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Fig. 6.1: The analysis model in this chapter

AZETHE, Fig6.l D& H I Im X Im TEE h[m] D5 27—/ (FE 32kg/m?) 23, ¥
émgﬁmm%tﬁgLrﬂﬁénfwéﬁ%uowfmvﬁéox%?wm,ﬁizv—wm
MEIE S 25mm ORIR CELATWE D LTS, ZOREMBEIIRNLT, 6.1H TS 7 AU —
LMEBMIBOTRFEREZEREL, BR&EGE LT/ —v M ETFBAN LV E—F U AREEX D —
IREIRBREREL, VI AT ARBLAERRSRE L, SEERLERT SERECRRERE
FEC LD TN ENOEITEFAVOREB L VOERLZITI. OB, BERERBITONRETS
DR EREEERTH D HELEOBERN, BRIV E EICELIBOF—BHICIOVTELEL,
FOEBEHEIZOWTHBRNS, KIZ6.2HTIX, BREREOHAFEICLIMARBRTRO®
EETV, TROOFAMEICE L TRBERNETY, £z, ERFSEEREREICBVTI T
R LN AT BEICE X B v E— L A L RIRERE Miki OE TV L BT B
ZEITEoT, FFAY—AOEBRERAHAHBRETRICEXDSFBLERT D, 6.3HTIE, K
REREOHFHEICL IHRHARHRTR L BEEEREFOUBRNET, /7 AV —LOF
B SHFARRERICEZZRBICHELTLEREMA S, E6I8, AFREHFICLDHIA
HREROBOELIZ OV T HEET S,
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6.1 EHETIL

Fig6.1 ICRTEF N, —RMAEREREC L 5N & NG AT REREC L 50
PLubEZbNARD, AETRENERICONTRAT S, 5, BEREREIC L AT
BT ABEMZAHE L 5720, TORNECEL TREREXRV TEET 5,

7L, RETEROED & 5 RETERHA HBRIA X R EE A EREREIC L > TRIT5 L,
BA—EICEE O RV EAREENSEET S - LBHORTWS, 22T, ~OMFICEELS
2 BRAREIC SV THit L%, ZOEMESEE B ARERLIC SV TERAE RS,

6.1.1 BA-EILEESLHVEFRRAOCHFE

BREREZAV-RAEMICE T 2B ETom58, BITHR L2 FHICEETNHRE
EOBEREA LBRAIK & VW54, PSR Dirichlet FIEEOBEFBHEENSHEFEEL, TORAKEKTIX
(2.32) KU BT DHEITH [H) BSHREFREEL, BE—BIIRDD B TERLAD (71-73),
ZOBRGT, ERANIIHATIEROLIICIRAD I LM TE S, Helmholtz—Huygens F5 H#2
KOBEEPLOOFEERETIHESBIIEBVTE, ZOESRSBEIRIC T 2 b DHNEE
BIZRET 2 b OB TAERAROEFHETREAR LY, Thbh, BZEROIMTELE R
FRHBEELTWDICH2200T, NEEROBEFTEAEECIGEOLELAPRAKICETELTL
EHT LB, TEEENICE, BRETH [H] EHITHIAEE LRWVWIEERTTSIE 29, (2.32)
KB—BIZRRT LB EVWS T L TH B, ZDORNE Dirichlet MEOBEA BT, BELEFHE
DEFE— NZ—8T3 [71,73) 72, EFEDERE, H5 U THLHEEIEL LEOENRFREET
HDBEITIE, BRAE—FMIAVEABREI GELEDDI I ENERICTFEEND, FiC, ENE
DEZFTRECEFET— NI (1,1,1) E— F2oRETIZENRBRAIIHONA TS [73), =
DD, BAERLESETRIR-HIIRBNIT IR L &, BOF—FEHEERT
LBUENRPo DT THB, '

IOBRERECBIT MO —EHOMBERUMMAOEREhTWAZ L THY, BHR
BHOCEFE COROHEF £ CHIEF(Combined Helmholtz Integral Equation Formulation) &
Burton and Miller method 75%%% ANTW3, '

CHIEF (34 5h B ELRIRE IS 049~ 5 Helmholtz—Huygens 4> FRRRUCEE AN IZ 11T 5 Helm-
holtz—-Huygens A F X HFHET2HET, ERERELEA LS, NELFETIhD, W
BERICBVWTEESROLTFORDONEZEFRERET DI L THEROKEZHPOL, #I—
KEBRXEEREVE TS L0 THS, JuhliZZ @ CHIEF 2 AV R ZTo T30, &4
BLRAROEREELRAADRERBIZE L TUIRRZHE TRV ([70), ZhicxtL T, RAIHE
P OTIBBREZEHAK S LESACE L TRHIToTRY, BBRMICHADOFEERERICD
WTEB~TW3 [72],

—77, Burton & Miller 233258 L 7= F#5 T4 % Burton and Miller method i, #HE5acELRIREIC
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%3 % Helmholtz-Huygens &5 FRIUZ & OER T MM & Bl %#Abfﬁmfmb
ZbDTHD (69, ZOREREEILBT DERFMBAFROREICEREERA L L &I, ##
B—=FIRAZENEREINTVWD, ZOHETIE, ERIABOITEO RO EE S fED
REROBRMZHFOBANRH I, HeRALESEBREIN, PTH Teral ICL VREESNL
Fik A1 PELESFRENATVWE XL TH D,

N ZODOKEFERZINETNERZOH S HELD, CHIEE INRE TEDEL—KRE
BRX2MrREROTHARHERZLELTAL, LELNAOERLETOMBIZOWTRITHE
BWICRRERIT AR SRV, £7-, Burton and Miller method IZER G MM FIZBE L TERL
LARFNER ST, ZOENIFEFICERETHHEVIEESLHES, ZNITH LT, B&KITL
DEEICKETDHELOVTREL, TOMEDOESMELRT I LIRIILTWS (73],

ET, IRETHRANTEEAFRAREEFICRITABOE—BEHICHETIHERIUILALEELT
PSR OA O BE— RN T2 bOET TH Y, FREERERERECH T SERTES
CET AT, BRTIFELRY, £ITHRRIICEO T, BRI LV REShEFES
ﬁﬁ%ﬁﬂﬁﬁ%%&m%ﬁmfééxQM%Lmeézkt?éouTu%wﬁEKowr
FAT B,

6.1.2 H—fEEHOBREREZIINTIEHETIL

H—fE, T2bbAMER Q PAREEL, 2 TOBERENA v E—F U ABERTHE SN
APEAEZD, FHBHERORFEICES LTESILEMBPRBIN TV AREICERELE
BT5&, Fig6.2 (a) DX I ICHBZERACZILEMBOSERLE X LREEPENVTWDET
NETRB, ZDEE, BREROEREY p, TOESE P, TXEFREZr L, LUEADHIRDA
vE—F U REREY S, WEEBNA LV E—F U RAERE S LTHL, TOBEOTERIILE
it B5EE p(r) %% T Helmholtz—Huygens f&5 H#23id,

(rp(r) = alp.r) - //{ 0qr5,r) Q(rs,r)ag( S)}dS( 5)
//{ 6q rs,r) Q(l‘s,r)ag( S)}dS( s) (6.)

I T, rg iXBAME S(= So+ S1) LOEEDSA, p(rs) BEDRrsiZBITD HE, dS(rs) X
Arg TOB/NERET, c(r) i (218) RTREND, T, ng IAMEIEREM~T PALTHY,
g(p,r), q(rs,0) EENENKRD L D272 B,

e_jklp"rl e‘jklp,'_rl

g(p,1) =4ﬂp—ﬂ+4ﬂﬂ—ﬂ
' (6.2)
e_Jklrs_rl
g(rs,r) = arrs = 1|

LB, mOEEERL LD TE 6.1.1 5Tk~ 7o BEL HPIES Dirichlet P OB B
B TROE—BHOMERE LTLE S, 22T, NEZEME CRITAS L LBEEKD
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Outside domain: Qg

Point s%urce: P Impedance boundary: S
Opl(r .
J§Q—~ﬂﬂmpﬂﬂ\\§

ns

Receiver: r
[+]

Impedance boundary: So
/ —Lla (l's :O
Ons

I o

Mirror image/

Imaginary
point source: p'

(2)

Qutside domain: Qp

Point source: p  Impedance boundary: §;
©
Op(rs) _
el

Receiver: r
[+]

o = —JkB(rs)p(rs)

/ Impedance boundary: Sg

s —s Outside domain: € 9p(rs) =0
-~ Ons

A~ - S -

/ \

\\ /

RS | tag Impedance boundary: 5>
dp(rs) .
a(ni = —jkp(rs)

Imaginary
point source: p'

©

(b)

Impedance boundary: S,

_aﬂr_sl =0

Ons
Impedance boundary: S,
_aﬂr_sl =0

Ons

©

Fig. 6.2: The analysis model for boundary element method as one domain, (a) Original outside
model, (b) Modified outside model, (c) A-section detail
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BREEBLIHEDZLIZL-T, MECEHEREENE KD IHBLEBICC 7 hX® 5, =
O EIITTIUL, TR E LT 3 AR HICERREEE L L IRV EREREICAZ B,
FIT, BETFTMIBWTHFig62 (b) DL HIZ, HEAKTHIREEXKIHIES 2F-7uPE
BETHBHEL, HDHES (Fig.6.2 (b) FO A) IZHEFITNIRILA 2H T, ML PLERTZ
DIAZBLT—OOBBTHILRET B, ZDLE, TOILADLPEH~AT=FHEMN
BUSNB~BHRT D2 L0RVWE I, PEROERILTA A E—F A RER S, & LR
EThrELTH, £, Figb2(c)DEIIZ, ILADHEDITEWICFITTHY, ETDERIIED
HBHbA Y E—F L RAER S, Sy kL, BITHDLTD, ZOLIKFRELIZLE, QiZBiTD
Helmholtz-Huygens #5 FEX (6.1) RIFKO L I IKEFERXH I LD TE D,

c(r)pls) = ate.r) - [ {p<r5>m—q(rs, 2Les) Y ass)

// { 8q rs,r) aIJ(I‘S }dS( 5)
T
I {P(rs) ans”) ales, )8’;( j)}dS( 5 69

IIT, AVE—FURERS,, S BEVCTTT, »ORITHEROE, TOREREICHT
BEAIEBRSY P S, L S ICBVTREME L2313 ThHD, £, HASBMTHEIL
M OWESBEROE 2HIZ0 THD, LENRST, ZOHSOLOENIL, LA ZERIT/NEL
LTW o REAICEVWDOERSSOEE p(rs) 1% LVMEIZE I 1D

lim / / aQ(rs’ 94(rs1) 15(rg)

A—0

—Mﬁﬂ ®W”M +ﬁ “”w(@

(6.4)
LB, WXIT, LA DES Sy, Sp DENIEBEXDLEN 2 RDIEMND, (6.3) i,
c(e)pts) = ap) = [, {ptee) 22 - gtv5, ) ZED  ases)
// { Bq(rs, r) —q(rs,r)ag( S)}dS( 5)
- [[. {ptrs 5‘1("5’ 20050 _ g(rs,r) 25 ase) (65)

SO Ehn, Figb3 Dk, SHRL PEMIR LABELQ THHCLI1DbLTRES
ICEE LD REETETF AL SN D, T, PEREIA LTV 2D EOTIRORBIIE NI F v+
YEANENBEVIBEILHLEYTHDIEVRD,

SHhUBOERIE, INETLRIRIEDDZEBTED,
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Qutside domain: Qg

Point soource: P Impedance boundary: S; Receger: r
Op(r
—?F) = —jkB(rs)p(rs) \

Impedance boundary: So
r - Outside domain: Qg Op(rs) _
S > ans

ng

Impedance boundary: S,
s .
BIS) — —jipirs)

Ong

Imaginary
point source: p'
©

Fig. 6.3: The final analysis model for boundary element method as one domain

A E—F o RER S, 51,52 DEFREMHIF (219) RTEX LN, Sy iZRRRARDTHE s
WCBTD/—<NEEFET FI v U RLHIF0, PZEEHD Sy 13 LRETHINOFDOER LD
S NVERBET FIvA s AKITLIERB, LERST,

Op(rs) 0 for rge Sy
Bue =\ —ikBrs)p(rs) for rse€ Sy (6.6)
—jkp(rs) for rge€ S,

@I, (6.5) Kz,
c(e)p(x) = ap.r) = [[ plrs Balrsx) g
- [, ¥ { )+ $kB(rs)p(es)a(rs.r) } dS(rs)
- //32 {p (xs) aq_é:;_) +jkp(rs)q(rs, r)} dS(rs) (6.7)

0 (6.7) A& 221H LRI ZATRBERICHEBIEL, TADLLBLNIEN—KFE
NEBILIZE>TER S LOFEp(rs) BRKDOLNDB, 228, /—</LHEFET FIvFv
AW B(rs) id, 322 TERLIEEA L E—F R Z, LEHRESy LY, KRXTEZLNS
S mINEBEEBALE—F R Zy b RDLAD [63].

Zy = Zp coth(yh) (6.8)

I, hRISIEMBORESTSHY, ZhIiXFigsl TFY Alm] LR—ThH 5,

6.1.3 MHEBESHBREFRRIINTIBHETL

TR, BEBREARBERERELAVTFigsl TRENABITETMIHTIERLEEZ X
2, TOBEITHLEBRELERT S, Figbd DL IITARERE Q, NBEKEEY Q £33,
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7

Qutside domain: Qo

Point source: p
[

Mirror image ﬂ

Particle velocity boundary: Sg e

9p(rs,)
dns,

= —jkpeu(rs,)

Imaginary
point source: p'

L 2

~

Receiver: r
o

Impedance boundary: S¢ im
Op(rsy) _

dns,

-

(Outside domain: Qo

Point source: p
°

ap(l‘so)
" Ons,

Particle velocity boundary: So ve

- —Jkpcu(rSo)

Receiver: r

[+

Ie, L.
bt 1}

Outside domain: Qo

Impedance boundary: Soimn

Impedance boundary: Sgim.out

_d_ﬂz — jkp(rso
Imaginary
point source: p'
— 2 (
nsl
e

Fig. 6.4: The analysis model for boundary element method as coupled domains
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RIS R R BEREICL > T Figb4 DL I RETAEMBT S &, NERGEIRLRIFHZEET
57c, BRBEEIE BT 2MOE—FBHEOMBEIIELCLVE I ICELR SR, KBRITIXU
TOEBIZI>TELTLE S, EEASEERERKIIBVWTHEISNERIT, (2.70) X
RENDRFEERRTOTELNFEEDEGRHIZL - TOHRFEEESND, THiDL, (2.75)
KOBEATH 2 BT D8I, &4 DFEBITZEVIIMII TH Y o= BBV, Lo
T, SRR Qo ioxt LTROFE—BHEORBELXENET 5 L 5 RERLETHLRVIRY, ZOR
BISMRE L2V, Zhd, EFXEO ETHEEK Qo bAMER Q; bEBIZEIT T3 brrb
LTROFE—EUIELIBRRORETHS, L2, ZOEVOEEAMITHDEVIZ L
i, SMERBUR Qo L TE XD L, ZOERILIZ OV THREREK Q) IIFELICEER L THROHE—
BEMEZERTELNZ LT B, LEBoT, AT, AR Qo I2 oW TIATE T
AL —FEROBEREREICH > CTESESRICEATE 2 & 5 RELETY, AEEKRQ,
I DOWTIIREROFEL#EATHI & £ T 5,

WE, Figbd DX IZHERENETDE, W iTBBRERPICSLEMEOERLEXRE
ERBVIZETNERD, HEL, ZOBREEIIHIEIOPEREIL->TEY, £ONEIX
AV E—F U ABER Sgimin CRERFTHOBE@L T2, MEORE@ILITFHEER Sove T
M & BORIRIEA > 5 R Soimou ThB. Ef QIS bBBIELEATEZ L L,
Qo LETOIEREZNTFEEER S1ve, BUIRICEHENT-MUEZA L E—F 0 ZER S1jim £ T %,

IDEE, REROEBRYp, TORBED, EETERErLTHLE, TOBAOEESAT
(26T 5FE p(r) ZR T Helmholtz—Huygens 53 HEXiL, A& (2.35), (2.52) X b Qo &
M ICBVWTENRENKRD L S IZRE S,

c(e)plr) = ateor) = [ {otrs) 228 — g(og, ) BES Y dsies,

0

- 8(](!‘50, r) _ ap(rso)}
/—[go,im,out,SO,im,in {P(I'So) Ons, q(rsy, ) ans, dS(rs,) _ (6.9)

for re Qg

etp(e) = = [ {ptes) 228 — gy(es, )52 asies,)

1

//51 N { aq,, :;‘ r) Qp(rsl,r)%sl)} dS(rs,) (6.10)

1 1
for re(
ZIT, rg, i2BAME S; (i =0orl) LOEEDA, p(rs,) €DK s, (i =00rl) BT HEE,
dS(rs) 8 rg, (i =00rl) TOWMPMEET, c(r)iX(218) RXTEKREIND, £/, ng, (i=00r1)
RENRENOFE, D RIA B S EREMRZ PATHY, g¢(p,r), g(rs,, 1), gp(rs,, 1) TEFNFE



6.1. FRHTET IV 105

NRDE D225,

e_jklp—r| e_jklp,_rl

= Q
q(p, 1) Tp—x Ty =’ rey

e—Jklrsg—rl

q(rse,r) = o e ref (6.11)
e—jkplrsl—l‘l '

gp(rs,,T) = m, rey

RIS, Ky ENEEE O FOBMER Yy 2BV I LICE ST (2.54) KTRENDEREETH
Bo L, ZOYIX3228iTERLIEI TR V—LVDOERERTH 5,

5T, &4 OBEREMT (2.36), (2.55) RTEENDH, Siime Soimou FAMRTHE M 6%
NENOEREICBITZ ) —v/AHEEBT7T FI v AV AKIT0 ERB, £72, Qo DPZEICET
% Soimin HEEZRETHINOLEIDERED ) —<VHEET FIy #3125, L
7= 5T,

0 .
—-p— u(rs,) = —jkpcu(rs,) (rs, € Sove)
anso - 0 (rSo € SO,im,out) .
—jkp(rs,) (rs, € So,im,in)

dp(rs,) { - 24s) ~TkpZpulrs,) (rs, € Sive) (6.13)
0

= ot
ansl ' (r51 S Sl,im)
IIIT, pRELDEE, cREXFOFTHTHY, Z, 133228 TERBLILIS T AV —LDOR
BA L E—F U2 ThB, UELD, (69), (6.10)XHEAENKDL > ICEIT 5,
c(ep0) = ato,r) = [ {prs) 25 4 jrpen(rsJatesr) ) dS(rs)
Ovc anS

0

JL e s 22 D,

I

{p(r o) 22520 o (e, )a(rs,.r) | dS(es,)

Olm in 0

for re (6.14)

(0)p(r) = // R ) 2500) o i, Zyu(es, g (55,,7) | AS(s,)

1

Ogy(rs,,r
- / /S - p(rsl)—?!ic,g-rf&—)dsusl) for re (6.15)

Z? (6.14), (6.15) X#& 222 Hi L AHRICZARKRBER CHEILL, BTEERER Sou. &
Sive KBV THEHRSETHOLNIEL—KRFBREMS LD, HR Sove LEOFIE p(rs,)
L RITFHEE u(rs,) BRD HID,
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TIT, MBOF—BHEER L ARVERETORRE SRR EREICL O/ L, SMNIEE Q)
BT AERILTHROE—BEHLERT A -OOAE TRE L FIETOEBFESHNERERE
Ik BT BT B, K, Fig6.liZR"TL 9 7%, s 1lm X 1m TEE 350mm O 7 7 A
v— (BE 32kg/m3) 12T HEEARNRERLAVD, JOFR%E Fig651i77, Fig6.s
FRHE, EREIC LA BREAFERFTRII200Hz LY bEVEREKTH R EVVERZTRL, &6
(2 3I5Hz (HEA LR BRILE—27 L T4y TR LTV D, OB EEDPIE Dirichlet &
PEEREETHL LELLND, ZOBAAEKIL6.11IE TR~ L O, ERENOERT
F—F(1,,1) LV BVEFRERIC—ETINL, TOEREO=DE2ENEN Ly, Ly, L;[m],
EEx ck LIz E0AFT— K (ng,ny,n;) BT IEFREEK f, 13 (6.16) XTHERX HhHh, Z
LS, Table 6.1 (2R3 AEE Dirichlet FEDBHRBEHE L 7225,

c N 2 Ty 2 Ty 2 i
fnﬂJ(f) () +(2) | (o9
Fig.6.5 # &5 &, Table 6.1 (IR TEAE— K (1,1,1)~(3,3,3) oBFAEEN > b, (1,1,1)
? 337.1Hz, (3,1,1) ® 572.4Hz, (3,3,1) ® 735.9Hz, (3,3,2) @ 849.7Hz {HiFIZB VTR BERR
E—IBELTWA I ERSND, JHIZXHLT, AEICBVWTRELMOFE—EELELET
BEEENRAMERERECEA LSS OEEATRERICE, FERRY—2ET 4y
TIHREEET, BOTHRRBEEREZRL TS, Z0Z b, RETRELZERLOZSY
MR IPNRLD, 2B, LRUNOBEGREEICEVWTE—2RT 1y IRBE SN2V DI, §
HAREY 1/94 27 8 —7 " RILIZRELTE Y, TOREEEBALERHE D, BF
B ECE I HERRESRE SN LHEN R NOTH D,
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New metﬁod
. Old method -----

"""""" B37
- Ii

-
N

572.4[735.9 849.7)

0 1 1 1 1 1 L 1 I L1 J -l i
63 125 250 500 1k

Frequency [Hz]

Fig. 6.5: Comparison of new method and old method as domain coupling boundary element

method

Table 6.1: The characteristic frequencies of non-uniqueness problem

ny mny n; Frequency{Hz] | n; ny n. Frequency[Hz|
1 1 1 337.1 2 3 2 767.0
2 1 1 440.3 3 2 2 767.0
2 2 1 523.6 1 1 3 771.4
1 1 2 542.4 2 1 3 821.7
3 1 1 5724 3 3 2 849.7
2 1 2 611.9 2 2 3 869.2
2 3 1 638.6 - 3 1 3 899.4
3 2 1 638.6 2 3 3 943.0
2 2 2 674.3 3 2 3 943.0
3 1 2 712.8 3 3 3 1011.4
3 3 1 735.9
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6.2 BRRAEBRZICIIMAFHREEOHTE

FETR, REBOERRECBIHERELREL ) —vALEET NIy XV AEEX 5
MEERBERIEL, 77 ATV R L TSR AREREREC - THA LN LS
AHBERIZOWTE LD, FITOMRLTH7 5 XY —3~# Im X Im TEE h X 150mm
& 350mm TH B,

6.2.1 IRAEBFRZEITEITIHIFEDEL

B & 150mm ORIBEZEFRED ST AT —LOMARHBRERE LT, Fig6.6 ilz—BRHRER
Bk (BEM) AW TH b D, Fig6.7 ICERESEERAERE (DC-BEM) 2 V- 0%
Y. E£7c, EE350mm ik LTIL, Fig.6.8 Ii—XMIREAERE (BEM) 2 AV THAL LD,
Fig.6.9 IZfAE S RERERE (DC-BEM) 2 AV 7= b D &2RT,

IhbzR5E, §=0°1530° TIRANABIZLABRARBETROEVTIZEALEROARWN
M, 0 =45 LLEDARATRIEAPE RBICONTHAHBTROENKREL ARV, HITE
WTERLEVI=T75° T 1 2KR&<BRD, £z, ZOHEBITAHANBEL BT OIUMEE
MICBAFHRELEOEIREL DI 6005, BYE> T AREREESEREETH D
Temh, AHAIBRE DL, AEEILRIEBREEES cos iz LB THEL 2B
2, ARANT=BBDTE, Lo TRARREROEENS, ARAT—35BTH B =Mt
MICHAHREROESERTHLEEXOND, INEFELICEETE L, REGHICANTS
NI—ZARFRT—LHELTOB LD L, BEATV—NENZKIBIZEBZ, DIICRAH
MERP12BADHLENI L, ZICHABEEOREENHD I LICE>TELIEEDE
EORBPETIHEIN TS LEXTIWVWE VLB, BEMIZ L 2B ANREELTT Fig.6.6,
Fig.6.7 &£ DC-BEM IZ & 5 Eh#~7 Fig.6.8, Fig.6.9 £t ~3% &, £EMAEMIZL —KLT
BY, MFEEDEVE 6 =60°75° ICBWTBEMICE BEDENRKEL RAEGBICHB LT
» 3,

KIZ, ERABRBCIBTI2AFELARIREL EOLIITIRI B0, ERHFEDEVE
FVFLLEETIED, BRRREFECHTIHAFRRTE L MEHELRELHELTRT,
Fig.6.10 {Z/E & 150mm, Fig.6.11 {Z/E & 350mm D7 T XA 7 —iixtd A EREREEOBHEEID
LD RME & ERRABETEOME T ThEARA (0 = 0°,15°,30°,45°,60°, 75°) = L IZFRT,
28, ERAREFERROIS T AT —NVIIHTIRAREER o 12, TOERRECBWTEH
FRZREL, /—v/ALEBA LV E—F U R Z % (68) LUk, (413)RURAT B L
IZE > TRDT -, '

772 —ADEE 150mm & 350mm D EH5ICBNTS, §=0°15%30°45° Tit, BEH
BOARTHIREZRVE> TV AERAEREOBMFEIC L AEICEVIHIZLALEORAAD
EWVx b, Ll, ERAXRFEHCHTIHARETREE, HICES 350mm DFEEIE, B
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O[deq] —+—
6 f R 15(deg] --%—- -
i N N 30[deg] --=-- |
? \' ) 45[deg] ..... B}e-ee
5F ! ‘o, 60[deg] —=-—
! '~ 75[deg] --e-- |

Qg

63 125 250 500 1k
1/3 octave band center frequency [Hz]

Fig. 6.6: Oblique incident absorption coefficient calculated by BEM for glass wool (the thickness:
150mm)
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Fig. 6.7: Oblique incident absorption coefficient calculated by DC-BEM for glass wool (the
thickness: 150mm)
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Fig. 6.8: Oblique incident absorption coefficient calculated by BEM for glass wool (the thickness:
350mm)
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Fig. 6.9: Oblique incident absorption coefficient calculated by DC-BEM for glass wool (the
thickness: 350mm)
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Fig. 6.10: Comparison of oblique incident absorption coefficient (8 = O°,'15°, 30°,45°,60°,75°)
for infinite area and calculation by BEM and DC-BEM for glass wool (the thickness: 150mm)
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Fig. 6.11: Comparison of oblique incident absorption coefficient (8 = 0°,15°,30°,45°, 60°, 75°)
for infinite area and calculation by BEM and DC-BEM for glass wool (the thickness: 350mm)
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Fig. 6.12: Comparison of acoustic properties of glass wool (the thickness: 150mm) for oblique
incident absorption coefficient (8 = 0°,15°,30°,45°,60°, 75°)
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Fig. 6.13: Comparison of acoustic properties of glass wool (the thickness: 350mm) for oblique
incident absorption coefficient (6 = 0°, 15°, 30°,45°,60°, 75°)
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Fig. 6.15: Comparison of statistical incident absorption coefficients that are calculated by BEM
and DC-BEM, and the absorption coefficient in a reverberation room for 4 glass wool patches

(the thickness: 150mm)
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Fig. 6.16: Comparison of statistical incident absorption coefficients that are calculated by BEM
and DC-BEM, and the absorption coefficient in a reverberation room for 4 glass wool patches

(the thickness: 350mm)



118 F6E REEERECECZILEME

ELLDEEDREEY, HEAFRBRERIIAELRE—7 2ERLTWAN, ZHIZHAFRF
ROC—7ICRARMTONRTHAEEZOND, VIO, HEAFNKERIT (4.15) RTER
SN, TREFARAIIHNTIAEFHERIDEBTEENLTHD, 720, (4.15)Xiz®
b ELEBRAREFDICFAESARTIHEOHARRETROFETHTHHH, KmicBi
B ARBREROESLEMICIELS Z LA TES, Fig66~Figbd #B5Lans LI,
ETNENDOHAARREROE—7 LEI LEAERBE CARARENE XOFRAHBRETEOL— 7 H
FELTREY, TOEIEBICKE, LizRloT, ZOXITEXLES, BOUAFADCEA
HRERBHHARBERICRIFTEBIEATHE L VLS,

ST, HHANBERLABERRTRAURT S L, BERERTRICIIRVE—7 BEE
THILHLEDT, MEOMICIIESESHZ LITEVE#V, B TREFROMAEL 500Hz LA
ETIULECR2TWB I LUATIE, LV—BERETWARY, FEA4E, ES5ETHVE-
BNT FRAY— BT ARHARNBREREREZERETR L OB TIIRRBFLEAELE
HNTWED, F7RAT—NFEL LEXRETRIINGDOL ) BRESRELATHRY, Z0HK
BRI K DMHARRER L RRIC L 2REBEERFTRLEOTBEEGORERRFELT, ETI/FR
U= A RO ANWEEFBREETNVICREEEZ RO TWEFEREEREZ OGNS, Thbb,
TT7RAT—=NADBEL 2D ENS Z Lid, BREHESMERE cEINSE L L TORFHENR
E50, ENEREMTIORTSAT—NOFTEFELELLTHD, /2, FTRAT—AN
Bl2de, B/ S AT —VADGIREEAR 222 L05, RV Z0OFBHEORK
BENEAELVLHIZTBELEZOND, KIZ, 7T 2T —A~DAREESBIERITICI
TR L LI-BEMNRKHARN»S, BERRNICEVTRABIZR~TWAZ L TFHRERE,
B AFHRERICE— 7 B384 T D 250Hz UL TiY, BIEIRAWVEZERESRNOFTE B THBICE
PEEI20ICEHE S LE2 6N, FE, FORKNTIIBRSHNOBEBHBRICEVTEELEL
BRI RP2P/BOLATORY, ZOXIREHTHE, 77XV —A~DAREENFEAFIC
EVEIEE RO, SARBEROAETHE LTR D K ARRER L RBRERE RN
NTEENT-EZRTHDEEL LN B,

ZIT, LROITIFTRAT—NAOFERER I UOAREFICOVWTKRENLETFOEELMZ S,

6.3.3 JSRAV—ILDBFER/RUIFHHAFNBREEASIDIEE

RIEIDBEREZRT T, AETIZS 72—V OEFEFE, TRDLEERTICBNTS T AY—
VAROHEIZE Z D EMEREFHEAS  E—F V ABEHAARBRETRICIE L2 EBICOVWTH
£ D, FEHFEET VL LTHARRESR L IR Miki DEF /L ERET 5, Fig6.17 ICES
150mm, Fig.6.18 IZE X 350mm D5 AU — AV OFHAHR TR L BBRERERETT, B2
B, TOFRLRARRER L FRRICARESUBEREREICL > TiTo 1,

ZORRERD L, BIIMiki DEFMILDHHAFHBRETRIZ, PBARBERBEFICAEL
2% 0 =60°75° DIEICXEL SN TV Z LoD, el bi, MikiDEFAMCL BHEA



6.3. HIAHBERLBRERERETER 119

' ' ' ' ' ' .Méasure'd —_—
- R Modified model --»-- 1
>k I Miki model --=--
Copem—ex o
!
3
g
]
c
«©
|
3 1
o

63 125 250 500 1K
1/3 octave band center frequency [Hz]

Fig. 6.17: Comparison of acoustic properties of glass wool for statistical incident absorption
coefficient and the absorption coefficient in a reverberation room (the thickness of glass wool:
150mm)
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Fig. 6.18: Comparison of acoustic properties of glass wool for statistical incident absorption
coefficient and the absorption coefficient in a reverberation room (the thickness of glass wool:
350mm)
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Fig. 6.19: Comparison of incident conditions for glass wool as statistical incident and field

incident absorption coefficient, and the absorption coefficient in a reverberation room (the
thickness of glass wool: 150mm)
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Fig. 6.20: Comparison of incident conditions for glass wool as statistical incident and field

incident absorption coefficient, and the absorption coefficient in a reverberation room (the
thickness of glass wool: 350mm)
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