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Appendix A : Calculation of a boundary integral

fHEREL T, BEREREICBIIAIEERT ¥
NEHOBRIZ LB LRDIREL fi(r) DEH T EEIZES
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M. Nakaki

A-1. BUERRITIZH 1T HE L HIEXDERY

. Coefficient of simultaneous equations on the numerical analysis

AT, R(G.38) RURGA9) WK RLIEERTEST FRNEAMIILIZLY, HEHE
RE/TND, ZROOES FEREZHEIT-OIZE, FORBUATINZEEND fi(r) KT g,(r) D
HENLETHD, INOLOERBOBHEOEOIZE, HEIERES,) LICBTIEPHENLE
LY, FRICIEZVEMRFIERLELIND, ZITHE, INLDEEDIL f(r) ZBIIZEY
(R(A), TOHEFELMHRTD (19, M, go(r) OREICHL TOERANZEHIBREIZ
TRERRZTTD fo(r) LRL THD,

B Helmholtz—Huygens ¥&% O E & #2 (BF; Basic Form)@%ﬁ”ﬁ{ﬂ:ﬁﬁ
SHERT ¥l o(r) DEHK

N
e(r)-o(r) = 0,(r)=-2{fs (r)-0(r.)} (3.38)
n=l
where, [ @(r) ; velocity potential at the reciver [m*/s]
1 ; receiver r is in the field
e(r) =4 1/2 ;receiverr is on the smooth boundary
0 ;receiver r is out of the field

-
0, (r) =Z;H$"(k|1’-’|)

= velocity potential of the source p [m?/s]

fulr) =%, Licos(noqr)-H (Kla=r)+ () 5 (g )
= contribution from the surface of the scatter’s boundary §
@(r,) ;velocity potential on the nth element of the scatter's boundary [m?*/s]
B(r,)=pcP,(r,) ;normalized admittance on the nth element [kg/Pa -s%]

; receiver position

r
r’l

; middle position of the »th element of the scatter's boundary

K (3.38) IZE ENDREL f(D)

Jau(r) =§Lﬁ{jcos(ns,q—r)-H#”(qu-'l)+ﬂ('n)-H52’(qu-rl)}dS(q) (A




EREAOHE

B Helmholtz-Huygens #8573 D ;&8 A R# 5 #2 (NDF; Normal Detective Form) DB #I{L FIR

. oy _ , . dp(r
:@rgmwww@&ﬁﬁmwﬁ@%—) DFLH
dg(r) 3
e(r): =v,(r)- Y & (r) (3.49)
on, o
where, | op(r) L . . .
3 ; normal derivative of the velocity potential at the reciver r [m/s]

nr
1 ; receiver r is in the field

e(r) =49 1/2 ;receiverr is on the smooth boundary

0 ;receiver r 1s out of the field
L .
v, (r) =;17°05(n,,p-r)H.‘”(kIP-'l)

ko @ (klg—r])
gSn(r) 4‘]-[;”[ lq_rl{cos(nr’nS)Hl ( lq rl)
y +cos(n,, g—r)cos(ng, g—r)
(klg=r|H? (klg=rl)~2H (klg=r])) }o (q)
—cos(n,, q—=r)H (klg—rl)- jkB(r,)o(r,)]aS (q)
@(r,) ; velocity potential on the »th element of the scatter's boundary [m*/s]
B(r,)=pcB,(r,} ;normalized admittance on the n th element [kg/Pa-s*]

-‘117 HP (k|p-r]) ; velocity potential due to the source [m?/s]

; receiver position .
; middle position of the »th element of the scatter's boundary

~

r

n
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A2 BHBIZZEANEENLEMGE

Calculation when the receiver is not on the path of integration

2 (3.38) #EBRICB VT, R G40 ISR TELFEROBOBEHNLELRD, TEAr
DS S, FIZEENRVEED f,(r) DEHIZ, K (3.40) ([TEENDIHREATHIOR AR5 LA
HNOBEFEOEHEIIBVVTHLELRD,

1/2+f31(’l) fSN(rl) (P(rl) (Pd(rl)

. : S (3.40)
fsn("N) 1/2+fSN(’N) ‘P("N) (Pd("N)

UT, ZEArBESKS, EIZEENRWEED L) DRLEREEET.
IIT, BEHEORDOu—)VEEE Fig AR TIORTHIVNERTEERET D,

Receiver
r(x,y)

Line source ® p

S, ; surface element of a scatter
! ;lengthof S,
r{x,y) ;receiver position

g (x,,y,) ; arbitrary position on S,
ns (ng, ng) ; normal unit vector on S,
(x,,y,) ; edge position of S,
(x,,,) ; another edge position of S,
(x,,,); middle position of S,
¢t ; parameter along S, (-1 <1<1)

Fig. A-1 Local coordinates for calculation of f;,(r). The receiver r is not on S,

BERERE S, O—% (x, x,), MEE (x, y,) £T5E, S, LOEEDS ¢ IZUTOIICET
TENTED, ZIZT, (X, V) REZRFRERL, (1L, IR0 HITERTHD,

4,y +822
Im T

(A.2)

qs(xq,yq)=(x,,,+x2;x‘ 22— )

(-1sr<1)




RRRICENEE 2 HVWAE, S, EOESIE, UTOIDICRTIENTES, 22T, 1S,
DERXTHD,

J, ds(a)= [0 da j dr (A3)

Ryl

R (A RUR(A) ZR(AD IKRATEE, fu(n) i, ENEE ORI RBUICESHRA DT
EBTED (R (A4)),

k1 ) 2
S5 (1) =Z"2'f_ll{j COS(ns,q—r)-H,m(k|q—r|)+ﬁ(rn)-Hé"(qu—r|)}dt (A.4)
== q—-r=(xq——x,yq—y)
=(x + 20 =X, Y, + 220 t—v) (A.5)
m 2 m 2 o/
3 2
|q—fl=J(xm+x2;xl 't—x) +(ym Y72yl - y) (A6)

&Iz, H(A4) DEFESEIZE ENDFH MRTL cos(ns, g-r) DRHZEATI,
IIT, S, DEAIERASTML ngld, (x, 1) 23D (5, 3) [KAD THISERIZAWV TS50
E4B, ZOBE, BAERSIMY ng X, RIMNV (xex, yon) & -m/2 BlERSE, BRE I TEYE
LFDIEITIV/OILNRTED,
ng | 1 [cos(-n/2) —sin(~n/2)][x -x
" Hl[ in(-r/2) - cos(-7/2) ][y —y,J
[ y;-y.)/l] (A.7)

—(xz"xl)/l

(A5~ (A7) XY, FERTE cos(ng, g-r) 1X, LATOISNIRTIENTED,

ns-(q-r)
cos(ng,q—r)= I"sl =]
_ -3 (% —x) = (0 =x)(x, =)
1J<xq ) ( )2




2 (A5), R (A6), 3 (A8)ER (A4 AL, BAZH (IcBIL TR [ 1] OBE54T
STUITEY, folr) BT AILNTED,
M, EROHBICELTE, UTO&EETA,
L fulr) DR BRI T CRD DN TERN D, S EI DR DD,
FICTIE, Gauss-Legendre SRFFEIZLVEEREZ S TUD,
2. EEOINCHER A M OREERELS AL, HEIOERE S
WISEEDICRETBoET, BRI EBRRESNS, #10, B
PE AR BB L B AT, BROBERE SEIEA KSR ETS
ZliTD, ERICHEM T a7 0B ERTASEICIE, IORICEETS,

A-3. BRRICREANESENLNES

Calculation when the receiver is on the path of integration

R (338) ZABRIZBWNT, RGB40)IFRTEILHFEBROBOELENSLELRS, TEA
r’EOES, LICEENDEED () DBEHIZ, RGA40)IZEENDBETIIOR AR T D
BHICBOWTHRELRD, ZOHRE, TEArit, BEEHAS,008) B TAZILIIRD

(r=r, Fig.A-2),

Line source ® p

Receiver 7,

S, ; surface element of a scatterv
{ ;lengthof S,

r, ;receiver position

¢ ; arbitrary position on S,

ns ; normal unit vector on S,

¢ ; parameter along S, (-1<t<1)

Fig. A-2 Local coordinates for calculation of f,(r). The receiver r is on the middle of S,, r,.




ZELAr,DB, S, BIZHHTEND, BAERSIML ng EXTIV (q-r) IZEICER T3,

cos(ns,q—r,)=0 (A9)
(A9 ZR (A D ICRATBE, fo(r) 1E, LFOLICETZLHNTES,
Jon (7, ='f {(r,)-H (klg-r,|)}as (4) (A.10)

IIT, BEAREPLELEER e, (<<1) ONHEBET, ML, HESLLTESIOERAS
NTOB (Fig 3-1). #oT, R (A10) ICBITDHAEIL, SEE r, OFEEL ¢ 2RV KRE
25, Efz, H(AN0)ICB T AHFES B, r, 2P LB THD, HE-T, R(A10)IT
ENEE  ZRAVTUTOINCRTIENTES,

fsu(r,)=

B(r)-2 1in})£/2 H® (kt)dr
(

) gim [ B (2) | (A.11)

&, =0

z=hkt LEBTHE

22T, R(AI)ICEENS Hankel B OERS lim [ HY (2)dz iZBIL TS,
Hankel B8R ERET 5L, LLTOIIIIRTILENTED,

Hy? (2) =J,(2) = jX, ()

=m__(_—ﬁm_ { log ( /2i (_2/4) - ZW (zj/:?m}

mm!T(m+1) ~mT(m+l) =«
=2M[1— j—z—{log(z/Z)-l//(mH)}] (A.12)
m=0 (m!) /4
where, C(m+1)=m! ; Gamma function

u/ m+l =—y+2n ,l,l/

n=0

y =0.5772156649... ; Euler's constant
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H(A.12) ZFv 5L, Hankel B O EFRE \iuT&tokf{hk#T%é

JH‘Z’ (z)dz= jz( 2/2) [ j—z—{log(z/Z)—w(mH)}}dz

m=0

SR N T
=220(m')) { 2/2_::} -Jj= {log (2/2)- (m+1)}] Jgi D" {( z/2) m}'[—j%]d(z/z)
225 CU 200y (] -25 D (;2)G"
a1 tester -y el 2SS

2m+1 2m+1
=0( )2(2m+1)‘1 jn {l ( / ) W( ])

1
S 1” (A.13)

{€-TC, Hankel BABDOERE DL, LLTERD,

fsn(rn)=Zgw[l-j%{log(aﬂ)-w(m+1)- =

m!)" (2m+1)

-iﬁezg({—”?w[l—jf{nog(b/z)—w(»m)- ]

m)’ (2m+1)

3 %[l-jﬂlog(a/z)-w(mﬂ)-2m‘+1”

-Lﬁgzi(zﬁ%[(bﬁ)m {H,;(w(mmz;ﬂ]}_,-%(b/z)w log(b/z)]

- a’i%[ —j%{log('a/z)—w(mﬂ)-2’:“” (A.14)

-+ whenm=0 11m(b/2)2""'l g(b/2)= M (b/2)2m+l
, {(b/z)-(mﬂ)} b (2m+1)

N(A14) ROK(AID XY, fo(n) X, UTOXTHETHIENTES,
H, EBEOHEIZBOTY, XPOEREEIT m=20 THHE->TW5[19],

() < B 5 ()" ()

4 13 (m)) (2m+1) [l_j%{log(kl/z)_w(mﬂ)_2ml+1H (A‘15) -

where, {W (m+1) =~y+2n ’ )=—y

y =0.5772156649... ; Euler's constant




