
FREERT LN o(r) B THIENTES,

IOFHEICLY, BELKOERE SR N EOSEERICLZFEN N TOET FRKOME

THEAIENTE, ILEa—FOHBAMNERBIZBRTHILETES,




3-5. BEIET IL~DEH
Application for the examined field

Fig. 2-1 ITRL728951S, RAICHBITIRIEET VL, BREOAILKZE T2 KR TEE
EFNTHD, 0T, BERABFHECLIRMAITICROTIE, SEhEZEAL (Fig 3-5, o
B34, THREAEFEEAV TR, M, KRTCHE, EERECESE»bOEE
OD%Er(ZDﬁ@#ﬁBﬁoT}sD, ZOBEIZIE, Fig. 3-5 DFHPETANLEYRFELZEIEL, 858
B E BRI CRUBARAT 2179,

i , \
R 1\

”

. leSaa !
mixing console it A T
)
__J-.,,_;-_q4

5-7/--——’

”
AN
-—‘-_-—-
N

,/ imaginary mixing console
s,/
—@ imaginary source
4

e

Fig. 3-5 The examined field; a) the original field, b) the equiva-
lent field with the mirror image.
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Fig. 2-4 Three types of a mixing console are examined. Unit [m].

BELKLABIF Ly Iy —A (Fig 24) ICBLTHE, BT R ORET FIvs
YAX0, TROLBIBERPRESN TS, BRERLHRIIIHEITIHE, —KHOIZITE
BOREEP/PIVIZE BB ELBODIILNTED, +HoREVTEELZBI-DOERERD
REZIL, WEGBORRICHLLDD, BHEFEBROFERICEALTL, ARFERED 1/8 ~ 1/10 BE
DRESESBEBERLTALETHIRBITREELBLNIILBIREINL TS [10), BiZ, R
EFZTEORKELR/MEICKEREDNAELTVDEE, FBTHEEMNMETToILICBELThHEE
ENTWA (11}, ZhozEEEL, RHETE, X7z y—A0ERE [HTBEED 1/8
BEUTIN DI BRKEROREINE/NDEROKEZD 2 FUT 1 ERDIIICERZHFIL TVD,

B EEEICEBLTIE, 124 2277 —THR TORTICIVHo M ERBE CEHTLIH
TEN-, HEFHEIZRBWTL, 1244077 —T7 ZLICBTBEEEZRIRLEEEZTT>TWD
(Y& 3-6., Fig.3-9 ~ Fig. 3-12 &),

UTF, AR CAVWEERAEREI LA REFELEGEZELDTRET,

1) SEEEER,
BL, —EORIEEFFRS
2) XTIV NVOBERTRIvI A =0
fBL, —EDORIEZIRS
3) IXILTALY—AOERNEEEOKEX
FRATE 3 1/8 BRLULTF o,
(BARKBEROKEX) €2 XB/NEFROKEE)
4) BEESHEEEROSEARKER
124 25 —7 ik

BL, FBIZIY—APBFELROGE, TROLEREORILRDINEFEET DHEDOEE
SATICRIL T, SRERIAVT, TR THD Hankel BIEOMEICLIREZBHL TS,

M, LERATAHORSICELTE, 2 KSR SRS R BT BILITLY

FEREITOoTCNB(EA4E, ES5ESR),




3-6. EOIE—EMEREDZE

Effect of the non-uniqueness problem on the numerical calculation

BERERELAV-REEORMEMRITTIE, X (3.40)° [ZBIAEITHEHENEHLTLED
BEICRERRELELTLED, ZOIORBRRIT, EIHEN (3.40) OEDITHINEETEE
720, MA—BIZEELRVEAICALD, TOIIRMROFE—EMORMEIL, —ARICEEGD
PY#5 Dirichlet FIEEOE A B EIC 5V TALBZENTEN TS,

RO —BHICLIETREDOHKEFIEIZEL TIX, Schenck (245 CHIEF (Combined
Helmholtz Integral Equation Formulation) [12], Burton & Miller IZ&5FE (13, 14], BHRICEDF
B [15,16] 72 % ONDFENBREEN TS,

FENTIE, EROEREREIINTIHEANES THY, WEHDRIITETFRNITOHNE
W TR EEDND, FEROFEEZRWTRSRET L (Fig. 3-5)z:ﬁcjéﬁfﬁﬁ’éﬁ%ﬁ%@ﬁ%ﬁ%ﬁio

BEDOFEIT, #WELEOREFONM, Tfoc:bf;ﬁ&ﬁﬁfiW%K@:%?f:&:%%ﬁﬁ%ﬁ&“m‘é:&?
TR ZEZDOEUZBEEFIRE SR ~LT T, BTN B I HERELRETEIFE
Thb, AA—VHICIE, ERRECHLCRERORELAML, SEKOERIC Bk 2
TeHDET MALETT), BEHEBFIRROFELZZOFEHATIN, FHRELT, MITE
EIEHD 2ETEALNSERIVEVEREFERIZU7MENS (Fig. 3-6), WEMNRFEE
BT B10ITiF, EAEETHIETHRTETHIH, TIUE O EREZ O EI-HEM /I
LRVHAERTOERERTILIZRD,

Error level of the calculated result

Modeled field

a) vy .
N A
admittance 3,
Pe re |
Line source X Receiver
> x confidence area
Jo JTHz]
b) v Modeled field Error level of the calculated result
A internal S dB
admittance 3,= 1/p S A
admittance 3,
pe (7 re
Line source Receiver
> x confidence area 4
1 t >
fo A=2¢  [IHz]
Fig. 3-6 Image illustrating of the Ishiduka’s method; a) conventional method, b) improved

method.
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LUF, Ixv v 7ary— Type A (Fig. 2-4) IZEERDOFiEZERAL, Zi*ﬁ%&%—’fgw:jsﬁéﬁi
a2z Bl TREER 1T,

fRHTET /L% Fig3-TITRd, JITH, IMBREREDTDIL, IF o 7ary—LORE
CEFTIZEERESE (TRIVZ U R 1pe) DERMBRITON T D, NEREERLRAERLD
F7 'y B, r=3em &Lz, #E0T, X 22 X 1, $/2D 5.7kHz LU T OF BRI TR
EOWENHIFHTES,

Monitop
source Mitoring distance /
=3 . z

—~-—S

— ’ receiver

Mixing console S 2
Type A S

/ W Floor (infinite rigid ground)

ng

Conventional method Improved method

Fig. 3-7 The modeled field with improved technique. The interior ab-
sorbing boundary is inserted. '




BB

Type A DIF 7 ary— U281 BNE Dirichlet BIREIZ, X (3.61) THRIh, ZOEFAE
WEIIR (3.62) TEENSD, ZIT, MZ Dirichlet BIEI, BREDEEER 0 LLIBADEE
E—FEHTHY, BEREORFEEL 0LL, cos B TERINIZ—FLEZOEEE—FE

BLIZR2->TNS,
p(y,z) = A-sin(n"'lﬂy J-sin(n"lﬂz] (3.61)
2 2 "
_ C'-n)y c.n: (362)
s h )= + | ——z
foln, ) [21)' ] (212 J
where, ¢ ; sound speed [m/s]

[ ; depth of the mixing console, 1.0 {m]
{_; thickness of the mixing console, 0.1 [m]
n =123, ..

LTI, BRERBEE S, 2—BEVL005 10kHz ETHIZET S (—EEI5E),

Table 3-1  Natural frequencies of the interior Dirichlet problem for Type A mixing console.

(ny,nz) (1,1) (2,1) (3,1) (4,1) (51) (6,1) (7,1) (81) (9,1) (10,1)

Sfo[Hz] 173k 1.75k 1.79k 1.85k 1.92k 2k 2.1k 22k 231k 243k

22

(ny,m2) (11,1) (12,1) (13,1) (14,1) (15,1) (16,1) (17,1) (1,2) (2,2) (3,2)
fo[Hz] 255k 268k 282k 295k 3.1k 324k 339k 344k 345k 3.47k

(ny,n.) (48,3)(53,2)(27,5)(56,1)(41,4)(28,5)(49,3)(54,2)(29,5)(57,1)
972k 973k 9.76k 9.77k 9.84k 984k 9.87k 9.89% 993k 9.94k

996k 10.01k

Table 3-1 £V, RREEET/V (Fig. 3-NICBVWTHEFEZAVRWES, 17kHz U EOFFE
BT TRRATRREPE LD ENTRIENDS, o, ABRLZIICHEBFEZRWHEEIZT
BlENDEERIRIL S.TkHz L T THD, €->T, XEFEZAVES, 1.7kHz ~ 5.7kHz O
HIRIZ TREDWUENHIFTED,




Fig. 3-8 {2, WEFEFHVVARVWBELUEBFELAVWEGEOHEREREY T, HEIL
1kHz ~ 7kHz O#IHB T 2Hz ZEIC LP (CBITBGERZEH L, BP, REKRPUEFE
ERVRWBEOHERBRTHY, BARIREFELAVZHEEOHERRTHS, #RIT,
BHEFHICBITAERIGETEELTWD, M, HFOTFHERENL, PIEB Dirichlet FEEIZ
BIABEFREEEEZRL TS, Fig 3-8(2&5L, 5.7kHz B0 TILFIZENBEL THDHHLOD,
REFEXAVAILIZLY, 1.7kHz ~ 5.7kHz OEIRIZB WO TERD FEIZB O TRLNAH
E— IR BREBESNTOBIER M5, £, BEREESETTIHZIOBEEIZRBNT
WENRELHERTHILNTES,

Frequency response @ L.P. : Type A, 2Hz/plot

1.73kHz (1, 1)mode 5.72kHz (3=21, t =0.03m)
10 :'——" ‘T——_' T
IV NN A I J.uumuwuululﬂwmuwm:ulluuuuw .
g5 '
k) !
T |
[N
“ g
he
o
N
®
E-5 V'
- |
|
-10 {
|
-15H Type A
conventional BEM |
with absorbing interior surface I
-20 I I T —
1k 2k 3k 4k 5k 6k Tk

frequency [HZ]

Fig. 3-8 Comparison of the two calculated results; the
conventional BEM and the improved method
proposed by Ishiduka. The modeled field is
shown in Fig. 3-7. Type A mixing console is in-
serted. The gray and the black lines indicate the
results via the conventional method and the im-
proved method, respectively. The 0dB indicates
the response in a free sound field. Down arrows
indicate the natural frequencies of the interior
Dirichlet problem for the Type A mixing console.
Calculation was conducted at 2Hz intervals.

Fig. 3-8 I2XY, BEOFEEZEEMITICROANSZLICLY, RIEETNVICKITIFHENRE
IZEHERHDBLENERSINT, LhL, REBFEOFEICIZFERBREOEBEWIIS, EAH
IZIXER TERRETHDHLEELLNS, Fig. 3-91%, RKRDEES 10Hz ~ 10kHz DFIEIZHB T,
1196 28 —T7 ZLOBREEIZBVW TR THD, BP, KERVPUEFEZRHVRQNE
BOHERETHY, BABRIUEFEZHAVESAOHERERTHS, Fig 3-9128%L, o
IORERBEORMETEIZRVTEL, I S sy — L PES Dirichlet BIREIZ 3515 531 Bias




EORBINITB/E TEAIEN DD, F1-, Fig. 3-101%, FREOHEX 124 408 —T 7LD
FEREIZBWTHT o7/ R THD, Fig. 3-9, [RERIZAER Dirichlet FEIC BT D AEREORE
IR TEAZEN 503D, E£7-, Fig. 3-9 & Fig. 3-10 BT AL, HBICAFE THELL TS
PRI BT DB R DR ELL TiX 124 328 —T7 LD BRI BT A EETHS
IZE DR HAERBE TETWAIEN DD, RIFRIZ, Type B, Type S ®IF oz —)L (Fig.
24) LT, REBFEOFEILIENE 124 475 —T ZLOBEBIZBOTHELRER
ZENELLFig. 3-11, Fig. 3-12127R 7, Type A DFEDFHEFEREFISEIZ, Type B, TypeS D
IR AT ONTE, AR TRHELL TS PERBFFEIZIBVTIE, P Dirichlet
MBIZR T D EREOREITEFTELLEZILND,

Frequency response @ L.P. : Type A, 1/960ct. / plot
i

-
o

(3]

Wﬂ

o

]
(8]

Normalized SPL [dB]

N
o

.

-

(¢}
1

Type A

conventional BEM
wnth absorbing interior surface
,20 H 1 HIH R | 1 H HR N R

10 . 100 1k 10k
frequency [Hz]

Fig. 3-9 Comparison of the two calculated results; the
conventional BEM and the improved method
proposed by Ishiduka. Calculation was conducted
at 1/96 octave intervals. Other conditions are
same as the one of Fig. 3-8.
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Frequency response @ L.P. : Type A, 1/240ct. / plot

10 1
i
!

~ 5 —

m .

3 N

. \ / ik

@ O

[J]

N ;

g -5

[~}

zZ i

-10 4
H
. i
-15H Type A
conventional BEM
with absorbing interior surface
-20 1 N W 0 0 8 i SO SR N 1 O
10 0 1k 10k
frequency [Hz]

Fig. 3-10  Comparison of the two calculated results; the
conventional BEM and the improved method
proposed by Ishiduka. Calculation was conduct-
ed at 1/24 octave intervals. Other conditions are
same as the one of Fig. 3-9.

10 Frequency response @ L.P. : Type B, 1/24oct. / plot

—_ D

g i

=

5 o \ A

©

L5

£ { HIBIBL

[+

2
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Fig. 3-11  Comparison of the two calculated results; the

conventional BEM and the improved method
proposed by Ishiduka. Type B mixing console is
inserted. Other conditions are same as the one
of Fig. 3-10 (Calculation was conducted at 1/24
octave intervals).
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Fig.3-12  Comparison of the two calculated results; the
conventional BEM and the improved method
proposed by Ishiduka. Type B mixing console is
inserted. Other conditions are same as the one of
Fig. 3-11 (Calculation was conducted at 1/24 oc-
tave intervals).
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