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ABSTRACT

In this study, an experimental investigation was conducted to estimate the location of propeller

cavitation using a beamforming method with a hydrophone array. The sensors were mounted on the

hull surface above the port side propeller and arranged in a single-armed spiral. To validate the per-

formance of the sensor array, a test was performed using a reference source ITC-1032. The results

showed that the location of the sound source was well predicted. A scaled model-ship test was con-

ducted for various test conditions in the large cavitation tunnel of KRISO. Propeller cavitation was

observed using a video camera with stroboscopes,

and the propeller noise were measured by

on-board sensors. From the observations and estimations, we concluded that the dominant cavitation

was well estimated.
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& AolAl vE HAY A A 5o AR
TAZ sl Fa83 AR gFz vk A
FERALSS FAGTA A5, 7IAA A5, 73
7] e T UYE Aol EASHAIRE FX17]00 A
BTl o] H(cavitation)©] FAY3H Foll= F317] AH]
Hold Afo] FEHARAEY] TS A gt

Corresponding Author ; Member, Naval Ship Engineering Research

Center, Korea Research Institute of Ships and Ocean Engineering,

Principal Researcher

E-mail : seol@kriso.re.kr

*  Naval Ship Engineering Research Center, Korea Research Institute of
Ships and Ocean Engineering, Researcher

**  Member, Mechanical R&D, LIG Nexl, Chief Researcher

—-

392

Trans. Korean Soc. Noise Vib. Eng., 32(4) : 392~400, 2022

[ Y
Kol
~

(o]

Hoy

4 o
R T R (TS

i

1

NI
r

—_-

)

19 ofr

o ox
L

01 ]W—Er]

e
N
X
kI
B3

z
mfﬂ
ol

N = (o
ol

=

i
(o3

Wmﬂ w}ﬂ % ”%%
A g At Al 4 ,O
= ror 7 &
171 lu] o] A l Ay 5}

— 9
o
B
ol
o)
)
i
2
>

0%
>

=Ny 4

=

I
[
o
&
FIN
o

i Recommended by Editor Seong Yong Wie
(© The Korean Society for Noise and Vibration Engineering


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2022.32.4.392&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Eunsue Hwang et al.; An Experimental Study of Estimation of Propeller Noise Localization using Beamforming Method

A ol f I ol weh 543 SUksks lom AHEOlA 2ol TR B2 fA|A
% 13 A

AEE HolH o] Aol AiAY & WHEEYAL 7P

Sol "thar & 4 o FRE MA@ A9 p, 2 mAA S3F AMEREH SHE &
wmEEOI7] wEel] #3710 o3 &g Avk=s o §F ASolal k' (2nf/o)® TJJrT foF &5
AH o7 A7t Brksdte]l 1 AS FEs AaAT] e 7‘4«]95} N 3 3 ) 223 7P A%
T A7h EgAeltt 37 wiiee] A= A A N, v, 2 mRA S Al nﬂWH Ve e
Hlgold %7] A4 &X(cavitation inception speed, B2 A, a, & nHA LAY &, e, > o
CIS)E ol 7jHlHlo]d M-S A AA7]= o] 34 otk A (2)x B 3APE 2B 5 T3t

NE Antehs e, ¢, &

Z1golgt & 4 glow Aol 27 A £EE 99 UI(B(FHE
=ol7] allME FA7IA HAsHE Aol dy  AlE AEBREE ALEE ’gi}bwd’z’g%(cross spectral
1 9AE QA Adehe A7 Zasid, matrix), g+ 7V A5 AA 912 AEREFE
A AR FheetE o]8ste] B AAE = Z3HE(steering vector)©]th o174 T

©
e
=

A FX7] A dAskE AfRlE OIS A SR g9 "X gLl
A3lal %5 53 A (hydrophone)E ©]-83lo] 31 R
7] AulHold $12% F4ete ATE sl b= e, M)
S AL FA7] ARl SR F AA EHol B #=1 47
QoM@ Fui oo wFPA “J‘ﬂ%_ﬂ%’a}‘ﬁdr. B(f)=¢"C. g @
7% AeEE o]gate] AA uiXe] tig A HE
ARE FlstaL, BYPAR A A H o] o] A
3 A1g 2ol e AfnjElol A 289 9x] FAu 2.2 dAM uix|
A B AdE vlal EA8el WEGA Axts AA wix| el A e wel o A
Wb A GERLOD, o] =R nlFA A wiA|
2. &8 A FHE I8 44 o|2 ol o]&] F3F Ag]o}/d(spatial aliasing)©] $-5-5}
of B2 el AREHA = WAdE vl A (spiral
21 Fue do HEM g array)S o] 83U, AA WA HAAE 9Jste] #
259l A FdeE v 23 AMESEH 5 A Foe H1ee) BEetua she ¥ 27] 59
e g A5 A S FEl Aede] fXE AASIEE AT T AN wjA e} ARE A ASE
FAT F e WA HE ARSI, o] =i AAgof 3tk wid AR w3k 7] A7, AA A
e B F7] Aol A FHed veeel 7] B AA AT AN & elske] Fig 13} 2o
AME wiA sl 1710 A B ek Aes A58t
7] wjizol] AlA el Ae-gol 7}77}% Aol EAsHA
Ak oo ulg} WA A2 W=3-Y(monopole ,
source), -T-% ¥Kspherical wave)_‘?_%]i 7H3 3k o o N .
AA F2E 9 F7 o3k dake FAESIth 003 s
el o3 MAAA ZAE A5 20903 4l g . < /] )
A Apole] 917 Aol we A TR Slak Aol s .
ZHAA Aot #A FZH(source region)o] 7MY AS ' T~
A(virtual grid)yS wEA7]1Z S AT 2HE 3 01
T2 W W39 (beampower)E AAFsF] Bl Th§] gho] 015
Ao =0 ARG Aol X 2R3 015 01 oo5x(om)oo5 01
Atk Aol Aol Fx17] B EA G
=] Qtta B uj, 3= gdYor HILE Fig. 1 Sensor position on xy plane

Trans. Korean Soc. Noise Vib. Eng., 32(4) : 392~400, 2022 | 393



Eunsue Hwang et al.; An Experimental Study of Estimation of Propeller Noise Localization using Beamforming Method

o] H WL 0.0276 m, A ¥HEL 0.1097 m
2 3to] 12709 AAE AT

AA wz] AAE flste] B4 Tk ek B
shaat sk w3t A7) SO A HEE A F Al
A iR} ARE AA TGS Ao stk o] <
M AAE BFH FH7] 5o MA FH

3. MM HiX| M5 AT Al

3.1 AE ™

AA w2 Ass glatr] A3 7E A5dS o
2310 4% A% AL ST, Aua
Ed A (Korea Research Institute of Ships and
Ocean Engineering, KRISO) t&7)u|e|o]HEld
(large cavitation tunnel, LCT)olA] A]3]-&
om Adee A5 #2718 7R BYPAE AHESt
Atk Fig. 29} o] #& 3171 FAlell 33171 tial
e Aeds AR, 3 el 5% AME
Fig. 13} o] wjxel3lt). 7% Led
EWAFAE ARE8lo] 1kHz~ 100 kHz H9e] &
(random)S AN AL &g ASlE= 12719 B&K
miniature hydrophone type 81035 ©]-83}% a1, AlA]

el
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Fig. 4 Beamforming results of reference source ITC-1032
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Fig. 5 Scaled model ship test setup
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Fig. 6 Definition of blade angular position and direcion
of propeller rotation
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Fig.9 Beamforming results of propeller cavitation
Fig. 8 Propeller cavitation observation noise at 6.3 kHz ~ 80 kHz
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