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Fig. 1.2 An example of studios (source: Blackbird studio HP).
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Table 1.1 A casual classification of small sound enclosures.
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EFEIN, THUE, HBITROAFITH T 27 REEGELT L ¥ — o H CAHBI R % % 1
BLZbDTH S,

#%H 1B L T, Vorlidnder etal. [45] % E. Mommertz [31] 1 & - T, fiLXE&F (Scattering
Coefficient) 2V E & I N7z, ELE R IR OILEMERE & LT ISO [17] IR TE
D, BEEENT~DEADAA SN TS [80,81]. L L Aads, SLKEFEDHIEDE
IR RS <, ARG 2BIE b i 5 uTw 3 [11,19,70,71,100].

FIANIc e o E o e L T, C. H. Haan etal. [13] 12 X % SDI (Surface
Diffusivity Index) 23% %. ZIUIHRHOABAEZHHCIHET2bDTH D, HHD
PEHCME E PR T 5 C LRI N TV B,

E 2 AT, BN ISR OILERDSZ I OBELZE 4 U X % MR O AP E)S Ahnert
etal. [11 Tk o TERESI N, B L C, IBBUAD S ZEGELT 2 7-0121E, HERED
MM R OR D 015 06 0.3 TREDEI PMETH 5 L SN TWw 5 [88]. fE- T,
INERETES D K 9 ISR DR WRBAEBIS O Z HiY & § 25581 13FEF IR E L iLEk
BB TH Y, HERFHCRERAHE L3,

Z 9 LIRS ENE 5 I IE S BB L TIE, P M. Morse eral. [33] I &
randomness factor (2B 2512 568 & LT, 4 H £ THEmMN - EENZ b D) %ﬁ{ﬁ
FETIC & % b D F ThA e I 11T\ % [3,9,57,85, 86, 89,92].

BEH S [58,60] IZENEBICE T 2 FE I 2L X —ORIMEZTHE T 2 15 NV, 2482%E L
7o, ZOHEEEZHWT, BRZAETERIRTS 2 & EITIFBEBEI S oI Rich



3.2 EWILEMT

11

MThHsI EERLIE,

Hol, BRICEENIE, RIEEM 7 —) b FickoTiiETcE s 2 Lic
HHLU [76,77], [FA—22MRIEUC BT 2 TR D 220 B D Pl 722 & &5 DR
HoBIRICOWTHE 21T\, fMHAEN T v ¥ LA TH 2RBEEDE T4 FH O
PEDSEN 2 EDVRB E 7z [74,75].

WA S [54,55] 1%, FREMGR 2 IR 2 RE L 2. ZHUEE N OSfiisL g &
PEBELR B R RIS 5 2 LT, 22RO SEH S & IRE0E O RO IR L O 2
MRZDIEZ L Z FHITE 2L 2R L TVS, 5120 FHIREZ VS 2 L CRE
BRI EOHENTEL I 2R LTV D,

EAETIE, WRICR LT L /NS A MM AME R BB 0 )08 1 2 % JUF 9 T REME 2
MR I N [59]. IN2ZF TRETIRISHEAY A A0HZEICBT 2Bar b 179, M, K
BEEhE, IR%E &2 FTEHNICE T AL T RE D &0 ) BUERENT O RIEIC RT3 2 R8I b
OEMVBELDEEZD,

3.2 TEEBEREER
3.2.1 ®EAE

EHRE E HFED» S R BT 7L % Fig3.l IR, 8BEHREMFE LTid, 4iml
(rigid : MEARHBEER o0 =0.01 HYOFEFEAS v E—¥ v R), KHIDAKE (absorp :
a=0.5M2) ©2o%F7. IEARICEE LT, Fig.3.2 ISR TR EA (5 0.1 m,
FM 0.2 m) 23S FICIEE T 2 S ICRET 5 2 & & L, ik L (noDiff),
FFH MR 2 FICHRE L7250 (QwallDiff), 2EEMICRE L 725 D (4wallDiff) D
&M EF T2, FBEBINED - ODZER R L EMA MO DZEH 3H (XY,
XZ, YZ) #&EL 7, ZEHNDZE M 1E 0.125m B OERE IRICEE L 72, F15E
ICIX L EA BEM % V72, BEREEICBMNAT -~ EE8E 2 e, 1 UoREIZ2EE
D16 LT E Lk, SHEIZGONTREZZEL TT\w» [48], TEN, HEX T I3RKA
(4wallDiff, 1kHz D¥&) TZNZF1 42,240 (F%4R]), 2.6 GB TH -7«

322 MHREEER

HLEA R HE & R AR DB R

ZER RSB 2 MEBIGE % Fig.3.3 IIRT,

— IR D I U I DWW RS FREEL Z N T LR 258 ICHELI N5 L5
biLshs, RFHEGITIE, HABEREIINC IS 2 BIEE 1719 Hz @ 1/10 DU OAKJE %L
BIZEBWTOINBIEOERIC K 2208 A 605, £, ZORBINEDTNLITTHS
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A absorption (o = 0.5) / rigid (o= 0.01)
3.6
‘ plane(YZ
‘ paat
point source S
(0,1.2,1.5)
151 4 | @
I N VA . - plane XY
' o : (z%1.2)
-2.4 recéivihg point R
(1.2,3.6,1.2)
R Py
/O 12 3.6 6.0
1.2
24 plane XZ
X (y=12)

Fig. 3.1 A rectangular room with a point source.

difuser 0-1m noDiff
shape
1
0.1 m
0.1m
]
2wallDiff 4wallDiff

Fig. 3.2 Diffuser shape and configuration of diffusers.
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rigid absorp
(W T0 L0000 . | 1 11 0
s — noDiff
—  2wallDiff

10 dB
[

Relative SPL [dB]

W M WN‘!M wavit R
R T y \} 1\
it ?‘my‘n L B

0 100 400

Frequency [Hz] Frequency [Hz]

N
Ll

100

Fig. 3.3 Frequency responses at the receiving point R, and Eigenfrequency of the room.

E—=27 74y 7O06E#HELTHHN TS, Fff rigid DEADZFHICE T 2 HNHE
FEL ROV % Fig.3.4 [T,

fEHT I 5L 63 Hz I8 W T H BRSO MEIRICES R S 1528, B IIB BRI L T
5. —Ji125Hz TIEHODICR B 2E— F2HEEINTHE 2 E3bh 5. BILHHED
7 v ¥ L ASHEL SR % Fig.3.5 1277 [100]. 250 Hz AT 0.1 BUTFTH b IEHF 1/
SV, KEA T — FOMEIIRE WNER - AR TS5 I T TR E L
nHbOEEZOND, M, MEEOFEL Vo MARIEE Al fiiz2HI v,

B 15 ORI ST

ENEGICBT 2B EH L2V X —DREOREZFHIGT 245 L LT NV, BIREIN
T3 [58]. ZOBBIGHEICEDI-ODLDTH S0, T I TIHEFTEH DM %R
P, SENTREBEEL fISNT 5 NV, % NV, FER TR & 9 ISER L 72,

2
Oyf
NV;=— 3.1
f e—fz (3.1)
1 N
ef=— Zef(ri) 3.2)
Nizl
2 1 u 2_ 72 2
<y:ﬁ2@ﬂm—g}=§—@ (3.3)

I
_

ZIT, ep(ry)  REM G ICBI DI RNT —, 6 iHliZFERTD ep FHMH, N: 3%
HRECTHD., £, TRV F—ep ELTRT VI P VIR T—, HEIZ R LF—, &
IRNX—%E 2T,

HRZEMIINT 5 NV, & EERZ M7 BlimEZ Fig. 3.6,3.7, 3.8 10§, ZOf§RIZ
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plane XY

) - - -

plane XZ

(XY) - - -

noDiff 4wallDiff
63 Hz 125 Hz 63 Hz 125 Hz

|

10 dB

Fig. 3.4 Relative SPL distributions on receiving planes XY and XZ.

0.8

0.6

0.4+

0.2

Scattering coefficient

(U e s N N O O B
250 500 1k 2k

1/3 oct. band center frequency [Hz]

Fig. 3.5 Random-incidence scattering coefficient of the diffuser.
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1 oct. band D HULEFEEIC B 2 B— PO MNTHRER 2 HIC L Tw 3,

Plane XY TIE T )L ¥ —OffHIC Xk 57, KEEEETOLIEEHTH 2 b D2k
ICSEFHE R TH 2, MGFHRAEDOHE IS ) Ao, B0 HFEDFEE S /I
S\,

Plane XZ T3 =3 L X —DEEIC X 67, (KIgD & SEICHERL T 2 ITHE W EAME T L
BUGGAIOE D A2 H 5, WFMOALEIC L 22 3EKR TR S, KIFKF (absorp)
DITHMEDIKRE K VIR TH 5. —TIHUA DG IRIC X % 7213 2RI D56 12 ST
Ronzd, RIBKGEDOHEIIFIZEAER NG, EFEHICEIT 22V X — Rt
B LTI, IEEUAR RN L3 U RO A BUS CLIIEEUA D BV N S W 2 L VR
INs.

Plane YZ Tl Plane XZ E#EQFEIERDOMERITH % 53, K& P EISR I B\ TR a3
B,

XIZ, 1 oct. band DHLEAPEEIZE T S 1/3 oct. band TORT V¥ ¥ LT R F—D
FRNTRE F 2 FIC B L2 NV, %, Fig. 3.9 ISR T,

WM TOMB LR T 2 &, SEMICIEBESE G E23bh 3, 7, Wi
X567, KHARFICXo THBERET T2 500, RS cFHARE7 E 22 2 &H
b5, JREIRIC X 220 rigid RF D 125 Hz WO IEHE 2 PR T S 21, & %
URZRCY (RARY
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rigid absorp
2000 (theoretical: 0.09) (theoretical: 6.43)
1000 3 —@— potentiat | 3
E —@— kinetic ]
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2000
1000 =
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Fig. 3.6 NVy for the receiving plane XY. Theoretical values are calculated, assumed dif-
fuse fields with the room constant R.
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& >—2 | ]
= 5 =
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2000
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100
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NV
?
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Fig. 3.7 NVy for the receiving plane XZ. Theoretical values are calculated, assumed dif-
fuse fields with the room constant R.
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rigid absorp
(theoretical: 0.09) (theoretical: 6.43)
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Fig. 3.8 NVy for the receiving plane YZ. Theoretical values are calculated, assumed dif-
fuse fields with the room constant R.
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Fig. 3.9 NV for the 3 receiving planes (1/3 oct. band).
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3.3 BEIEEN
3.3.1 WEAE

FENTE TV 3.2 fii & FIMRDIEHHETH 5. BERSEMFIZ 2 (rigid) « KR O A%
H (absorp) D 2 5L L7z, $hAE LTHEO LD (FE 0.1m, FAIH0.2m) 23
D3, BRETNCBE U AT ORI L 72 B ISR IE /7 A HC S % 1 & (H: horisontal) 12
A, DB FNCHEET 21 & (V: vertical) D 238 ) 3%\ 72, $EHR O ZRIETT X,
LB 72 L (noDiff), £FJ7MBEM 2 MICHE L7z d o (2wallDiff), AEEHICEYE L 7
b (4wallDiff) D 3 Fefha ik 7. HE - ZE s - ZE M OME B 2 FElL nif 2
3N, FHEICREA -7V Y —2ONMGREMEE T 4 77 Y Tdh % OpenFOAM
%72 [18,22,23,46]. Z2MEESLIRZ 0.025 m & L - ERHEER - TIRZ 1B L 72.
avru—LRY 2—20O8IIK 650 I Th 5. Kl iR CPL 4k %7 3 0.04
ms (CFL=0.95) & L7. HFHICIZ 1kHz D 1/3 427 % —7 30 F ERBEBEELUT DR
DEENBEHT ABBEERERT Vo v VOEMSMiE LTE AR M, FRICEEND
FAMEER ST % Fig. 310 1R T ., HL, o: AREE [rad/s], d: WIHZEREE 2 RET %%
X —% [m], c: Z& [m/s].

Frequency [Hz]

4 10 100 1000 4248
0 Lol | Lol L
-3
B 0 R R
<
N
<)
7y T R I W
-60 T :
0.01 0.1 1 10
o V2 ©

Fig. 3.10 The spectrum of gaussian source using the transient alalysis.
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332 HBREEE

BENE

REZFHRICE IV 28IE)GE % Fig. 3.11 127, rigid 12X, absorp Tl 2
HT5ZEDMERTES, IHAROREICL 2B IS E ) Aok,

XD FHNCEIE 2 BT 52 72012 50 ms ¥ TOIE % Fig. 3.12 IZmd. KRHKFOH
ek od, EBEOREICED, BEIPRHNS 2 LR TS,

RIZ all pass DINEN 1/3 A 75 —=T NV K7 408 v 7PE%Z{T\», 250 Hz, 1 kHz
WS OWIG 2 BN L 7. ZOki%% Fig. 3.13,3.14 1T 7,

W, fEH L7274 L% —IF Keiser B2 HWT/ER L FIR 74 VY —Th 5. HEHR
% 70dB & L, X 250 Hz H#8D H DT 400 X, 1 kHz fH#IEDH DT 100 K& L 72,
72, 74NV F) X BIREENIE 7 4 VY —DF v TEIZ X D HHIEL 7z,

250 Hz s CIlRIZEDHIEIC X 57, T— FOEEIC L) RN AZ5250ETE 3,
PRBUARDRRIEIC X 2883, APPSR Z3RIE L 7258 1bo e —2 - 74 v 7
DMER SN, IEERRRE I DSS WIRIHE T 5. FRHCRIFBFREIC X000 6 2 72 i
ER B T EDETHINS,

1 kHz ##18CT % 250 Hz i L QRO EN T H 2 2%, IEHUAD I I ST 38
FODREOD, WEDHOLIIIKITTHIRIISHED Ao,
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Fig. 3.11 Transient response waveforms at receiving point R (all pass).
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Fig. 3.12 Transient response waveforms at receiving point R till 50 ms (all pass).
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. 3.13 Transient response waveforms at receiving point R (250 Hz 1/3 oct. band).
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Fig. 3.14 Transient response waveforms at point receiving R (1 kHz 1/3 oct. band).
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BRER=EMER

WP NEE D> & FRBN G M & FREIR M %2 9 2% RUCHEII L 7z, absorp 128 1) % noDiff
KO 4wallDiffH O LEig %179 . Fig. 3.15(a), 3.15(b), 3.16 I all pass DFEREZ R T,

PRADTFE MR IR OE I X ST, Ui ) O OERN L b D L ko7, JEK
RERER I3 aR L 25,

noDiff TG 2 7251 1.02 # (Eyring) T& D, Fitzroy [12] 232 % L 72Kk
MHRAEE IS B 1 2 B P X 21X 1.96 B TH 2. FdR2ER X5 0.4 BT
H 5 [79]. ABEHZEWTIE, noDiff TIZ ¥ 4.40 HTH D, 4wallDiffH Tl 2.69 7
Elpote, BRIE L IHURIE B OWERICHRTE L /A0 HBD 57, FREIRFHE D
171 B & b, BGRIEICKIFISOE D8 2R L ko7, ¥, RERBOAEL, TEHUE
DEMIZE ST 015 HUHNTH 5.

RIZ, 250 Hz ik & 1 kHz DOfEHR % Fig. 3.17(a), 3.17(b), 3.18 % U¥ Fig. 3.19(a), 3.19(b),
3.20 IR T,

250 Hz 48 C ik, BRI, BRI ISR DD N S o R
FES TR, E—FOMBECI VN EMMDOH Z I E B> T3, HRERRZ R
% &, noDiff TIZ ¥ 1.53 B TH D, 4wallDiffH TI1Z 1.32 & &b, JEHHEDFEIZ/N
S, M, ZHFRBOEE, noDiff THA 0.30 ), 4wallDiff Ti Kk 0.42 TH H, all
pass X OiR T % 1 kHz HHDOFR L D b RESH->TW0 5,

1 kHz 7T, ZRENEEMER, R R ICHABA OB R Z v, REIRH %z HL %
&, noDiff TIX ¥ 454 B TH D, 4wallDiffH TiZ 290 B L7223, ¥, ZFHEOE
IZ, noDiff Tl K 0.19 5, 4wallDiffH TIZfHKA 0.17 HTH 3.

PDlEd X 9ic, @eEEdsz SREREI R VWEHRIE, BoES LEE L oMfRT2
RILE— FOELENZM L Twr 2 enEZoNS, AL, BEOEIITHL THa/hE
VIR DOFHE RIS L TE 2 RILE — FOERIVNS {, BRERHEIRS Z->T0»5H0
EEZHND,

7o, WEHUARIC K 2 ERER R ORI R E R T O ABN TV B, iU iEEUE
YA RICRAT 2D EHEZLNS, HL, 1kHz THO THIBBAEDOAM I Y HFL <
REBWEETH S, TNFET, IREAEIZZORBILLT OWE & 7% 2 FIEEIS CELSIR %2
bl T EHIONTWARD, AEGFHZED, ZHk D bFEL K RVIKETH > T EREN;
Mz 2 EBbhotk,
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Fig. 3.15 Reverberation times on receiving points (all pass).
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Fig. 3.16 Decay curves on receiving points (all pass).
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Fig. 3.17 Reverberation times on receiving points (250 Hz 1/3 oct. band).
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Fig. 3.18 Decay curves on receiving points (250 Hz 1/3 oct. band).
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Fig. 3.19 Reverberation time on receiving points (1 kHz 1/3 oct. band).
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Fig. 3.20 Decay curves on receiving points (1 kHz 1/3 oct. band).
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Fig. 3.21 Sound pressure distributions on receiving planes XY and XZ (rigid, all pass).
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Fig. 3.22 Sound pressure distributions on receiving planes XY and XZ (rigid, 250 Hz 1/3 oct. band).
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Fig. 3.23 Sound pressure distributions on receiving planes XY and XZ (rigid, 1 kHz 1/3 oct. band).
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Fig. 3.24 Sound pressure distributions on receiving planes XY and XZ (absorp, all pass).
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Fig. 3.25 Sound pressure distributions on receiving planes XY and XZ (absorp, 250 Hz
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Fig. 3.26 Sound pressure distributions on receiving planes XY and XZ (absorp, 1 kHz
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Fig. 3.27 Comparison of sound field diffusivity on boundary conditions
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Fig. 3.28 Comparison of sound field diffusivity on directions of the diffusers.
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Fig.3.30 Comparison of NV for the receiving three planes on space volume.
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Fig. 3.31 Comparison of sound pressure distributions on receiving planes XY and XZ on
space volume (125 Hz 1/3 oct. band).
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Fig. 3.32 Comparison of sound pressure distributions on receiving planes XY and XZ on
space volume (500 Hz 1/3 oct. band).



44

653 T BRI - WA B I T B

3.43 BEDERHA

BN E

REZE M RITBIT 2 BIEIRE IO all pass % Fig. 3.33 1, 250 Hz 1/3 oct. band %
Fig. 3.34, (T 1kHz 1/3 oct. band % Fig. 3.35 IZ/”°7,

1 kKHz HRCIIAEMDE IS X 2B H £ ) ok \wys, 250 Hz 4k T3 iEH
RECERL L, ZOBREIBEEOHEZ T T, B2 I L THRERZE
WOMBEPZA L7 2 LS END D THB EEZAL6N S,



34 =HERICEEY 2 BES 45

0.01

4 noDiff
I
o H_
0.01
4 4wallDiff
£ 0
-0.01 T
0.01
, 4wallDiff_vol
£ 0+
-0.01
0 50 100 150 200
Time [ms]

Fig. 3.33 Comparison of transient response waveform at point R on space volume (all pass).
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Fig. 3.34 Comparison of transient response waveform at point R on space volume (250
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Fig. 3.39 Comparison of decay curves on room volume (250 Hz 1/3 oct. band).
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Fig. 3.42 Comparison of sound pressure distributions on receiving planes XY and XZ on
room volume (all pass).
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Fig. 3.43 Comparison of sound pressure distributions on receiving planes XY and XZ on
room volume (250 Hz 1/3 oct. band).
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Fig. 3.44 Comparison of sound pressure distributions on receiving planes XY and XZ on
room volume (1 kHz 1/3 oct. band).
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Fig. 3.45 Comparison of sound field diffusivity on room volume.
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Fig. 3.47 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, 63 Hz 1/3 oct. band).
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Fig. 3.48 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, 125 Hz 1/3 oct. band).
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Fig. 3.49 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, 250 Hz 1/3 oct. band).
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Fig. 3.50 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, 500 Hz 1/3 oct. band).
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Fig.3.51 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, 63 Hz 1/3 oct. band).
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Fig. 3.52 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, 125 Hz 1/3 oct. band).
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Fig. 3.53 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, 250 Hz 1/3 oct. band).
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Fig. 3.54 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, 500 Hz 1/3 oct. band).
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Fig. 3.55 Comparison of NV for the receiving 3 planes on size of diffusers.
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Fig. 3.56 Comparison of transient response waveforms at receiving point R on size of
diffusers (all pass).
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Fig. 3.57 Comparison of transient response waveforms at receiving point R on size of

diffusers (250 Hz 1/3 oct. band).
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Fig. 3.59 Comparison of reverberation time on size of diffusers (all pass).
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Fig. 3.60 Comparison of decay curves on size of diffusers (all pass).
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Fig. 3.62 Comparison of decay curves on size of diffusers (250 Hz 1/3 oct. band).
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Fig. 3.63 Comparison of reverberation time on size of diffusers (1 kHz 1/3 oct. band).
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Fig. 3.64 Comparison of decay curves on size of diffusers (1 kHz 1/3 oct. band).
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Fig.3.65 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, all pass).
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Fig. 3.66 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, 250 Hz 1/3 oct. band).
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Fig. 3.67 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (rigid, 1 kHz 1/3 oct. band).
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Fig. 3.68 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, all pass).
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Fig. 3.69 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, 250 Hz 1/3 oct. band).
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Fig.3.70 Comparison of sound pressure distributions on receiving planes XY and XZ on
size of diffusers (absorp, 1 kHz 1/3 oct. band).
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Fig. 3.71 Comparison of sound field diffusivity on size of diffusers.
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Table 4.1 Eigenfrequencies of the room.

Freqq x y z Freqq x y =z Freq x y z
477 0 1 O 1909 3 0 O 2392 2 3 2
636 1 0 O 1909 0 4 O 2404 2 4 1
716 0 0 1 1916 2 0 2 2434 3 1 2
796 1 1 0 1916 2 3 0 2435 1 2 3
8.1 0 1 1 1968 3 1 O 2470 1 4 2
955 0 2 O 1975 2 1 2 2470 1 5 O
958 1 0 1 2003 1 4 O 2492 3 3 1
1070 1 1 1 2025 0 3 2 2492 0 5 1
1147 1 2 0 2039 3 0 1 2497 2 0 3
1193 0 2 1 2039 0 4 1 2542 2 1 3
1273 2 0 O 2045 2 3 1 2546 4 0 O
1353 1 2 1 2004 3 1 1 2571 3 2 2
1360 2 1 O 2123 1 3 2 2572 1 5 1
1432 0 3 O 2135 3 2 O 2582 0 3 3
1432 0 0 2 2136 1 4 1 2590 4 1 O
1461 2 0 1 2141 2 2 2 2645 4 0 1
1510 0 1 2 2148 0 0 3 2659 1 3 3
1537 2 1 1 2201 0 1 3 2673 2 2 3
1567 1 3 0 2240 1 0 3 2687 2 1 1
1567 1 0 2 2252 3 2 1 2700 3 4 O
159.1 2 2 O 2291 1 1 3 2705 2 4 2
160.1 0 3 1 2205 2 4 0 2705 2 5 O
163.8 1 1 2 2351 0 2 3 2719 4 2 0
1721 0 2 2 23877 3 3 O 2783 0 5 2
1723 1 3 1 23877 0 5 O 2783 3 3 2
1745 2 2 1 23877 3 0 2 2794 3 4 1
1835 1 2 2 23877 0 4 2 2798 2 5 1
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Fig.4.21 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type, 40 cm
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Fig. 4.23 Relative SPL distributions on a plane (z = 1.2 m) (furniture (shelf type, 20 cm
thin) on center of wall).
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Fig. 4.25 Relative SPL distributions on a plane (z = 1.2 m) (furniture (shelf type, 20 cm
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Fig. 5.13 Comparison of decay curves on sound field condition (U-1).
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Fig. 5.14 Comparison of decay curves on sound field condition (U-2).
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Fig. 5.15 Comparison of decay curves on sound field condition (U-3).
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Fig. 5.16 Comparison of decay curves on sound field condition (L-1).
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Fig. 5.17 Comparison of decay curves on sound field condition (L-2).
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5.3 REEUERRT
5.3.1 &EAE

R CIZFEE G2 NG E L FE8lEZ2E L <, SHOHEE, KO SEMEOREDY
AL 72, AfiTld, AFGEZNREL T, EHEHGTRBRHTTIZ2ZILDTERVE
HRRDZEHIC X 2 50O E 2 A 5, Bl A EISEREEIC X 5. M, a5 2
B U L 7 213 I X D BB /NS IO S, AT ONR L 13
L, RECOMH 7 —AZ DI TICHIZET 5, all ICBL TiE XY FRINTEAMN T %
LTno EREZEL L LT,

o AR (no) : Fig. 5.1, 5.19
o 1+ Bt KHOME

- 1 - 2L (cb) : Fig. 5.20
v7 /&L (piano) : Fig. 5.21
SEEENAE L (shelf) : Fig. 5.22
DLEo4TiEL (all) : Fig. 5.23
o WeEt DR

— FEHIH7E (abs_center) : Fig. 5.24

- ZEWEAELE (abs_corner) : Fig. 5.25

&

Fig. 5.19 The mesh for calculation (no).
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Fig. 5.20 The mesh for calculation (cb)
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Fig. 5.23 The mesh for calculation (all).

Fig. 5.22 The mesh for calculation (shelf)
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FHELICIX S % HE AR BEM % FH\ 2T 124-500 Hz D&% 2 Hz ICEH L 72, Bifts
RiCIFAFEZEZ e, 1HORIZEED 1/6 UT & L7, M, Mtk WeEtt #E
SEZ ORI E D B/ANZ L L, FHRESEFIRE L, HHUFAMKCE 7 =2 b O
WE L 7o, ZERITEM & FERIC 6 FEEL 2. BOBRSEMZ, FEMOERERE D 6
WL L 7P R E AT 5 X 9, #ESER [25,52,79,90,91,98] D FRE SR
%% 27\ Table 5.1 DAEICIRE L 72, {HL, 63 Hz FSEOMEIE SCHRIEDFAE L 22728
Lagrange fift]% HA %2 FHWTHE L 72, BHEICIINGE RBHYDOFHEFE A v E—Y VX %
1 A7 % =7V FNT—RRICE A 72,

Table 5.1 Absorption coefficients in this analysis.

R R 63T 125 250 500 1k 2k aK

BER (3R) HIE 96 kg/m®, |5 S 25 mm, w&Z&E 001 010 030 070 080 090 1.00
25 mm, N.R.C.=0.88 [25]*

BER (fi) 75 A% —, KIF, t= 30 mm, WA E % 0.15 0.14 0.12 0.08 006 006 004
O%4&tr [52]

-7 75 A% —, KIF, t=30 mm, WHME E % 0.15 0.14 0.12 0.08 006 006 004
% & [52]

FIE Ty 77— UHERER (ABA—Figk) 017 0.5 015 025 060 070 0.70
T.3) 12 mm [90]*2

3 M7a—vv791] 0.09 0.0 0.1 010 007 006 007

SEFER (LEE) 75 A% —, KIF, t=30 mm, WA E#i%  0.15 0.14 0.12 0.08 006 006 004
O%4&tr [52]

SETER (fik) AF% 15 mm, 2258 180 mm [91] 008 0.10 011 007 006 006 0.6

Vi A 15 mm, 2255 180 mm [91] 008 0.10 011 007 006 006 0.6

B K75 AF v 7T L NED [19] 000 00l 002 002 002 003 004

S 75 A (KRR [90] 028 0.18 006 004 003 002 002

*! Lagrange %HUC & 3 JHfE
2 BRI I BE

532 IREMANIBNEE

REM % G OBENEZ SIS T 27201, BFORRAEZHEE LEESHLE, 25
R LI ANF—WEE T 2L LEM NS %2 I 3R X 5 @GR %
9 [53].

AT ClE, Miki O [28,29] % W CiitdUkELo» & AR & FEE 2 B LR
MOV 2 E2ELTWS, Hv 3t (PET Affi%, 30K, Fig. 5.26)
DRAIRPHEE D 72 0, MEERENICKZM & AE—H—, PU 70 —7 (Microflown %,
Fig. 5.27) % Fig. 5.28 1/R T X HICHIE L, FHl & BT 2175 7=,

WEM DI E 228 2, Fig. 526 12T 438D OFLET PU 7’0 — 712 X ) HH &R -3
JERFRRHE L, RAA v E—F vy 2A2EN L% BHROREL, v 7Y v 7k
#:25.6kHz, ¥ 7VEE 8192, A— N—F v TH 1 50%, [FBAMERE 30 M, &
L v 10kHz, FWEA A 3.125Hz & L7, M, FFRHCZEAA v E—F v 2%l

\zﬂ

i..

=
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% L, R.Lanoye [20] 2SR HIECTHRIIEREZ KD, 22 HOTHKT — A TOMEMEZ
WIEL7, £7, BHLERAA v E—F v 2% 21 HohiMbBErEs L 7.

FRRDZEME (HLUSIZHBES, SHEAER) 12T, ROMURi 2 E8EEE L TH
H 22 - R PR 0 SRR ST 72 BEU  H0E (PR BEM) 12T TV, 125, 250, 500 Hz
DEMA Y E=F Vv AZEH L 728, FEHFER LR L %2, % Case DRAA v E—F v
2 RO FH R o FEMIE & §H5FAE% Fig. 529 1217,

Speaker PU

600 [ S
absorber Case 4 {] °©

I [N
unit: [mm] T 2000 10

Fig. 5.26 A sound absorber and four cases of arrangement of the absorber, a speaker, and
a PU probe.

Flg 5.27 The sound particle VClOCity Flg 528 A scene of measuring of the

probe for measurement (source: Microflown absorber’s surface impedance in anechoic
Technologies HP). chamber.
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Fig. 5.29 Measured and calculated surface impedance ratio.
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T, RORMA v E—=F v AOFEEL L IO, FEHME & FHEE O B EuE
DIRGRAE Er OAGHE 2RI 7.

. [valmeas — valcac|

Ey= 5.1
/ ‘Valmeas‘ (
Nf
E=) Ef (5.2)
f=
(5.3)

BL, valmeas: FHHHE, valeye: fHEAE, Ny fEZ2 5 L 72 MEE DO,

fisk % Table 5.2, 5.3, 54T T. WERDOHEICEHT 5 L, Case 3 DA ZFRS
377 —ATIE R=4000 [N-s/m*] OHE IRy L —HL T 570, DO T
R=4000 [N-s/m*| Zf\>% 2 & & L7, M, WEFRIAOMICE L T b Bkt
Zon U708, FEMME & GHRMED RS X { —T 2P EZE & B c—® L kv
EVH D0, WHEFRIZK o7,
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Table 5.2 Total relative error in flow resistance on real part of surface impedance ratio.

R Casel Case?2 Case3 Case4d

3000 0.241 0390 0.224  0.175
4000 0406 0323 0366 0.313
5000 0.564 0311 0495 0.442
10000 1.280 0.640 1.100 1.074

Table 5.3 Total relative error in flow resistance on imaginary part of surface impedance ratio.

R Casel Case?2 Case3 Case4d

3000 0.729 0936 0369 0.531
4000 0.216  0.507 0.895  0.360
5000 0.658 0.678 1584  1.068
10000 3.318 2.800 4.649  4.592

Table 5.4 Total relative error in flow resistance on absorption coefficient.

R Casel Case2 Case3 Case4

3000 0.060 0.095 0.019 0.53

4000 0.022  0.024 0.099  0.027
5000 0.092 0.081 0.178  0.095
10000 0.395 0407 0491 0424

533 MHREEER

S & DL

HATAR (no) o0 R WA BIRUC D\ T HM & WBIBFARNT O R0 ok % Fig. 5.30
ISRT WO IR LLES T s, HL, FEIMRIC & D PG Z L Cwe 2 iTEEkE
WHHET ) DERPREISEENT LD, B TEZOHROE TS RSN TR
W7z, BIET 5 MBEBICRENGEN T 280D 5,

WEPACIE L 727 — A (abs) oRBEBULEBISIC D\ T H2M & BB BT O 5 R
bz % Fig. 5.31 123§, & oA IR LiE->Tw s,
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Fig. 5.30 Comparison of calculation with measurement on frequency responses (no).
U-1 u-2 U-3
g— _ ;
s [ , j
5 F Sl:i 7 7]
Q ©»n - — -]
= I ] .
& 7 — a7 b
L-1 L-2 L-3
g ] i
5 2 ] 7] 7
§: ] :
Z 7 1 .
— — —
100 1000 100 1000 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]

Fig. 5.31 Comparison of calculation with measurement on frequency responses (abs_center).



T BIT AR — 7 HEEENRE L T—

#
(9))

5
M

150

B2 -REOXE

AR (no) 264« RaMS L GG OREBISEBEEE: Fig. 532 1R 9. [k
ICHREE 2 < L 258 DIBE % Fig. 53312, ©7 / 2L L B4 DI6% % Fig. 5.34
IRT., ZFNFR, EEBEEISICEWTOE =2 « T4 v TONME - FRENOEENR S
ns,



5.3  WBEEAE T 151

LI T (K (T

10 dB
[
P I S

Upper
Relative SPL [dB]

— no
— column, beam
T — T T —— —T —

L-1 L-2 L-3
= ] ; .
= i ] i
gz E WWMH g
o ¢ ] 1 ]
1 = ] — -
= ] E i
S - _ _
o~ E 4 i
T T T I T I
100 1000 100 1000 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]

Fig. 5.32  Frequency responses of the room without column and beams (cb).



152 HS5E FEELICE TG — 7  HEE2NRE L T—

LN (/1 T ([ 1T

g g I:i B 7

(= — — —

5 2 =t ] ]

Q ©n -] - -

Q @ i 7 ]

S 3 7] 7] 7]

5} — —/ no —] —

~ ] — shelf | 1 ,

T — — T ————— T I
L-1 L-2 L-3

= . ; ]

= i ] ]

o = ] ] ]

% : ,

o 2 ] 1 ]

-1 = ] — —
E i

& 7 7] 7]

T T T I T L
100 1000 100 1000 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]

Fig. 5.33 Frequency responses of the room without shelf (shelf).



5.3  IEEAERET 153

LI T (K (T

10 dB
[

Upper
Relative SPL [dB]

—no
— piano
T T T —— — T

L-1 L-2 L-3

Sa i

100 1000 100 1000 100 1000

Lower
Relative SPL [dB]
PR NI A I I
PN T I B

Frequency [Hz] Frequency [Hz] Frequency [Hz]

Fig. 5.34 Frequency responses of the room without piano (piano).



154 FSE FEELICBIT A —E7 /HEEEZNRE L T—

LN (/1 T ([ 1T

10dB
[

Upper
Relative SPL [dB]
R T A T

— no -]
— all R
— — T T ——— — T

L-1 L-2 L-3

A

100 1000 100 1000 100 1000

Lower
Relative SPL [dB]
I ST I S I

Frequency [Hz] Frequency [Hz] Frequency [Hz]

Fig. 5.35 Frequency responses of the room without piano (all).



54 F&O 155

LEMEEDTE

ETDE— FTHE L % 2 BBICREM Z23RIE L 756082 a5, WEIZFEHT
WGt EFEE E 22 X9, 0.6 X 0.3 X 0.3 m> QWL 2 PR P I il iE L7,
fE9% Fig. 5.36 ISR T

FCENIEIC X DB WD H 2 b DD, X Shenetal. [41] DR LETHDE—FTHHER S
HERICEM ZBLE T 2 2 & CREBISEDFHIC A 2 v ) L) B BIE R S ke,

LU ([ MM [ T AN

MW T

— abs_center
L-1 L-2 L-3

T I T T T T — T T T T
100 1000 100 1000 100 1000

10 dB
[

Upper
Relative SPL [dB]
[
[
[

Lower
Relative SPL [dB]
I O S |
I I N I |
I N T |

Frequency [Hz] Frequency [Hz] Frequency [Hz]

Fig. 5.36 Comparison of calculation with measurement on frequency responses (abs_corner).

54 F&o

FIETHET /MEE2WNRE LIME2iTo7%, 7, A VSV ZAIREHEICK D E
LiOFRMEZ R L7, KiZ, WEEUERNT 2 v CELRR 2 BRI 2 L S B 7B 0%
RS L 72, M, WEMEENEICBE L T, BEMz2 eSS oEERERE252
7 DICHF G OB 21T - 7. Z ORI L 72 2 EM OFURYLiEZ 1 v E—45 v
A D FEIE 2 FI v TURBNEAE IR 2> & HEE L 72,






157

56 =

AfFEClE, MEROBNFTEEGIA X — L0 2 HIE L, BRI EHICKIT T
BT 2HRZE S ZERHNE LB 211072,

B 1 ETIE, AR R MO OBl 27> 72 LT, AWfZEOHIWIZD W
TR 7z,

K2 & U 2208 & /NERE SIS B 1) 2 BN EZRLGTR O BUEZ g I8P L 7.
INZERTE TR B DA T — F DA R\ 72 O (R SR O HI A3k & 72 3 & 72
5. ZOFHEGEE L CESOIBBIEICER L, 21U T 2O ELZEML 2. &
oI, /NEMESOWE 21T 9 7 O ISP ERUE AT A OB 236G > D AR TdH
5 Z kBT,

H2FTIE, AU TH 2 B EEERT R 2 8L L 72, S50 0E
2 RC, ERIEMNTICH 2 EE % B BEM, [ OGETFESE RT I 2 R R
A IR AR I filia 7z,

HIETIE, NEMICE T 2 EEBHHOBLRIEZ HIV & L TR E HifWEE 2 5 RIC,
WETH DG, RO EERNZ DY A4 AU THEICHT 2B 21To 7. ke
T, IRHUARRREIC X 2 ARG IS T T O W THREZ T o 72

Z DGR, RO RN L L CRWEERBIRIC B W Ty, i X i s
HHEAE— FPELL, DA, FBEBICEREISHET 5 2 Lbor o7, K, i
BRDMMFEREZS 0.8 m &£ KE b D TIE, KIFKETIH AR I AR T 0 B BRSS9k
WIS 2 2 LR &, ZOBRROFEMZMHIZSHOBEL 2 205, ILEED
FEIZFECCTH-> TO RN EL S 2 & TEGNDHENRE S B 5720, HEYICHEE
L7236t 2479 2 E CTATEOESOFEBUE DT 5 2 LB TE L HERH 5.

I3V X —RIEICBI L T, IEHUAR I HA_E O BB C IR BAR D DN S »
T EDVRB I T, FRWIHNICKRE R Z & TGE, WERPESORBEZ T I¢, %
DEFIERE L 7R D A4 XK E OERYIHDOIHMES T %55 2 Ldibo o 7z,



158 HBOF HRfE

PRBFFMERICBEI L T, RIS L TEFE L (/NS RIBBUATH > T b KHAFRFIC 5
R 2 i S ¢ 28 2 T Lz, IR RE R Z O EIIRE o, i
L, ERMEEIRD B E BB AN DEEI K E 2> > 7 0.8 m FI O I5BUAIERHC B \»
T, ARJABEEISR O B A~ DB I /NS <, HEDOBIROIIR X5 % 0 &
%5,

E7, IEEBEDOREIC X 2 BEBDZM (F9-5%) »WEHICMITTHEICEL T, 4
HRELTNIOWDBDTH-o 7%, HL, BEMMOMIED 72 D ICHERID> 6 5235 1 £ TOHHED
AL 72 ik, (EAEEIICE L Tl — FOMEIC X )G ICHERR L.

DL DRt i3 SR A RNT, BN E AT T R A L 7.

BAETE, REOEELMEL T, - B RAPEG T TREIC OV TR %
f1o7-.

FEDOFEIHTRERLE DO Y54 Tl 200 Hz DA Eo@E W EEEISIC G E 2 KIFLTE D, K
Bt B3RO s, —HOBERIE TIHFEEIVNI W L2 6 FIFRIST W ED
HBRREVWHDEEZSNS,

POWEIREMEICL 5T, FREIZEY =7 - 74 v 7OMEIET 5 b DD
INE otz FHOIEIENDOMZIIR: L RBRETH - 7228, WEDRBIZSE A0,

READFEIFHMR A TIIEIC X & TIAHICHEDNH 5. READEIDEVITLS
AT ERIT 228, BREFEVHOFEKE W, BEMEOFEL, B L 2o
UL 72z L, PRl e (38 282 KIF L 7. FH oI IcB L Cid il
EEAIE X D D RECUE L, MEERETIIEEII/NI o703, FIIMIm Z [
175 k9 BLIE TSR LML 7282 KIF L 7.

WHEETEMU LD E LTEETIE Y /MBEE2MNRE Lt 2fio. £7,
A VSV AIRNEREIC X D BEGORMEZ IR L 72, XIC, WEVEGERRNT 2 v TR Z
AL SIS G a0 2 MEt L, v, WEMBlEREICEI L T, WEtz2E
GE ORI LR 2S5 DI E G OMRMNT 21T > e, Z OBRICE L 72 2 W
DAY UEZ A~ E— 8 v 2 DEMIE 2 H v TRBEAERRNT & H#EE L 72,

PLE, AZEICK > TRONZEEERIE L. SBOKERIEE LT, AWZET
NI NI BROHGERN 2 R, SO & TR ARG O MHGBE R D i 23251 F &
5. ZiUT XD, NERESOEEOFEDIEHIIEE LD, AR CT - 25
XD EEIICBIRO b EEZ o, IEO/NERESZ X D EUNCER LS 22N
B AX — L DML DT DDA ERED S Z LI NS,



159

EmEILE - REEBREISEICKIF

5/ 38R
55%%

o I 3 EITE T 5 BUEMHTHRIR 2 N T
o FHAMERIEIELZSMOI &,

Al TERDEZET: SELANILSS



160 iR A BEFIIGH - WS RSS9 RIS T

Al11 H—ERE



Al EFIERNT © FHE LV V0T

161

10log(p"2)

6
:
5 °
=

T T
0 1 2

5]
4
Es
>
2]
14
T T
1 2

E_potential

10dB

E_kinett

10dB
[

(a) Plane XY

E_kinett

10 dB
[

x[m]

(b) Plane XZ

0
x [m] x [m]
10log(p”2) E_potential
3 3
=L
o
2
—2 -2
& E
N ~
1 1
o+ 0 |
0 1 2 0 1 2
x [m] x [m]
10log(p"2)
i
=L
o
2
—_ 21
£
N
1
0 T T T T T T T
0 1 2 3 4 5 6
y [m]
E_kineti
34
2[
o
e
—_ 2
£
N
1
0 T T T T T
0 1 2 3 4 5 6

y [m]

LAl

E_potential
3
P
£
<
1
0 : : : : . T . T . T .
0 1 2 3 4 5 6
y [m]
E_total
34
P
E
N
1
0 . : . : . T . T . T :
0 1 2 3 4 5

E_total

10dB
[

X [m]

E_total

X [m]

10 dB
[

10dB
[

y [m]

(c) Plane YZ

Sound pressure distributions (noDiff (rigid), 63 Hz single frequency).

10dB
1



162 fhix A BERHEHL - Wl R AEDS B I51C JUE 58

10log(p"2) E_potential E_kinetc E_total
6
=L Xg =L
S = 2

4

E
>

2

1

0

0 1 2
x [m]
(a) Plane XY
10log(p*2) E_potential E_kinett E_total
3 3
=L =L =L
= = =
— 2 —2
E | E
N N
1 1
0 T T 0
0 1 2 0 1 2

x [m] X [m] x [m] X [m]
(b) Plane XZ

10log(p”*2) E_potential

3]
2A
g "
N
1
T T T T T
1 2 3 4 5

10dB
[
10dB
1

0 0 —
0 6 0 1 2 3 4 5 6
y [m] y [m]
E_kineti E_total
3
=L :L
o= =)
1 2 2
:—ZA
E
<
14
0 ———
0 1 2 3 4 5 6

y [m]
(c) Plane YZ

Fig. A.2 Sound pressure distributions (noDiff (rigid), 125 Hz single frequency).
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Fig. A.12  Sound pressure distributions (2wallDiff (rigid), 125 Hz single frequency).
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Fig. A.14 Sound pressure distributions (2wallDiff (rigid), 125 Hz single frequency).
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Fig. A.15 Sound pressure distributions (2wallDiff (rigid), 1 kHz single frequency).
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Fig. A.16 Sound pressure distributions (2wallDiff (absorp), 63 Hz single frequency).
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Fig. A.31 Sound pressure distributions (noDiff (rigid), 1/3 oct. band).
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Fig. A.32 Sound pressure distributions (noDiff (absorp), 1/3 oct. band).
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Fig. A.33  Sound pressure distributions (2wallDiff (rigid), 1/3 oct. band).
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Fig. A.34 Sound pressure distributions (2wallDiff (absorp), 1/3 oct. band).
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Fig. A.35 Sound pressure distributions (4wallDiff (rigid), 1/3 oct. band).
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Fig. A.36  Sound pressure distributions (4wallDiff (absorp), 1/3 oct. band).
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Fig. A.37 Sound pressure distributions (4wallDiff_vol (absorp), 1/3 oct. band).
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Fig. A.38

Sound pressure distributions (4wallDiff_middle (rigid), 1/3 oct. band).
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Fig. A.39 Sound pressure distributions (4wallDiff_middle (absorp), 1/3 oct. band).
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Fig. A40 Sound pressure distributions (4wallDiff_large (rigid), 1/3 oct. band).
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Fig. A.41 Sound pressure distributions (4wallDiff _large (absorp), 1/3 oct. band).
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Fig. A.42 Sound pressure distributions on receiving plane XY (noDiff and 2wallDiffH, all pass).
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Fig. A.43 Sound pressure distributions on receiving plane XY (2wallDiffV and 4wallD-
iffH, all pass).
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Fig. A.44 Sound pressure distributions on receiving plane XY (noDiff and 2wallDiffH,
250 Hz 1/3 oct. band).
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Fig. A.46 Sound pressure distributions on receiving plane XY (noDiff and 2wallDiffH, 1
kHz 1/3 oct. band).
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Fig. A.47 Sound pressure distributions on receiving plane XY (2wallDiffV and 4wallD-
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Fig. A.48 Sound pressure distributions on receiving plane XZ (noDiff and 2wallDiffH, all pass).
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Fig. A.49 Sound pressure distributions on receiving plane X7 (2wallDiffV and 4wallDiffH, all pass).
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Fig. A.50 Sound pressure distributions on receiving plane XZ (noDiff and 2wallDiffH
250 Hz 1/3 oct. band).
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Fig. A.51 Sound pressure distributions on receiving plane XZ (2wallDiffV and 4wallD-
iffH, 250 Hz 1/3 oct. band).
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Fig. A.52 Sound pressure distributions on receiving plane XZ (noDiff and 2wallDiffH, 1
kHz 1/3 oct. band).



A2 EPEIERNT ¢ HIES A 215

5ms 10 ms 15ms 20 ms 50 ms 100 ms 150 ms

(a) 2wallDiffV (rigid)

(b) 2wallDiffV (absorp)

(c) 4wallDiffH (rigid)

2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2

x [m] x [m] x [m] x [m] x[m]

z[m]

X [m]

(d) 4wallDiffH (absorp)

-0.008 0 0.008
[Pa]

Fig. A.53 Sound pressure distributions on receiving plane XZ (2wallDiffV and 4wallD-
iffH, 1 kHz 1/3 oct. band).
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Fig. A.54 Sound pressure distributions on receiving plane YZ (noDiff and 2wallDiffH, all pass).
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Fig. A.55 Sound pressure distributions on receiving plane YZ (2wallDiffV and 4wallDiffH, all pass)
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Fig. A.56 Sound pressure distributions on receiving plane YZ (noDiff and 2wallDiffH
250 Hz 1/3 oct. band).
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Fig. A.57 Sound pressure distributions on receiving plane YZ (2wallDiffV and 4wallD-
iffH, 250 Hz 1/3 oct. band)
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Fig. A.58 Sound pressure distributions on receiving plane YZ (noDiff and 2wallDiffH, 1
kHz 1/3 oct. band).
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Fig. A.59 Sound pressure distributions on receiving plane YZ (2wallDiffV and 4wallD-
iffH, 1 kHz 1/3 oct. band)
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Fig. A.60 Sound pressure distributions (4wallDiffH_AV (absorp), all pass).
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Fig. A.61 Sound pressure distributions (4wallDiffH_vol (absorp), 250 Hz 1/3 oct. band).
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Fig. A.62 Sound pressure distributions (4wallDiffH _vol (absorp), 1 kHz 1/3 oct. band).
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Fig. A.63 Sound pressure distributions (4wallDiffH_MD (rigid), all pass).
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Fig. A.64 Sound pressure distributions (4wallDiffH_middle (rigid), 250 Hz 1/3 oct. band).
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Fig. A.65 Sound pressure distributions (4wallDiffH_middle (rigid), 1 kHz 1/3 oct. band).
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Fig. A.66 Sound pressure distributions (4wallDiffH_middle (absorp), all pass).
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Fig. A.67 Sound pressure distributions (4wallDiffH_middle (absorp), 250 Hz 1/3 oct. band).
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Fig. A.68 Sound pressure distributions (4wallDiffH_middle (absorp), 1 kHz 1/3 oct. band).



A2 HEPSEMT - S A

231

5ms 10 ms 15ms 20 ms 50 ms 100 ms 150 ms

X [m]

(a) Plane XY

(b) Plane XZ

0O 1 2 3 4 5 6 0O 1 2 3 4 5 6 0O 1 2 3 4 5 6

y[m] y[m] y[m] y[m] y [m]

(c) Plena YZ

-0.02 0 0.02
[Pa]

Fig. A.69 Sound pressure distributions (4wallDiffH_large (rigid), all pass).
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Fig. A.70 Sound pressure distributions (4wallDiffH_large (rigid), 250 Hz 1/3 oct. band).
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Fig. A.71 Sound pressure distributions (4wallDiffH _large (rigid), 1 kHz 1/3 oct. band).
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Fig. A.72 Sound pressure distributions (4wallDiffH_large (absorp), all pass).
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Fig. A.73 Sound pressure distributions (4wallDiffH_large (absorp), 250 Hz 1/3 oct. band).
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Fig. A.74 Sound pressure distributions (4wallDiffH _large (absorp), 1 kHz 1/3 oct. band).
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Fig. A.75 Comparison of reverberation (4wallDiff_middle, all pass).
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Fig. A.76 Comparison of decay curves (4wallDiff_middle, all pass).
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Fig. A.80 Comparison of decay curves (4wallDiff_middle, 1 kHz 1/3 oct. band).
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Fig. B.9 Relative SPL distributions on a plane (z = 1.2 m) (a beam on front of ceiling).
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Fig. B.10 Relative SPL distributions on a plane (z = 1.2 m) (a beam on back of ceiling).
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Fig. B.13 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,
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Fig. B.17 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,
20 cm thin) on leftside of back wall).
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Fig. B.19 Relative SPL distributions on a plane (z = 1.2 m) (2 furniture (volume type,
20 cm thin) on sides of back wall).
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Fig. B.20 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,

20 cm thin) on back wall).
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Fig. B.21 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,
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Fig. B.22 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,
40 cm thin) on rightside of back wall).



268

kB A - B ZKEDEGICRIT T

X [m]

]

X [m]

X [m]

x [m]

x [m]

E
®

T

v40_bl

71Hz

X [m]

59Hz

63Hz

67Hz

.
4

75Hz

80Hz

I

84Hz

©
©
T
N

112Hz

94Hz

L

100Hz

106Hz

118Hz

125Hz

133Hz

141Hz

177Hz

149Hz

158Hz

167Hz

189Hz

199Hz

211Hz

223Hz

236Hz

250Hz

265Hz

1 2 3 0 1 2 3
y [m] y [m]
L
3dB

Fig. B.23 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,
40 cm thin) on leftside of back wall).
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Fig. B.24 Relative SPL distributions on a plane (z = 1.2 m) (2 furniture (volume type,
40 cm thin) on sides of back wall).
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Fig. B.25 Relative SPL distributions on a plane (z = 1.2 m) (furniture (volume type,
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Fig. B.27 Relative SPL distributions on a plane (z = 1.2 m) (furniture (shelf type, 20 cm
thin) on center of rightside wall).
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Fig. B.29 Relative SPL distributions on a plane (z = 1.2 m) (furniture (shelf type, 20 cm
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Fig. C.5 Impulse responses and decay curves at point L-2 (no).
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Fig. C.6 Impulse responses and decay curves at point L-3 (no).



290

ik C

FKEZITB T 586

abs—U—1-AP

1
2
]
=
=
=1
=
o
v

e e e e

- abs—U—1-63 Hz - abs—U—1-500 Hz - abs—U—1-4000 Hz
£ E E
% 4 4 E
& . ]
= — —
= m ]
= — —] —
3B ] 1
©“1 = =

- abs—U—1—125 Hz abs—U—1-1000 Hz — abs—U—1-8000 Hz
o ] —]
2 E
o —
. ] m
= -
R g
S =
2 ]
©“1 =

abs—U—-1-250 Hz - abs—U—-1-2000 Hz — abs—U—-1-16000 Hz

o — —]
Z . .
15 = -
& m 1
= — —
& ] 5
= — —
) ] ]
w2 — —

‘ T T 1 ‘ T 1 T ‘ L ‘ L = T T 1 ‘ T T 1 7T ‘ L ‘ L = L ‘ T T 1 7T ‘ L ‘ L

0 500 1000 1500 2000 O 500 1000 1500 2000 0 500 1000 1500 2000

Time [ms] Time [ms] Time [ms]
(a) impulse response
. 0 i
5] s
] = 0. S

=
2 —30
0 ]
£
& ~50]

—60— T T | — T

0
g 0] abs—U-1-63 Hz b abs—U—-1-500 Hz B abs—U—~1-4000 Hz
E 720{ T20=0.36s { T30=0.21s { T30=0.18s
@ —30 5 .
3 ] ] ]
g 407 7] 7]
& —50 ] ]

-60~+——— — e e e e
_. 0
2 710; abs—U—1-125 Hz ] abs—U—1-1000 Hz 7 abs—U—1-8000 Hz
= ] T30=0.325s ] T30=0.16s ] T30=0.18s
g 20 E ]
2 30 . .
2 ] ] ]
g 407 7] B
& ~50 . ]

01 s s e I s e s s s B ——T T T T T T T T T T T T L S s S B s s
—_— 0 N 1
2 10 abs—U—1-250 Hz ] abs—U—-1-2000 Hz . abs—U—-1-16000 Hz
= ] T30=0.24s ] T30=0.17s ] T30=0.18s
z 207 7] 7]
2 —30 . .
i ] 1 ]
5 407 E E
& ~50] ] ]

A A —_———

0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
Time [ms] Time [ms] Time [ms]

(b) decay curve

Fig. C.7 Impulse responses and decay curves at point U-1 (abs).
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Fig. C.8 Impulse responses and decay curves at point U-2 (abs).
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Fig. C.9 Impulse responses and decay curves at point U-3 (abs).
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Fig. C.10 Impulse responses and decay curves at point L-1 (abs).
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Fig. C.11 Impulse responses and decay curves at point L-2 (abs).
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Fig. C.12 Impulse responses and decay curves at point L-3 (abs).
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Fig. C.13 Impulse responses and decay curves at point U-1 (book).
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Fig. C.14 Impulse responses and decay curves at point U-2 (book).
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Fig. C.15 Impulse responses and decay curves at point U-3 (book).
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Fig. C.16 Impulse responses and decay curves at point L-1 (book).
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Fig. 4 Diagrammatical views of the rib placement

Explanatory notes,
Absorption: (no note); nothing, Ca; sponge on
the ceiling
sw: side wall, rw: rear wall,
Rib direction (For the floor): h; horizontal,
v; vertical, r; random (300 x 300 alternation)

“ The room acoustics effects produced by scattering properties of wall surfaces — the examination by the scale model, by
TSUCHIYA, Yuzo,( The Univ. of Tokyo / Toda Corp.) LEE, Hyojin, EDA Kazushi, and SAKUMA, Tetsuya (The Univ. of

Tokyo).
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Abstract

The fast multipole BEM (FMBEM), which is well known as an efficient BEM with the use of
the fast multipole method (FMM), has been studied a lot in the field of acoustics. However,
studies on energy decay fields particularly in porous materials are hardly seen since the
assumed medium in many of the FMBEM studies is limited to the air. We have already
proposed a setting for FMBE analyses of porous material fields and validated the setting
through numerical experiments with simple-shaped models (Y. Yasuda, et al., Inter-Noise
2008). In the present paper, the FMBEM with a domain decomposition approach is applied to
a complex-shaped room that includes porous-type absorbers and a piano. Numerical results
by the standard BEM and by the FMBEM with the proposed setting agree well. Moreover, the
FMBEM shows much more rapid convergence of iterative solutions than the standard BEM.

Keywords: boundary element method, fast multipole method, domain decomposition
approach, complex wavenumber, sound absorber
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