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Acoustic Field Analysis of Reverberant Water Tank using Acoustic

Radiosity Method and Experimental Verification
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The acoustic power is a major acoustical characteristic of an underwater vehicle and could be measured in a reverberant
water tank In order to obtain accurate measurement results, the acoustic field formed by the sound source should be
investigated quantitatively in the reverberant water tank, In this research, the acoustic field of a reverberant water tank
containing an underwater sound source has been analyzed by using an acoustic radiosity method one of the numerical
analysis methods suitable for the acoustic analysis of the highly diffused space, The source level of the underwater sound
source and acoustical properties of the water tank input to the numerical analysis have been estimated by applying the
reverberant tank plot method through a preliminary experiment result, The comparison of the numerical analysis result with
that of the experiment has verified the accuracy of the acoustic radiosity method,

Keywords : Acoustic radiosity method(S&f 2| 2AE[H), Reverberant tank plot method(ZFaf2R ), Underwater sound source(+&SSH),
Acoustic power(2SIt2), Source level(S&2|H), Acoustic experiment(S&FAIS)
1.M 2 Svensson, 2015). 0| SollM SeRIIAEME Ses7te
TNt HHE O|AKQl i HIAIHOZ J1YstE 2 SHibs
ZHdiffused sound field) &Ao| S0|st DFul S&F iAo
S3Ht2](acoustic power) £ AT 22 $E380] T2 Sa ) Bl 8 SRS
omre L _ M50 (Kuttruff, 2009; Nosal and Hodgson, 2002; Siltanen
SEEMof| S5, ZHekrEZ(reverberant water tank)olA2] oAl 2007 AR ol st wEixial(parall
= - . — € al, , e Ly of o arallel
g 56l MPHOR M0l JKSSICHL ot ol 2014) B8 R
Tels ME A MESP| Seike BemE Aol gga DO SHEE TERLSTRL e SEAE
. . ey 1s 2|5k
= A4 mojo] Mulslolol sic Ol ool chvet SAEp| ot @2 2009 N
sl A sl MT e Matme o9 xE
¢} SABIATEO| A5 BeHos BT ct B, D) RIS SREE SHS, HESS,
Mekmo| SHEM siMe 9Bt 2xlaiAtors et S7IFY SO STl TROR SiFeck ol SES
=

Aol 2elelH(source level), X|EkM(directivity) S
EM3} ZA=HO| 25, THEAIZE

>

L4 (finite element method), ZAHIR48(boundary element

method), SMFEXH(acoustic ray tracing method), B3 e = = S -

(beam tracing method), SAHIZ{0]|L{X|5| A (statistical energy dofl YE=7| mEolch. sEuEnlESe STEZn of
analysis method), OlILiX| S&34{(energy flow analysis), S of TeMiziE(reverberation time method), TrETETH
Sl2|C| @A|E|H (acoustic radiosity method) S0| 20, 2HA] (reverberant tank plot method) & 7[8tRE =& Jtssict
Fajeo| M| 7ol sAl BB AHEHE 238k 2 (Kim, 2019). THAIZHH2 ARMol| mfetEl ZHekA|Zt H|O[EIE

EME 118510 MEMoz MEx 11 cHSavioda and ol8sl SetE FMsk= 7|Ho|m{(Cochard, 2000), Rreke

Received : 2 May 2019 | Revised : 25 July 2019 | Accepted : 19 August 2019
T Corresponding author : Kookhyun Kim, kimk@tu,ac kr
It is noted that this paper is a revised edition based on the proceedings of KAOSTS 2019 in Jeju



oy
H
o

T2 FEE?t L 32 HlolefES ol8sl 3
AlZE E8E S Fdske 7|HolcHazelwood and Robinson
2007).

2 oM 1F

Sola|uln} Akt

Fa SABAT el S8
£ ol8sh TEEe] SHSHAS SHBIc of o), HAEe)
T SelRUn HEARE Holels MY ZNE 018
8 EFETHS T|uoR AETIC 8t SRR 3
gulzlo] £ SUuWel B|DE S5 HBech 4
Al RES BB Chasmel SIS ST 1 2
3 SMg DAtk

2.0l &

=
Lrekex T (Hazelwood  and
Robinson, 2007)2 M&si} &2 ZoMe= SXke| ofshE &7
2fal s 7[Hol|l CHSt 7|2 o|22 2k7|&sI9iCt

2.1 2% EiCI2AEY
S8 2ICIAIE|HolAE Selofl ofst Hed 77| S8Rl
El

=
(acoustic radiosity)& At HHZF Z8F of|L4X] WE
of o|st =& SERICIQAIE| AXMSH = O|2FE F=SEoA

|0
jo
o
o
x|
R
r

W(T it R%/C)COSQW *nR

= “ds, 1
L 4; 47rR2 (1)
R,
P £ ] Rij/c)e dSJdSl.
O7|M, i - B CH2HE 5| TIIEHAPAAHpover

reflection coefficient) 24, 10flA S-S&(absorption coefficient,

o,)2 M Zlolch A& i-Ha T cizisel M (nf) 2 LiE
o, Wir,,t) o Ixlst S S8kEke|(acoustic
power, Watt), 6,,= 2t i—#Hu HH Cl2iao| BHMHET}
O|F= ZHrad), R,,= S¥1t HH Cl2iE Ao| glojefx| 7t
Hel(m), R;e -t ZH Ciziedat j-Haf g oiid &
of 2lo| x| 2 H2l(m), ne= 32+ 5 o=l ofsh A
£=(damping coefficient), t= AlZHs), c= ST MEET(m/s)
olct 2Hd, Fj = - EH Ciziednt j-tHm g oy

ko] AR shape factor == form
o|H APYEiCY

o

cos 8, cos b,
= f / ————"dSdS, 2
sV s TR T

0{7|M, 6,2 6.2 W HHCRZED j-Hu gHcizt
o} G- G-
} o|F= ZHrad)g 2lolsich
28 9l r oMol =2t SERIEIAIE(instantaneous
acoustic intensity) 7(r ,t)= Al (3)oll 2|7 APESio], Al (4)
=0

OS=ZHE F£SHoA 2| S (sound pressure level) L =
Heksict

o°I'

—R, /C)cos€ _

](r, )= E f e "R”d@ (3)
1*1

W(’f‘gyt R /C) —nk,,
4 ",
4m R

07|, p,& & LZ(kg/m?), p,= 7|1FSU(1uPa)ol0d,
R. 2 R, = 22 370 g ofd ol dolfix| 2+ A
2l(m), S =8 7t AH2|(m)olch

pi=pitpi =8 (717)+p3 (5)

0i7|M, p,, ps, p, 2 22t MASH, AYSE, TreESAO
Me| 22t (Pa)ES 2lo|st0d, s= SE2(source output, Pa)
r2 St =387t 7+El( Jolck.

ohH, SEEOM St =387E Helol mHE SUE 5
M5, 012 H2MZe Ax(1/7")24 222 MBS 7t
-M2Fo2 st= J2i=o| FAISH F, olof| iS5k Me 3
HAlg AESI0] & TAGHHE Fig. 10f] AR RekrexEE
ZpMsk 4= Qlch o W, MEaFAlel 7|27|9f MEHE 24zt S
o £ o731} TSR SUHE poll sHEStER, 0|E of
sl S ozl Al (BT Al (7)ol A ESHA
(absorption area), ek 7t S| S&ul2lole{T &b AEe

== UcHHazelwood & Robinson 2007).

2
A= 167ri (6)

/o

Ty =5526— (7)

JSNAK, Vol, 56, No, 5, October 2019

465



19
0 h
i)
il
0
2
m
i
o
f=}
0l
rok
[l
9&
b
0jo
i
=o£
=
_"___|
=
ot
oY
o[

2
N
L
b
o
g
ro
Ijok
o]
rE]
il
2 0o 3
H
el
]
=
|
=
n
38
[
g
oo <

0121 /_

o o
=Y P=Y °
(&>} [e=) -
\

AN

\

Squared Pressure (Paz)

o
o
=

002 | 1
}/ O Measured Data
Fitted Curve
0 . | . |
0 5 10 15 20 25

1/ Range2 (m'z)
Fig. 1 Example of reverberant tank plot

Neexe detwe| 25, BEXA| cRIFE S
HZHstiffened steel plate) TZEZ HMA={20, O
Fig. 22| AREIZt 2o}, Thekpzxe| 37| UF 32t 7|
Zo| 5m, Z 3.5m, =0| 1.95mo|0{, 1.47m Zlo|2|

> 10 0z D%

03 MY o2t He

HU rjo o

Fig. 2 Reverberant water tank(Park et al., 2019)

(fresh water) 2 MM Ack S 2oloMe] A2 25.725
m30|0], AFFHS HMelsh g EHME 42.29 m2olch

324

Il

| 7o

AE™H|= Fig. 32 20| &&17|(transmitter) 2t T=EE37|
(Hydrophone), ¥ =(power & conditioning amplifier), FIk
47| S22 FMSIQICt

£AM7 1= el=22(monopole sound source) MIAE ZHEHSED
Zoldkek 0.5m, ZaksF 3 AEEF HEYol| IHSINCE of
mf, &4 AS2 WM S(white signal)E AMESIICE +EH

2712 SHnt SYUst Zolok Bus SIxS FAIE AlefolA]

Zolystoz & 107 XM= OIS5iRIM SEAES Al
%t Table 12 ST +588719| Zolwst 02 72l Liet
o Z0lct

PC

Frequency analyzer
(B&K pulse)

Monitoring signal

Power amplifier Condltl’o.mng
amplifier

(B&K 2713) (B&K nexus amp.)
I |

Hydrophone
(B&K 8103)

Transmitter
(Neptune sonar D17)

Fig. 3 Configuration for acoustic experiment facilities

Table 1 Hydrophone distance apart from the transmitter

No. Distance (m) No. Distance (m)
1 0.099 6 0.305
2 0.128 7 0.410
3 0.148 8 1.021
4 0.202 9 2.168
5 0.277 10 3.037
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FASIRCE o] mf, FHEHRE SAFIR: 7|F0Z 2.5~20
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octave band center frequency

1/3 oct. Source level 1/3 oct. Source level
band center (dB re. band center (dB re.
frea. (Hz) | 1pPa® - m?) | frea. (Hz) | 1puPa® - m?)
2,500 99.1 8,000 121.0
3,150 102.3 10,000 125.0
4,000 107.6 12,500 131.5
5,000 111.8 16,000 139.7
6,300 116.4 20,000 140.1
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Table 3 Power reflection coefficients by 1/3 octave band

center frequency of the reverberant water tank

1/3 oct. Power 1/3 oct. Power
band center| reflection |band center reflection
freq. (Hz) |coefficient (=)| freq. (Hz) | coefficient (-)
2,500 0.926 8,000 0.907
3,150 0.924 10,000 0.936
4,000 0.888 12,500 0.936
5,000 0.874 16,000 0.927
6,300 0.894 20,000 0.944
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