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L+ large eddy simulation(LES)¥ 2 CFD 7|xte] 7|HEo] A& a1 )t}
olwj A AxE dojx= Z2Hy FHAA Y UHEEE V|No=
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ojuf ddojxl Z=H of g ExE oY ez FhY
A G FWH 9] &3 M-S B3 478 54S a5 v Ao "
o
B

AFo| A= L2 )5 A S (loading noise)Z} 7 A S-(thickness noise)2]
]
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Breslin Z} P. Andersen[16]> 413 sl¥l <F= ™ o] E(linearized lifting
theory)S 7IMFo 2 HFE 4£g9 FALLY FFLGoRZ 3T

719 GEHes ZzIe I 9 noise-tail line o wEl H3PIA T

TAOE FEs= dipole = AT F dS= STHUTE E. van Wijngaarden

=
ol E 7Hto 7 FAASIH dTiheS 727 dipole # longitudinal

[15] &<

quadrupole 3 E}e] 57} &< (equivalent point source)SZ H P TS} o1,
SFAAE ol&d AFAEee HuE: FI Ad® FLEY AVIE
o Fete= ZIWMS AbE v vk ojw AAe] &AM S dlE stEsiAeH
FAL2ES 47 593 Al712] dipole, longitudinal quadrupole U E 9]
A BEZ VMG o, S99 A, & Wdk(axis direction)> ©|H| &al
AT TEEE = S99 ATIRkE mAFER AAste QAEAE
APsA Y. AEstE gstE QA 9o AZIvE w A ZHA
¥, o= o] ¢k &3l(SVD, singular value decomposition)®} 2 A3 3}
TAE UFe 7IHE ol&eto éﬁﬁﬁ}%‘:}.
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Pl A= Zrde] EIFHAFS Fa HwA folaA ZEAYe HETE
Aes d5T F s Aol dvh 2HY S48 BEIHE AR
Aol o] a3 2 ZAF] At

1) stsaad Bl dipole o WX FEH] AAA] AA =g}

w8E= SAoNAMY AA RbFAel AHHI e A Fidve
Zojth, dutd o g 2 3dHgA Y HdA| WhFge FHAoR
B dst -5 Y (spatially non-uniform wake field) FENE 2Zrom,
e i F1A FH A WstE opr|guH1]. whEbA
E. Van Wijngaarden ©] 7}83 a5 459 SXFHS «“dAS AV=

A
= WA YE(ring type)d] dipole X AA Z2HHT 85 =
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7 2o FAAAE A A A2 (pre-processing), 5 *] 2] (main processing)
i F AP (post processing) THAE T = ATk AAE DANAM=
§ Al T E EA5te] M A ST Aeds REEsal B
2 12 sk AAE S BYstth olF HE AHH oA B Eedl A
il of wid® F3FAAM wldES o]&st] HETE Ass
Rz E wEor FF FAHY wAdA AEE
F FAE dlale] AREE FE4FE(CSDM, cross spectral density

Attt FEAAE S SFAA wde] ASE +FS 7WeR

o
= [ R
WA, S WA AFu S SR ld JuE ek

=

Noise Source modeling Measuring hull

; —— pressure field Pre-processing
& Parameterization : ! step
using receiver array
e .
~ |
| Calculation replica |
| |
: pressure field !
| using BEM !
|
: i Main-processing
|
| iteration _ W \ 2 i step
i Comparing similarity between |
} replica and measured pressure i
| 1 using MFI method }
| o
Find optimuim source parameter & Post-processing
calculate hull pressure fluctuation step
O -1 ulEE A9 o U WEe A% A

FA g dAdA = =
2@ Al vigd @AM E AR BASES Eolgth o
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=
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Aeronautical field

Marine field

UH-60 Commercial vessel
# of blade / radius 4EA/8.18m 4~6EA/
RPM / 258 rpm / 110.5 m/s 110 rpm / 41.4 m/s
velocity at mid-chord (at nominal speed) (at cruise speed)
Medium density 1.184 kg/m? 999 kg/m®
Sound speed 343 m/s 1027 m/s
Mach number 0.322 0.028
ka 2.6 0.2
9% -3 @371(UH-60)e Alute] mzme] 98 37 4 vl
a9 -3 #A7|(UH-60)9F duk A z=ddo 8 34 SA4S
waste] Uehd gl @rleh A zzdee wFE sge mF
AeES st gl e BAstE FAEATH LAsolde FER
AAW, A5 274 D £§ WAL 2 Aot A IwHom Hup
G379 A% dilel AA%EE 4ol 7S e ransonic), @719 A9
ol IALHEE =Xk gt FAe] AR 26 o) =L FAE
HojEr, me wjdeo] 5SS BY dge Ae S5& F7]el HlE| 3|
of’d om, W of 8008 ol (15°C 71%) =2 540 vk FAR

1}3}=(Mach number = velocity of source / speed of sound in the medium)<} ka
(= wave number x radius)S W] HW o] EAS By A AW 5

gtk hatrE fA9 FEA 452 el BRASE 33719 39 02
~ 031t 2 FXE Yo IE 38 E Y 54 (compressibility) 2]
ol wsk el slojok A w, Huk Tz A4S 0.1 S Fe FH2

HI 9t =4 & (incompressible flow)22 & = o] fFA9o AFAHLS

5 4 &8t



FAE 7 Udes & 7 Uk g Aduke A4S ] ZEdgEd Ex
3}% ka #S Zt3 Qo] SFHS=Z compact noise source?] 5S Holal
[23]. weba ez el A vgSAde S-S e mAdolA
%H-E compact noise source®] 5L ztu ufa s 4 glom, o] 3k

~
=99 &A% Ed(analytic source

Jn Ho ¥

AL B oA Z2Hy v FE

O T

5 A
model)& AAE= 712 AA7E H AL

[ Non-cavitation noise

lBlade thickness noiseJ l Blade loading noise ‘ l Turbulence noise

Negligible under the low Mach number

l Steady loading noise ‘ [Unsteady loading noise J

Negligible under the low Mach number

I -4 £3UH AYo] G2 ¥BF 28 BE.

H 35 Aa2 FWH ®Ag2del wal I3 [O-49 o] 774 S (thickness
S < (loading noise) 18]l %é\_g(turbulence noise) 0.2 TR
o

& Hﬂ AG A 9 S50 AAL WA EA

AT s A seln ?ié*—m dipoleﬂ TER ;{?‘é% = ATk 7oAl
W5 e Ao (fluctuating loading noise) &2 B3 d fFedolAx EAHEHo=
‘%‘35}":— stz ol™  dipole cluster®2 XdE 4 U1, ols A

15
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pT(m,r,v) = i a Vosinp Py + -
4 (40l mEE, @ FAR A gEde
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A71= 20VAR )dr/dh 0.2 JEbdE 5 o) ol 1=
Yell ™, dr/fdh= Kol wE Gl T WEE

zaAy Qoo A due A=

o
o

e
e =,
leading edge®ll 4] trailing edge® 7} A
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F709] nose-tail line(h')ll

olw dipole SUE]
Akl FAE

24 Q)

S Gk ARe A w9 e Ae
wojel REE ZE diples] FEz SAE F glon, FFelA £gEe
xzzAHe AL g 7|Ed ule} o] -%}Q”—?SLE compact source =
AdE = 7] wEel M2 o0& F3E e dipoled] dA5AQ 2¥= 1
[1-83} o] longitudinal quadrupole® YEFH = Ut}

Longitudinal quadrupole

a5 -8, E7 ©9e] nose-tail (A)o] ExLst= FAHA
BAlL

432 4 H &9 =9 AL

43148004 Zrdee] FALSAS Edd
e H3E zZke dipole 599 dAEHH FEE
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21

siAA mdlo] st

B £ 21, A=
1498 4 glem, o:

-";rxﬂ-! _k::l 1



2 AN E T 7HA FEY FALSE HEES AAE
(IT-4)el W= FALZSE G719 S Yu|st= F2(ne nose-tail line
(Kol & Wstgy JASES st Z=2FAHA gigt A FdF S%
VR) = VUP+@2mR ) 2 AFel Aleds & 5 ok o714 v ne 47
FrdFel Sxof Z2deo IHdsE ou|gith dRbxor Zae o i
F AR FYF FE(0)v 229 HAEE2mR)d vlste] g =}7]
ol AyHor FAALAGS Z2delo] A4 3| HE&Ee] X ujAl g
= Weva & 5 v oY ofE T Ao AF AA v o
e 719 A v & gow, BE G sdE AVIE e &
o] A FESIE A (ring) FEIE XS FHL=E AT & 9l
t}.

e poser _\/ longitudial

7% quadmupole source

(@) (®) (c)

I II-9. E. Van Wingaarden[15]0] A|QIsF =489 sfAA ndll(a)it &
Ao A AQte sfAA mH(b, o).

I 0-9.()2 S¥UE¥ FeH= E. Van Wingaarden[15]0] #| A3k &7 4
o M EDSs et gake] HA S 918l longitudinal quadrupoles
= 270 Etip)ell FAA FEAF O, F4 S (axis direction)> 27
Wy Gaslrty AASA Y. o]w] 2= longitudinal quadrupole &Y E°] 5
& A71E Zheve 7 Stell 2o A7l Wh(strength)S Ztaiat s FA S
n 22 AAstA T 12 Y longitudinal quadrupole 92 =9 5739 A

gA el et G4 walshs ARAES AAw Q7] W] A S
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4o ARE wdety] A= +de] AR ofYe 5dY HA, S
Tk JAako] tiido] Hojof gt

webA 2 Aol A s Sde] M7 ooldE 5o 9A B s
R Aabetarat sk xR AAstd o, T 7 7HA] SAERES AASHA
o A HA YD E. Van Wingaarden?} FAMSHA v F54S 183}
ol MAFH e Fxsts YRt [9.(b). vttt L3 &9=
sde Aol wAstR o L] A7 ooy, 59 A B =
W REE GAks 9 AR G et

A(r < 0.35m) ——monopole
200 %—l—\l S dipole L
T T longitudinal quadrupole

1508}

=)
=
i)
ks
: I
= B(r=2m)
s |
=B :'
= 100F |
= i
=] |
Z : e ]
50 ———— i ' '
0 1 . 3 ! i

Distance from source (m)
J8 1-10. monopole, dipole, longitudinal quadrupole &2 #zjo] =
=73 Heh 2y ZA o sidEE 9 (r < 0.35 m)et §'de] Huto] AHzjo
e dA(AYY. r > 2 m).

e
ol
o
X
[kl

o
YERATH L, 12].

g AR AAe ZEded AH(TDC, top dead
center) Alo]9] Al dAFE(BDC, bottom dead center)¥}2] Aelol w3 wj-$-



At 2 Aake] AMEE REAMe A zrdY A4 D)9 032D Ao b
Ao sjFEn, z2de 2uy wiygE A A= 0.08 mell A 0.35
m  ApolellA  WsEtA "dk. 29 I-102 &% ¥ El(monopole, dipole,
longitudinal quadrupole) ¥ 2] rol]l w2 9] WstE HF3 Qlth AYY
S 9% A ro] 035 m o] F+1FS = longitudinal quadrupole & <]
A w2 e Wt o F - F(near field) F Gl d|Fetria &
T AT mebA 2 ATt AMSHE P AS FALS Sdel Z=EAY
el TDCell #121& 7 -¢-7F BDCOll 91218 4-¢-Hel o 700 o & A7IE 2=
i B ¢ otk 29 FALAS E 249 3R s ZEHy

LR =
A7 TDC G2 2AAt 9 vh 77129 WEGHo] ol & 5

)

(K

k. webd Fxge S SUoRNE AyHE 2golrE Aw
Zeae d77h TDC 99 AW o i FHom gyHE AEgEy
2g 2 Ha, o o a

c
W
u
0
o,
i)

=1
)
Ay
o
ot
>,
o
1o,
N
N,
A
re
o
de

BPF)S F35 9ol
Fago FUs) TEad 4y 9ol 944 ¥ 148 HSA(stationary

=
point source)® R H¥ 7hsatrial 74 e

%
1%
ol
ol
s
19
2
9

>
>,
ofo
ol
ol

44. 29 ¥ FTF A9 HHFH 2l

zadY HEE Ao A4 REe 42, 4344 EE53 ST AE,
FALSY M A B Fom yed ¢ o Wy stgihage TR
1AW A doge] YAl Hed JHE FESk= dipole FHE UENE S
now, FALSE EE GUd T4 AVIE il ddeA EES=
k2] (ring) Y EfC] longitudinal quadrupole A5HYH StFAS5H FLSH
z2de FHE AHEd ALY FEE FE3SI longitudinal quadrupole
Fejo] A5 7 7HA FEE AAEAT webd 27 O-113% 22 F 7HA
Y vFs A5 BES 52T F 3o, Z17HS PP-model, PR-model =
ol st Aok
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H] 2l

e dipole source

e longitudinal quadrupole source

= e 8 _—
®e. ." \‘ 4
. L) I ® * h
- . y =\ &
o | .
\ J \
‘
. A\ ‘-r' ) |
— ir —
S * - ="
. \ ®
\ )
{ i ) - WY | | e
\ A - \ | Y i
\ i . ®

(a) (b)

Jd I-11. ¥v]55 A&
b

B H(PP-model), (b)

O

|A~SY 2E(PR-model).

)

a
=
B

29| 48 2l (a) ALY PE| RES
129 Fel SEAS AT WAIHE LES

1) PP-model : Z 23] ARl 9xg AU P dipole + A9
& Hl 9] longitudinal quadrupole
2) PR-model : Z23de] Fio] X A5 FEH dipole + WA (ring)

FEl 2 F33F+= longitudinal quadrupole

el ejakg

. o FLo A= PP-model, PR-model®]
g 5 < H7kskA o

ol HleE s HElmAe] A
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5. 2298 H

o

el
Ar

o
ojn

S

o
Ho

Foll M= w

)

Iy II-19 FA 2] 2% (main processing step)°l]

-

R

B A%

N

a4

e

Aetd HFF

47l A

3

B4e 9
9/]

2}

KX
=]

Al

2 d(PP-model,

= X
R —

d ol A

o

)

0

ﬂl

|
o

ik
1

]

<

Tr

=
=

PR-model)

mK

Njo

—_
o

ojn

4

Ho

Folr =ad n

PP-model®} PR-model<-

tHo
Mo

—_
0

7]

a9

PR-model &

21 A (position),
o] =z}

IR Ao H A W], ]
}

A

o
Chn
A

o]
-
Apnr (& @0 — @) &2

1

1oh webA

R4

JER)

ZH(polar angle) (6,7),

5 o] o}
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%173 (phase)©|
2849 dipole?} longitudinal quadrupole2]

(azimuth angle)2}

1

ol
=
Al
17)

)
JO

P
T
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W3F(axis  direction)©]

M-129} %o
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A 7] (strength)



longitudinal quadrupole =¥ £ g o3 ZAAHHAH. EF, 1A
longitudinal quadrupole =¥° =& 3 WA o g A 7—|L(qnm><Aﬂ)

T 3] w59 9 #Aglo]l 3 HA longitudinal quadrupole ]
=9} =1 6;} 0] Aol HA =W, YA longitudinal quadrupole & UE 9
AA ok W= A AAHA dr
y
. A | Polar angle('y)
Source position - bow
z (x= ¥, Z) /f//
e z u H\‘S/ource axis direction
. &y H
Search boundary |.
: Vo
Azimuth angle(@) Fa
VAR .
port stbd
sfern
X
Inversion parameters of n”* source
position Xw Y Tn
axis direction 0V
amp. ratio Amp,; (= Amp,, /Amp,)
phase difference APt (= 0n— 91
J- 1I-12. st

ZA81 EAAL9 24 Tl dipoledt longitudinal
ARRIAHSZYE HAlo tieh &ARRIA = SHA 2 TAIES).

o
Dal

quadrupole?] 4
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XX Ay = o X A= R o om o
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o E T e X IR - . IR G X o ol
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0B E ® mofTwmPrE o omF g
ol Ay oy o ° i X No ™ % o)) 5 T E = = 2
%%OMQ% = ﬂoﬂﬂuzﬂoﬂ%@%aﬂm Mo 3
r - < 0 . -~ % S
Oru AT oT_ OE ,\Ww ‘_Ir,yl ._Iw_ul.._ AE \.._mo T :.L OT yAM ‘.A; o) m;L ! m = X =
yiTrTL @ ITTitEiaiap. i
LEEP5F v DLIITTzErc g Eng
o) K = ~ P B b x
T n T " W B TAFFREIT I LT ae g 5 8
= " T T L I - B 8 o
3.; _X.A ‘7|A Mﬂ mﬁ ﬂ ol OT ,H_t :i . & ‘,an_v” H;ﬂ_ X W/.
= & oo . .S ol o T N " oo o 5 3
o W © T Fo iy Al om o o 2 o 2
WX 2T oo o Bs o B ook oo B o W = o X 5
NGB o o= = e N T 9 % <N oy =) o O
£ o > ﬂ” N o — o) _,ﬁ.o \HA_I | ﬁi oo d_ﬂ ‘ml‘._ o Gt — el
. g RT o N S I el TR PTE 4
x5 ® o 2w S S R 5
e T B D [N = N = g
MP s "N o s N = 00 Gl N do W T X oom EE N )
35 B B T P o o) wr = ) oo I T B oam
BT Lok _m  op P X = N T oD T m OB W E
i S T e R o oy P = o X ) T T OB W T
oo B K] T R o W . o ) =T T R T O on
> g | ~ ) T o %o il # o
~ N 8™ H o oo H 0 mﬁz1w%wfaﬁAaﬂ?ao% = =
N RRR R R F o’ E T

[EIR=T DS
Ul -4 A (interior  problem)$} €] -3 Al (exterior problem) =
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TEET A5 AASAY AEA AAHS T EAdEHo] glo] A%

Q2 Z~(continuous elements)E 2 A & ojoF sk} w3 WH AL A$ 23l

74 AW (bounded  interior  domain)ll  tislte, FEZAY  AHAS &
7 A (unbounded exterior domain)ol] thsle] &S G2 f ofrt i},

T ouE JEUHe AAWE e oR-EAel tiste] sAdd dAEE=
25 AR FH A Al 2. A (indirect boundary method)©] It 3t
849 M FE ®Hes AAWEES tEAEZE AA
et = 2} (pressure jump across the boundary)o|UTh. dwtg oz 74 A Q4
70" (opening)©] A= EH 9 F E+= U574 2 W (unbounded interior / exterior
domain)oll sl A= Hgo] 7hgdt v, AH AA L aH vE] ALEAZEo]
Bo] 8= Tdalo]l ATH28].

2 AT AFHEd ZEEYrr 1

o dAxHd AAW

UJ

339 ol HUEWE dAw

=% o %’4?1’6‘}3 RaL, A3k 3
2ol AArS Qe AH AALANS WHEEAC HEAH

tunnel wall *\ n

Interior domain
v / Ps
r hull surface
hY
Fluid Q
a7 1-13. BEEE Uy gagel.

oo Ao EASHE A Hedw HH AALAwe s

7] %5 T}
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sHEAd ol Ted FAL AT FRE 0o LR A
AgEAolth, FRrgde ] APy SFTA wF AuugAe
olegfel 2o AEE= WA oY

(I-5)

o714 ki I (wavenumber)©] 31, pT S¢S UENH, JWFHy AFARE

Zte B4 JHE 3dddg. dEEAel 3 BA A& %74 2 (boundary

integral equation)< 2 (II-5)¢] AEFE= WAAY H=F C-849 Greenol 23}
o

S agn FHAE WALERAY o tS3 2ol =¥ 4 Ut

ol7|A WEEL 19 O-137 ol S= HYE Wi x¥W A4, ne HY
oA wpgwgo =z el @9 Hd(normal) ®WH, v, =

yebdch 4 (O-6)e] I A 5ol 918 & free field Green’s function® =

obel st o] A ejHrt.
efik’r
QZJ(T): 47TT , (H_7)
ol r& U Pl AYE yekdt. A (I-6)M AF AP)E
collocation point®] <¢]X|o we} Wel= Frgoz PE S84 viA A

&k QA Z(solid angle)= B =W, ofefel zFo] Laplace A2 o] 7]23)¢l
Y, 5 ol83st YEhW FH oz Aste] 7hEd FEHE ¥ 5 Uk

8
cAp)=—- | —ds (I1-8)
e e A o Ad FAE adshy] 98 2" d-13¢14 9

ol AAFEE AAM pob ARty p R ol A4 d 5 9t S A

H
S P obelSh 2ol b4 £ge] GOz vhebdTh
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p=p'+p" (11-9)

olmf JYAut= 47l A AHolH FALSI dtTie
longitudinal ~quadrupole(P,)9] o= HIT F oy 7—}4 2l I-103%

AI-112 depd 5= 9l

—ikr

P, =4,~—[(3~(kr)* +i3kr)cos® u—1-ikr ]

e - (I-10)
e—z’kf

Pi=a; s-(ikr +1)cos u
drr , (IO-11)

A7NA AT AF A, ZH7E dipoled} longitudinal quadrupole o] H A
FHE zZt= 599 AVIE YEiY, 1= 29 9 W #HE agt 9
Wy ppe] ZhLolth, o|uf WY av- ¥ [O-12¢ 9 FHZ4y AH7ZHS
o]-gsto] AxME 4 dow, WY r2 943 AAMY HEES o]t

Ak welA cosve F owlE ] slakata el gejcosu =@ r)/ [affr])o) < s
ArEE Ao A (C25)0l A dARute A BRE AEE2 UAAS

Tk, At poe S EE WA (Sommerfeld radiation  condition)S

1

o

B
.

G YA pE SREAG ta A8sel 42 AW HAFHow
QA pol o Abgtel mel® AA Rl W@ AP EAS g
2ol 7% 5 ot

C(P)p(P)=— / S(ipwvn%ber%)dSer"(P). (II-12)

rr

o
A=)

0.

2 oAFdgAE on AZ® w9

2Agde Agstach

FAA & AR29]% A &3t
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A 7S A 84T A BASE AAAVIHE -
o bk vk A8 SLAA 2o A9 AR d e
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AZSA3 BASge] WA TAHC gon, dumon §YEs)
$4(side lobe)l THel Fekstrim LelA QA AL BT Ll
g @%e A4 wete Fdel dvh oU@ Akdel AdE

MVDR(minimum variance distortionless response) ZZA|A, MUSIC(multiple
signal classification) ZZAA 9} #2 HAHEY Z2AAZE AtE vl low,
o] e A Avi gl A wilel dEul glTh3].

H AFdAE ASSEN HASE FHEE AFH Bk Bartlett
ZRZANE o83l Hag A7 uA FE ZAHIF(EP)E AoEYh
Barllett TEAME AwHom ol oE GPol Hu pud Few
T4 Adv= Aol Aoy, FU(main lobe)o] Fo] Al F(side
lobe)o] o] uEbdtE ©Rlo]l UTH30]. LA SR Bartlett Z =AM = 2

A

= = =
(O-13)3 o] 4" As APt 5458 FAHEPE A5 FHA7 +

A#e Aste Foz HEAth o4 e FRAYAR FaE AE
WE 2 RE 4 ([-14)9 o] AEHT)
=RECR
Esn : (I-13)
C=PPH
, (I-14)
B oATdAE HA5 W Age 98 A A} BA W
FREsL BY we W 09 Fe 2EF A4 (D132 olgste] BAY4E
e 2ol Aeladn
f,0)C(HP. (f,®
(o) s
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O, y, Amp,, A¢ 15 ©l&3ste] A" AAujEdd A el HEASE HHE
gu|st,  Ry=  AALAHES  ol&std  AEdE mWA AlA A Y
EAlSolth YA HeF T ZHZ; Hermitian, transpose 1AHAS o] w] 3k}

N H
O iy
, (II-16)

CHe A (I-16)o=z Ao® T8 (CSDM, cross spectral density
matrix) 2 N A3 snapshot = o] P () Airstd ASSH9
IHA snapshot WIE|E 9w gtt), 2 AFoX+= 5o a34&5 Fola At
e Als Wt did dIdS HAser] fstd AFAZE 50%9]
overlap®. 2 &} 57l ¢] snapshot Ho|EH & AAdste] FRAHAS AT
o

f
=

D-524004 AF3e ulsh o] vTF 289 &9 93} 77
3L O o] O
O O =

agde] gom AAgstgth mekd N SR A W
A (M-17)3 2ol AW g9le] 19 el g

Lo

N, N,
S=3 4¢P 5(F )= 4" Z% DS (E T
#=1 s=1 , (H _17)

olwl 49 ¢ = ZH7t sWAl g9 A7 94e Yehe, ST g

St+= &} Dirac delta $F5°]t}.

74 i]ft] Hermitian 4HAHE 2E
)

o AAgAA AekA

A—% gold & ek wekA

7] el A WA &4

12, 91342 022

o o
4 (-15)2 A998 553 5e

ol FHE sta g7l wWitel, ASSd BAsEe] e By AT
0~ 19 gs 2 A4 A= 54355 7P @A ves A =%
gropli= Aol ofate] HHfeler & 4t
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gltk. ol=d 24 s
3} 7] (global optimization technique)©] AWHH O
A (SA: simulated annealing) 7|%H[17, 33, 34]%
generic algorithm) 7|¥Fe] 7|® Eo] #-&¥ v} Stk

= A= FgEAE 71 SAsk A H A3
downhill-simplex 7] o] Z3%¥ ASSA(adaptive simplex simulated annealing)[31]
7ol AEsgden, g 7 o AFert EAsts v AR Gkl

o
adgoz WHor 3FW

A9 &l(local minima)E 7}
&

12 rlo
N

4N o 2 o §2
fr

o

ol

71l

vl Qlth3, 35, 36]. ASSA L1 ES SAY
Metropolis criterion¥} cooling temperature® | %™ Z}z} 2 (I-18, 19)%}
Fdgsy
P(AE)=exp(-AE/T
(AE) = exp( ) (I-18)
T, =p'T,, (T-19)
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o] 7] 4] P+= acceptance probability, 7+ =2 2% s|dsty 2 (I-19)
osll ztzhe] WHbEE= ALbeitk poll ols FHAsteE A JAAelw. T
. 5 annealing schedule> A|ZF2%(T)), == 42E(0),

ot &
TE TAET A% SA 7ol AdsmiE o]go]
)

o

i A 4A3% annealing schedule®] ZAo] HQsit} & Ao 7ME v

EA%E ZEE 5 annealing scheduleo] ZAESlom, HAsE oA 2l
g Ao FHEE /A EAS AT HlEE ASd BEo Ag ke
TE A9 9rH3]1e ASEG o #e 9ARIAE Za ers, 2k
Ta&ES 0995914 0999% wWAS ] HT AA3 2=V WAHEE
stglom, Bt E&Aor A EFH olgS s 229 A WA}

I Howg

S/HAAT. AdE 25704 GAVE TE5E FdE =9 v F98ds
A<3st7] 9131 quenching #g¢] A& ¥t quenching HolA= AAHEH
HAHs AV FREHE, 24" VEd ¢ w 7bA] downhill simplex
darg]Fo] AEHo Jadn ddqH s HIssA "ok
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oz FX4E 4 9tk Monopole, dipole, longitudinal quadrupole
[e]
=

SAE SHLE r = 12 7Fo® ZHA (1) 97 AAF (>1)
godoz FRI £ 9t B AFga] Aate AlgwE FI4E= | BPFE
DA 7] wze 29 O-102 5YL3s Al719 monopole, dipole, longitudinal

quadrupole®] =743 Ag roll wWE St A7Ie] WItE Hlwste] UERH
g ootk 99 AE r©] 035 m Rl 22 Gdoz HA Aol vigH
sFAAet ZRAY g Qg AgdHe A dFete dGelH, dipolet
longitudinal quadrupole®] Agleo] WE FHA7|7F FAH3] GolA= A&
gelg 4 Stk wkE, 99 B o]l 2 m BHuh & dow Bdd 93
WRALE St AR el ddo o] FHolA = Sk A7ITH
ARESHA 7o wlEste] ZastE AS el 4 91o™, monopole .U} U
u H24s Uede AS A F Ao meEbd E dgeA =
= FAH LSS z}yz} dipole 2} longitudinal quadrupole =

2 =ZEdY A AAek HEwE  Eddsteln

0.3

1 revolution

(0.029 sec.) 1 BPF

0.2

7
i
2
2.0
a’f
;

< 1.81 1.B2 1.83 184

0.1

Pressure (kPa)
Magnitude (kPa)

M,J«J..@.|l s

0 1 2 3 4 5 6 0 1 2 3 4
Time (sec.) Blade Passage Frequency

A
ri

13 [-15. (a) 228 vjg5 dZA sTAM ASE AAIE A=, (b) Al

K
fru
)
@&
ox
4
=
o
i)
i
o
o
2,

= 7 MMM AZSH
- A 259t Fug ~2HEHS YUY AAE AEE
AMED FI4 4800 HzE ASHJW. 29 O-15.(a)lA i€

Zz2d#7 1M 3 AH3 = FoH= 0.029 sec) 670 I A7F YER}E

o

o rlo & off

6

T B o
Wl ot
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wojFu, o= el die) ek AAFS & = ik o= Ad Fis
2~HEYL I EHF3FBPF = ps x E/5)dl dGE= T35 280.6 Hz
Aol AmA oz Yeuts AS g9 @ ¢ dow, o] Fug A2 oF
NBE £g wde oA BEE A 4TY bl HgHArh
# I-1. Al sidoA AlEd 1 BPFOJA Y =9
A= 9 9
Channel Magnitude (kPa) Phase (degree)

1 0.138 -68.95

2 0.189 -38.22

3 0.203 10.87

4 0.156 35.95

5 0.097 70.51

6 0.248 8.65

7 0.108 -10.34

FOI-12 AA wj@ellA AlSE IBPF oA ¢ee] 1% 5l 9is

Uetdith, 35 2o d5B1ste g2, s Ao BF 23 ol
nF zegEe BAEA @ Be o, TE 4% A4¢ 2
AAZEe] 914 Apol= 107 ol Wi[3]= b=t ®bel, Hles e B9 2
AAzke] e akel7h oF 307~ 37° 2 vl A YEhvs 548 aEd ¢
At

47 A steiaed FALSol 727t dipole?}t longitudinal quadrupole®]
+do 2Fow wdd 2 F dsS Hilen, 474 BE FHTE e F
2del

PP-model¥} PR-modelS A|A|sFA . &4 <9



g5 g diAs Rds 3] flste] 2z} mdeo] oy xFs o] §5ho
Qs FdetFen, 1 A= E 29 #Zth Dipole?} longitudinal
quadrupole .7 Z=H 2| Aol Qoo 9o FxH 5o dHE 2=
P-1~4 model®] 7% “1 quadrupole + 2 dipole” %3S %= PP-2 model®] 7}
e RS o643 x 10%% HOAvh @, WA el £ 9 longitudinal
quadrupole =9 X38sl= PR-1~4 model®] 745 7/ 1 1719

longitudinal quadrupole <9< Zi=  “Quadrupole ring(1 for each blade) +
2dipole” Z3%te] PR-1 Edo] 7} W& EAEL gk 354 x 107 Bt
webA Aol A= P, PR-model®] vhgd = shedl 4z b wEE
L4845 zH= PP-2 model?} PR-1 model®] S2tA¥E wjal #4]sho] 7134
AAlstarzr skitk E I-32 PP-2

e wFE L9 ANE mue
model 3} PR-1 model®] €2tel7h &AW 9ot G Ang wolF

Number of Value of objective

Case Source combinations ;m::; function (E)
PP-1 1 quadrupole + 1 dipole 12 227 x 107
PP-2 1 quadrupole + 2 dipole 19 6.43 x 10™
PP-3 2 quadrupole + 1 dipole 19 2.66 x 107
PP-4 2 quadrupole + 2 dipole 26 6.05 x 107
PRI Quadnpole ring(l for cach blade) + dipole 19 354 X 10°
PR-2 Quadrupole ring(2 for each blade) + 2dipole 19 1.07 x 107
PR-3  Quadrupole ring(3 for each blade) + 2dipole 19 1.47 x 102
PR-4  Quadrupole ring(6 for each blade) + 2dipole 19 8.05 x 107
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B II-3. "single quadrupole + double dipoles" =& (PP-2)3} "quadrupole ring (1
for each blade) + double dipoles" Z=(PR-1)0] HARIA} EAHHO] Ol AL Aq}

Single quadrupole Quadrupole ring (1 for each blade)
+ double dipoles (PP - 2) + double dipoles (PR - 1)
Inversion parameter Search bound Tnversion| Inversion Search bound Inversion
result parameter result
x; (m) [-0.035 ~ 0.035] 0.017 x; (m) [-0.035 ~ 0.035] 0.011
y; (m) [0.000 ~ 0.125] 0.111 Ist y; (m) [0.000 ~ 0.125] 0.070
quadru- quadru-
z; (m) [-0.125 ~ 0.125] -0.007 z; (m) [-0.125 ~ 0.125] 0.075
pole pole of
0, (rad) [-mn/2 ~ =w/2] 1.266 ring 6, (rad) [-m/2 ~ =/2] 0.878
yy (rad) [0.0 ~ =w] 2366 yi (rad) [0.0 ~ =] 1474
x; (m) [-0.035 ~ 0.035] 0.003 x; (m) [-0.035 ~ 0.035] 0.024
v (m) [0.0 ~ 0.125] 0.106 y2 (m) [0.000 ~ 0.125] 0.092
z; (m) [-0.125 ~ 0.125] -0.016 z; (m) [-0.125 ~ 0.125] 0.011
dipole dipole
; 0, (rad) [-mn/2 ~ w/2] -0912 ; 6, (rad) [-n/2 ~ =/2] 0.871
v (rad) [0.0 ~ m] 1.618 y (rad) [0.0 ~ =] 1.691
Ampz;  [0.1 ~ 100.0] 55.073 Ampy; [0.1 ~ 100.0] 24.553
A@y (rad)[ -mn ~ =n] -1.813 A@Qy (rad)[ -n ~ =w] -1.491
x3 (m) [-0.035 ~ 0.035] 0.005 x3 (m) [-0.035 ~ 0.035] -0.006
y3 (m) [0.000 ~ 0.125] 0.070 y3 (m) [0.000 ~ 0.125] 0.072
zz (m) [-0.125 ~ 0.125] 0.052 zz (m) [-0.125 ~ 0.125] -0.013
dipole dipole
5 0; (rad) [-m/2 ~ =w/2] -0.848 5 0; (rad) [-m/2 ~ =/2] 0.601
ys(rad) [0.0 ~ m] 1.800 ys (rad) [0.0 ~ mw] 1493
Amps;  [0.1 ~ 100.0] 71.677 Amps;  [0.1 ~ 100.0] 50.715
A@y (rad)[ -t~ =wm] 1.290 Ay (rad)[ -n ~ =wn] 0934
E : 643 x 10" E : 354 x 107
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) A7l(a) D HAHb) Bl

a9 T-16 AAufdels AlS5HE =733 PP-2, PR-1 model® H4H2 ¥}
AEE S A7l B2 A S vagt A3E HoeErh Ao S
e AAA 9SS Heed @3 A Adde] Aols:  E=AESH
PP2RHe] Af REE AACA ASFSHH} A ATt AN @s
Ho]FEa 9oy, PR-IEESY A 1, 2, 3 AAA A=SA3 A7) 9
27 vERY AL 9lo] P-1Rdoe] A5 B fARGE AdE Holw, o=
At gs A= g9 5 Qv

-4.2, 4. Ajtet SHRd HFS 98] PP-2, PR-1 model

°of s ZEde e ¥ O-17% Zo
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Mol FHaksol HATHE T 0.70R-085R A [39] AL
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¢l 0.90R ZA[l6]e] Xt At 59 27> =2 IHH

A YEgE Aoz ZzdA#s TDCE A et ¥ 2 2H(359) 7
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O 11-22. PP-2 model?] AAr2A3 =&5 (a) dipoled} (b) longitudinal
quadrupole?] o] A7 Bx U o]S9] (o) +AH 7|42 Yo Bx.

3E -39 PP-2 models TAstE SdE9 A7l vlE BA =W, dipole
=92 AM717F longitudinal quadrupole &< Al7|Ht} 55 ~ 728 ] & AS
GA% ¢ Ao HEALH FALES A%l A NBE 28 g
NAEE  FAs7] sl PP2 modele] GAANE o]&3ke]  dipole?t
longitudinal quadrupole®] St=l A7l F3xzef ol&9 4 7|x9 3o FEE
a9 o220 YetidS stsaEe A9 FALSol H& Hud §@e

of = Zwel otel Exsl gehlil: AL 18 [M-22(), (0 S
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1. Measurement of incipient ‘ 3. Generation of
cavitation noise . replica pressure fields

‘7"'. .

—

Obtain replica
pressure data at
sensor array

R(f)=[RuR, R,
R(f) =

P(=[B.A-BT [ K
e AN A

Loop process R’ :Fﬁe " R Y=
Pfi)="— (eptimization algorithm)
2. Determination of target | 4. Correlating similarity btw.
frequencies measured and simulated replica
pressure fields
N; '

£ g=1- 1 vR (fp‘D)C(l})I:(f-.,-CD) E(®)e[01]
Target freq.(kHz) Ny = HR(fis @)

=13, 5, ..., 9, 11]

_ 1 RER(5)
NiE e

C(t)
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a2t BASE A4 AgEs} agdoltt ditHon SAY mdzA e
eAMe 278 Y s ARt FE& IFHR AE Bl
Ageirian gl QUrh(s4]. weld mFoie] B ANEE o]&F Az
bl sgehs B APAE SAWS  Agstd BALFES
AAFGon, ARANE o] 43 Hol® 9% FHo FRF Ans AL
4 itk Zgeic

Case 1 : direct path only(P 4.,
Case 2 : direct path + I* reflected paths(P ;.. +P,.r)

hydrophone 3
P"ef- Przf.?
Vf_]_,, direct ¥() .
0_’_’_'_'__ __________ PRSI, st st A= T ____________#_______:::::::.0
image source 1 g ; image source 2
o Prefj ; I
= !
%
- H Side wall(acrylic)
r3i p, =1150kg / o’
Bottom(steel) C,=2370m/s
P, = T900kg / m’
C, =6000m /s 0 image source 3

a3 -9, Uil B UolAe] Algutel yiatn,

5yagel FARE Aueld Bae 4 e # - §
o}2d m: rel 2o Adz ol o] wavel oF B
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o2 sl ARA el AMAY Aclsh AnHez B + 3l
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4% AFJARe] Al7= A HA wbAfgRe] Aol 208 oY e

A=k Al = e 4
(IM-1)2 #Zo] @3¢k monopole WO ZHE S SFo =2 ALE = Stk
A —ikr
Rotal = Bﬁrect = 4 ’
an , (T-1)

A7NA re= o9 AA Y AgolH, A= HAT FH
Al 7] o] o,

A WA HiALg7EA] 31 7 f-(case 2) HEARAIS] A Ho] wE
HEALA 5= (reflection  coefficient)2} HHALZ QA3 SAeo] HAEHZE 1183
Folof gty RPZ = AP AF FFAATE dAstFol vl HE7
el 29 M99l A et zEol - HHI off mittol] ok Al A
WAlsE SR aEls] Folof gtk whepA] AlAjol Ao EASFS 2
(IM-2)9F 2ol AR Ast S Al /Y WAg R Q1% 549 Fo=

xSk

i

o
2= 59y

P

total

=P, +P, . +P

direct ref . 1 ref.2

| R R, R, _;
— A —e ikry + ™M e ikn + i e ikr, + 3 e ikry
Iy 7 r r

3 , (I-2)
mcos 6, —nJ s1n 0

+P

ref'.3

mcos b, +n\/1 sm 9 ’ (T-3)
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pw 5 ([H_4)
67



(I-5)
HEAL 7 54

2 A
2

= —

QA2 o v 2o WE oA
Al ©

of Algkel @& Alzto]l g AvH2, 3].

LN

I

sk 4 (M-3)°] #7

o

Q

°o]-§
5t7]

°©

=

=

A%z olarsl shgom, HAgHS
of o

ST
=

] S
=

A
2

3l

A

&

ATNA ry, 1y 1 Zh2E W whebwe] wiAbsh A zoln], ol
H

M-4)sh &% (4 M-5)

ul¥ KH

BHaS ok 7,00070 9]

)

!
zﬁ
e

B
o

A

-4 7]

&t

o

=

Al

X

Fopeld]  H

o] gl

AL Z7F 7}

)
—_
o

IH

i
—_

o
ojn

ol
He

o
T

]
ZIMo 2, 1980 d ] FWHEE 2000t W] SFoll A

A

219] %)

2

[e)
o

AZF Aokar e A

A7 H] El o] A 9]
68

=

H] 4 (incoherent  method)Z} /¥ (coherent

1 tH30].

w} 2}

method) .= -



NOTE[55], ¥ AFelAE v Fdd AFY A2 H(incoherent
broadband matched field processing method)S %483}

Mg s AeEe ATY Z2AAME Batlet ZEAIAR
ASA s Wy el B4 WEzke] YA Jejz FAEY, & dTdAE
345 FFe] H|ArT B f(incoherent average)S FHole HEE Ao}
TH54]. Bartlett Z2AME dubx oz o] o3k giFo] H i 3hekdt
= T ks Fxe] o, F(main lobe)o] Fo] WAl F-{i(side
lobe)o] @Wo] vElHTHE T o] ATH30, 55]. AWFH O 2 Bartlett EZZAM|A =
ool 2 (I-13), (I-14)3 o] F=AE A5 wWE(P)s}t 2434 HE(R)Z
A AHAZ F Aus FAshe FHE AEdT Fde ZE A= 7

Fago el T RAAM F=Z  Zho 3 uAY GHe His gz 2
(M-6)% o] Aod = gtk olml Ni= gate] ALgE Fael 52
ol v gt

j pw(f)

e Nf; o (I-6)

1 &R, O)CE)R(E, D
> (f, @)

o=l

2] (IM-7)2 monopole= AoH SHEL QXA O = [x, vy, z]& 21
kil glom, Oo(f,)E A (II-8)3 o] AogH WA Futse e B73std
&= 4Fel) d(normalized Cross spectral density matrix, CSDM)©]| T}

S N YPE(f

&) - L EROR'®)

NE | 1

(II-8)

A7|A P> T3 follA ASAE ] A snapshot ®E &, L2 snapshot®]
TE YErdth
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Bartlett Z2AA 9 ©@d& HAst ATS FHA77] A& S
Felel Ag ZzAAZ ANR vk Jompo), 1 F FEL AN vl
A71E FAAA FA U] A& 45 (peak-to-sidelobe levels)= F A o2

G = HAEA  ZZAA(MVDR, Minimum variance  distortionless
response)’F A|QFHHE H} T},

MVDR Z2ZAAE 2 [-12014 A" &8 golA F4S& A
2o AVE AFsr] Y TEAFE Co TFHE wywE
Hrt oluf 7tE WEE A (M-9HE BoHE Fe HAsE A7|=5 d9HA
o

MV MV MV , ( M- 9)

2 (MM-9)e] A WA 2 AMAujde] Hit A+ =2 (mean square output)=
UEtdH, F WA &2 o5 Frol 1°] HES Ha¥sF < (Lagrangian
multiplier) & ©°l&3&to] Uetdl AfxAS oudin. dads sFHl
wet s pol distel #wnEs FHAskd A (I0-10), (M-11)¢] HAE

= =] I~
T3 4k

Wy =L C7'R wi = 2 (¢Ry"
2 or , (II-10)
y=—2(wiC'R)™

, (II-11)
A (M-107 (M-1D)& A2yl MVDR Z2AMAe] 7gie s 4
(M-12)¢} o] Ao 5 glrt.

" RECTR , (I-12)

A7 7S HEH wawve ASAEE AEHE SR EI AA007] wiEd
MVDR Z2AME 23 Z2AAe o 2 ([-12)914 Aod 798 E
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1 & RE(E, ©)C(E)'R(E,. @
1 (R OCH) ' RE.©)

N

E(@)=1- ;
= |R(f,. @)
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2 AFAE A (M-NHE AYHe B335 HAS7IHed 48319
BHETE M =S 99 AAE =EFE o, g Aol gk 23
% 9 (ambiguity  surface)S  Bartlett, MVDR  ZZAAE o] &35}
ZAlEEA . A 7S DA Rles SdRde] tFdx it
Z-8% ASSA 1] A& H Ut
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— . : .
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© Multi-freq.
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43 SV FF HE
a9 I-14, 159014 A JAMRES aHskE A F(case D)9} A WA
WAL S Z3bele A (case 2)9] R WS HlastH, ofghe] M-S
AefstH AwbAg o2 w9 fAbg HES FHT S vk 5 OHASE
BEA Aanks et S99 AAE T2 FAHAY F Aes & F
AT
2l (MM-7)s /438t Bartlett ZEAA = AS3 SFOZHE AEHE
FEAYH(CSDM) (2 M-8, C6)7} B4 &F #El R FAEE v ws=
TZE Zta k. olwl CSDM> AA mAdlA AZE AZSF WE po
WHoz AEEHE mx om PR 2 M-8l A9t o] AF3t 3A4S A
HeR, 7 AN wdzte] FFaT A7Iveh Aol ARE zta
Ark weEbA wRAbgte] g S wlusty] flste] ASE ASEFEH AER
CSDMyeasurea®t A1 7HEEH 9] Aol S9ES w3 7k AA oA HEAZT
HE S &3 3 case 1, 20 dlFate FEAFE CSDMyies, CSDMiirects1st
reflection’s 21 2F AFESEATE o] ASH A5l CSDM¥ case 1, 29 3|33t
EASFoz AHdE CSDM T ke zols X 3glsly] st A7
Yo FE A, BE 24 MM-167 o] ALkt & 5 3JH 9 Frobenius norm(2]
M-17)& Faeo] st 28 M-163 2o] =A%
A=CSDM_,_ -CSDM,__ .
B=CSDM,, . .. i~ CSDM, s | (16
2 2
Al vs. Bl .
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zbolE dUEtlE dE AS A5 A AR vALgbA] are ko] AlLkg
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1#HE AFolE AFINE o]l&ste HASTHEES AT A} FARE
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m-1. 2gM-1 A

=7

odk
o2
M=)

AR o W FpulEol A4

L = RIS -1 - v O-
Test  Cavitation s\giceir Propeller prersl;]:lrizelbar Incepted blade indices
Cond. number, o, (m/s) RPM / RPS (10° Pa) (Visually observed)
1 7.2 1.5 No cavity
2 52 1.1 A
5 1750 / 29.2
3 4.3 0.9 A6 = 20°), C
A(developed),
4 33 0.7 ( ped)
B, C(0 = 180°)
+0
stbd side Port side
A
D B
G

< Looking downstream>

Qe e

Test cond. 1 Test cond. 2

Test cond. 3 Test cond. 4

2 M-18. Test Cond. 1 ~ 404 A]|ZtA o2 Iztg
FHulglo]d A4t

82



A 47)(Test Cond.l ~ 4)7} A=Y ow, 74719

A9 s Gst= &-5(0,, cavitation number)T 2

P-p,

R
0.5pn°D ’ (IL-18)

o

W ne Zzdefe] 29 3 dFaps), DE Z2Ae) ] A (m), pi= 2
4¥, PE E =

E
pressure) S LFEFNITE

1nPa)

dB/Hz (dB ref.

Frequency, [Hz]

(b) RegiOII A Region B

Motor driving noise !

T3 M-19. BE4 W] T A% £90] BYAMEN Ys(RYH-1),
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% MM-182 AlAHom #EE JfnlEH ol FHE yEhdH, oW o=
Aol Ydgoz o & Akgbd w7t 9
Aolo Gt ZAwolth. 19 M-19% Test cond.l ~ 40 3jFat=
A5 FAHEHUEE  Yedt. Fig il 16 HzE
8319 2 Hanning = 483t 75 % overlapping®. 2 637 2] snapshotll
5l ensemble averageE F3to] A4S T
Test Cond.1S H]&% A3o]om, Test Cond20lAE A E7heolA
Dle BEx FfnjElo]de] tEHow WA oy, 1% IM-199 T
A EY Hee HgEo A4S var] & Wy A ekt
Test cond.39Al= A, C E7lolA 7in|eo]Ho] Aoz wAPst o,
g FYAHdE"] UWEE 3 ~ 4 kHz 9 %(region A)Y 40 ~ 50 kHz
d 9 (region B)lA F=e1xl Wyt YERA AT Test Condd4olAE= A, C
Gl A ] FjuH o] AL iy ] Al Fete] $RECR st YA E S
Hol7] NFg o, i ~HANEY W= Test Cond. 3149 f-AFSE o o o] A
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L = A 10 =i = e A = o1 e R = S o 3= = , ColAur 7t¥z o=
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ol g3t L] HAAE FATLA A
5 dB o9 SNR& Hol= dHom AAsilor
% M-19914]  region A(3 ~ 4 kHz)®} region B(40 ~ 50 kHz) + <9

-
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BB GBS Fus G BAFEIE ggon HAR i
s AR 2=z S z2d8 9] 13] 3 HA7H0.034%)0.%
Aarstetdct. &, ZEAY 13 IdA G e 58T AXE AU
"o & 5 Atk
A
D B
(a) c (b)
1 revolution time
(0.034 sec)
ABCD Cond.1 ABCD
E" i (1.5 bar) i i
™ ! : ! 1 No- | i i ' '
1 2 3 4 cavity i 2 3 4
Normalized time, (time Xrps) Normalized time, (time Xrps)
4B CD i i i Cond. 2 (1.1 bar) i A B CD
i + + Blade A + : - -+~
1 1 1 incept | | | |
I 2 3 4 | 1 2 3 4
ABCD ; ; Cond. 3 (0.9 bar) ‘ ABCD | !
e S S e —
[ ! incept : ‘ |
1 2 3 4 =it 2 3 4
4 B CD | ‘ Cond.4 (0.7 bar) | 4 BCD | i
ﬁ_ﬂ’._*_ » ‘ . ' a l F
' | ! ! Blade A, B, C & |
| | | : incept '
1 2 3 4 1 2 3 4

33 M-20. Test Cond.1 ~ 4 Al$0] t}j3t A&

W FHulEo]d EAY mHE.

7Rl el o] A o]
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A3}

kR

Eis
3

5
H

ok

o,

w3

o]A o]
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NAD 2ol WEo] pREA @yrh ol 54 AAH F Ty
deold FEHoR Uehbn gow, o|F B3 AgE T Fis Jodd
Az7E AnlEe]d oz VQlFgE AMdS 52 & otk wEkA
Ao A= [3.0 3.4 3.9 400 41.0 41.8 44.0 462 47 48 49 kHz] 1070<]
Fore g 9% pAFRsR Agsdn
53 AXFH 23
(a) (b)
Localization result Ambiguity surface (ar x=0.02m)
Rear view  Side view Mulii freq. .
| — AL <
0.1 T TR 0.1 4- / N -'m \\ 3
- f'f \' % E- \ | -4
o8 : e M)

-0.1 |
Bow | |Stern
-0.05 0 005

X (m)

3.4 kH?

a9 M-21.()E #AAFI5¢ 107
FHI SHOA HFa glth A5
86

2 olgnd ud a9
& ZEAY A oFLE stern



) -

917 o}

27w E] o] AL o]

=

M-21.(b)

a1

o
X
oF

aYE

HFAAA

4]
5450 A

3l

D

AF3H

o
N

MI-1501 A ¢}

a9

15

o

o

A

-
s

1A A AR

Ok F]
27 o

5

12 71 &

e

o

o] THE FRl

=
=

Joll “FER peak

0

=

e

& A

KeR
=1

R

i

aLe
B i ol A 9

el

H

=
=

22127

o= 2dy 2t

H A

3|
pud

s
2

w314

Atk E

PN
T

i3
=

2}

o]

]

29

0

A

o

—_—

0
o

A

jns

0.30,

x (m)

-0.05

0.15)

y (m)

5

-0.1

0.15
-0.15

z (m)

Num. of perturbation

A

Iy M-22. &

0
o

ol

87



6. EFAXA-II A48 A¥

RHPHE o]&3le] 2x ZAAEIH oA A A S AAFFE EA
AgstAct EA7E 4749 ZeAer FFE R EAS olgsidoen, F
67012 B&KS8103 AAE Zadz] Ad AAo] 1d

ol YA HEel f4L 4 msz fAAC
%z 45 Ak

B & K 8103 (6 ch.)

> High speed camera
st ;__ (250 fames / 1 sec.)

-0.10

-0.05 O (11

port sthd

0.05 é
0‘10 0 stern
0.10 0.05 0 -0.05-0.10
z (m)
O M-23. DFA-1T AY 73 2 MAEjx].
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O M-24. 2PA-19 AadxZ(Test Cond.2 ~ 4)of] w2 =AY 7Hu]g|o]d FA4

((a) Test Cond.2,

b) Test Cond.3, (¢) Test Cond.4).

# -2, 2P4d-1 20 R Aoz W JHv[E 0l FA
T 1
Test Cavitation ater Propeller Hnne Incepted blade indices
Cond. number, ¢ pee RPM / RPS pressure, bar (Visually observed)
’ > (mfs) (10° Pa)
1 7.75 1.20 No cavity
2 4.78 0.75 No cavity (a)
4 1390 / 23.2
3 4.12 0.65 Int. (b)
4 3.46 0.55 A(B = 60°) (c)
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e 3 AFE 1390 ipmleE LAAIZI T HIWe] ¢
G MAME] gstske]l AMAs HE
T34 256 kHzZ F 102 &% 4 = '

FoA B A 0.2 bar HASE HEY 4HES

o)
H
Fiujgle] o] 7)o AAEE wAE XFsEd ool UATh

7h el o] 4

A 9]
Fgalgon, £ 32 5 2L AU

Cond. 1
—
QE_ ——Cond. 2
= —Cond. 3 H
Il —— Cond. 4
20 ~ 100 kHz|

dB/Hz (dB ref.

10° 10’ 10° 10°
Frequency, [Hz]

-

[M-24, M-25¢F 7T}, Test Cond.1< H]

H=H A ZAUT} Test Cond2E FOtO ==
%k

ARzAE 3 M2 Zow, AdFx7e we& AN H A A
247b 19

is

7 1] A RE A= GeAvkaE I-24.(a), 19 10259
HBArAE- $2Fo] 2 ~ 4 kHz ddolA ¢k 10 dB, 20 ~ 100 kHz
g 2k 2 ~ 3 dB7} 7182 old 4 T} Test Cond.39] A% 19



M-24.(b)s}  #Zo] wl$ pdxo=m x=z#Ag] TDC HoA] HE~
o] do] WAst= Zlo] #FEHIJoH, Y FYAHAEY

kHz, 20 ~ 100 kHz 3 9l4 10 dB °]% F7she & = Qrh oy
el gl i e ARE AR 2

Azt g5l ErARA R AAEHAew  HEZ FfujE o] Aol
solAA G v &A AAEJAGIE R A= AEFS BATh Test
Cond4¥ 19 M-24.(c-1, ¢2)9F ol F 74A Fejo] shnjg o] Aol
dFHAoH, A Fug FolA HaHAER DTt Frbedh A W
FE|(I-24.(c-1)) = E7HA7F TDC HS Az uvich A= Z2A 59
Fele] REx Augoeldor ZzdAelrt TDCHYA M =P w <A
gool A AFEle $dom  wgdd & AdWERHY.  E ot
FE(M-24.(c-1)= A= A% =  Test Cond39 & FHH

7hul ] o] A o] 2.

62 AANFAL A% B T4 UG 44

A1 = €8 Test Cond2 ~ 3 EF YHAE gz REA
iuleEloldo]  WaE7] ol EA o R Fju|Ho|Hdo] AAPE we
FdEolrr RE Agd d& BAAAE FASA etk MY H
REYEA-19 AAFA A3 153 Ase] 45 AAFA Edlso] =
A3dE gRlgernw, RYPHM-T AF AvjdHeldo] o] uwet
FAAoR SYadHdEYYUREY] FUHE HOE 20 ~ 70 kHz Jow
AR e, 70 kHz o2 A7|Fger FAHE Fdd FeAlzsol
A ske] wi A &k

ARE Fuae doo] AREHlclAeRRE  TEE AgSAE
g7l skl RFM-TolA et o] Test Condl ~ 4o AAL Az
s dHE AEAA T ¥t e Aso wWsts 19 M-263%
Zol #FATY. dAdFH Fug G99 WAFIF J9oewm HAA
ForE d9s dAAFsAd. agEe FE5e Z=IHY 13



zzAay 13 3| AA G 4=

A
D B
1 revolution time C
(0.043 sec)
Cond.1 (1.20 bar) &
No-cavity % W
1 2 3 4 5
Cond. 2 (0.75 bar) | v
No-cavity gl
1 2 3 4 5
Cond. 3 (0.65bar) | | | g g i
Intermittently : ; =
generated 1
1 2
Cond.4 (0.55 bar) Yn v :*;
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1 2

&S o B
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[0 et
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= oAZEEs] oldel WAsE W Ao
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AFERAl = AlEjHol Ao 2 RE  V]QstE & H. wt
Zzdele] 3d F7Ie BAglel EarF Aol Ao R yEua U
“ el

WAL ok mEkA A AP E s AP Fu4 99 20 kHz ~ 70
kHz 99 S olg 4= AT

PN
T
o] As5o] AuEHol Moz g 15 &
FA-mel A9 A4R FAs A9elA 1 kbz 3
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348 B ANFAL AEtY

M-37e] x4 dAx5 A&sto] HAs 7|H Aoz 599 A=
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Optimization
results
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19 MM-28.(a)v Test Cond.1 ~ 4° w3t FJhg AFTY 4 43 A=+
4 AAEA el AHDshe yz, xy BHOA S RIFWS yEdt
Zzede F9o 99L& HMAsY 7R, AR 2 mm HFoR AAES
Lrelon, BartlettTJr MVDR  Z2AME  o]&ste] 2z} Az Aol A 2]
FHEE AET 5 HUgor Arstd %S dB @Y= =ASSH o))
wagwdAe] 93 ANe T FudAe] Tzadele 4w, W A4S
yUebdch 29 M-28.(b)= 2t ZolA #Fodd A 7jvlH o] o]uA &
wolFa glvh

(a) Localization results & Ambiguity surfaces (b) High-speed camera images

Front view Side view pf gl ller

Test Cond.1

Test Cond.3 Test Cond.2

Test Cond.4

O 1-28. (a) &

Test Cond.12
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o)
AA
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, 2p dr(h',7") o . , @ cospt o |1

51y = T T 7 — 7 7 —d y B-2

poler) 4t dh V| sinp ox * r o R s (B-26)
2 (B-26)0l wEw, de] FAZ A3k b A2 nose-tail line(h)oll Y3
=& Zk= dipoled] wEE AME & Jdom, oldf dipole HUES AVIE

o]

20V )dr/dn' 0% YEFE S gtk olw) r= e Hwke] FAE yehuiv,

dr/dh' = | wE Eel 5 WstE dehdied, darzel Z =y
gl 749 gl FAE U (leading edge)oll Al Sl (trailing edge)= 7 A
S7betthrt taste AES Bt wepA Gl SUE VIR AR

= dipoled] X2 49 = AUt
Ay 289 4% compact source® 3|AE
& Zke dipole®] AE3FES longitudinal
W, R Ao ZgAeel FARE 23
2S5 Y B99F o] A nose-tail line(h)¥ HPI =S 7t

longitudinal quadrupole® X @& 3} T}

rr

143

-";rxﬂ-! _k::l 1



Longitudinal guadrupole

O B-9. 2y I/ HHO nose-tail line(h')4o] Z2Zdt=
longitudinal quadrupole2 EJE = TH A S0 Ofst TAIE,
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lim [ (V- vo+Re)dv=—Ilim [ (6(Q—P)dV=—1 (C-5)
e—0Y 0 0 0 ’

€

A7IA e—0dw dVEo] pHETE o w2/ 002 SR wFel 2(C-5)<]
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i (volume integral)?] & WA o thdk 2 it(surface integral)® &= YERHTA 2
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# C-1. Boundary Conditions for Helmholtz Equation.

. General
Boundgry Physical Quantity Mathematlcal expression using
Condition Relation
Eq. (C-7)
b,
Dirichlet Sound pressure (p,) pP=p, P e
a=1, /=0
Y—op
. op . v, = ’
Neumann Normal velocity (v,,) o = e, B
n
a=0, g=1
Acoustic impedance ap 1 L__ ﬁ—i— - ,
. = wo— 0 o o
Robin (Z) an wwp Z p n
—— 17 f}/ g 0
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° }

o] Green2] 2%} 5 *]2](Green’s

second identity)= p<} ool A &&of str}, 4 duts] o A Q= EolH
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Green®| 27 FA4E Agstel AM dFd AR WA
Aron WEsW 4 C8)F 2 AL AL £ Ak

N
/V— Ve<wv P pv d})d V_ /S+ Sé(w on p on d’g’ (C-9)
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AW, ol Heln P BuAEAA AGHRA AL 4 Ce ol
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V= —kp 183 VA= g BAE 4& 912111, 2 (C-9)4 |
e 02 wHaA A 28% T ¥
Qo Gt 4 slew, Sel PR e fs Rl og 48E ol
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2 (C-10)¢] HAE = 5 At

lim [ v2ds =0

20 on ’ (€-10)
P g= M ol detel WURS AR F 7Y FA dhste] 7

T

kA A(C-10)3 (C-11)S o]-&ste] Aelshd 2(C-9)+= ofefsh 7ol
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0 - -
E= ﬁz—mvﬂsﬂ BAZ EAQSERZ A (C-12)2 AasE e g

p(P) = — / S(ipvwrp%)d& (C-13)

& =
e s gt o]Ale] AAle
ojH, 7913?‘ THA LA AN ghrte] dE A= Zads

Sold Py BAMA EAsHA 7] witol 2(C-13)2 nonsingular
XMD} gy A (C-13)S pst v, tEte] FAle] AAz7I] FolA A

7] Wiol obx A sl Agel)E A Fs))

Mo ¥o % on
Sui

(a) (b)

O C-2. ¥ ST Ald P((a) =21+ GAT P7h
HAIRE 4%, (b) HAA Poll $JAIeh 3¢ )(from ref.[28]).

olZ A3yl sl PE AAHI X AF]=  collocation 7] O]
AE&HAY. a9 C29F Zeo] AAW SE e A AH 7 AAE
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e ex gdom, B A4 ASE a9 cabe 2ol 7o
ARGE e P4 A ol odT A% 4 (1N HE JuE
A Ao ek prE FEo] wHu g FAH YA BH(TH C-2.(a)
SE T Feje BAAS AAEE A (DA 2% Fe p(P)/27)
A webA o] A9 4 (C13)E obdsh ol Al & & 3t

%p(P) = — f S(iwn¢+p%)d& (C-14)

714 pP)o AFE Tz

A A Zr(solid angle)oll G H T & 4 <)
P’} ZEo] mud A

P)e] AFE 127F obd & itk o]

HEWAA 2 v o] dntstete] Yed 4 Sl
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AetA @y mekd $FAHoz ARe] £d e Yo W 3ol
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r—0 o 4mr w0 Amr g T E (C-17)
o 71A 4p, = 1/4mri= Laplace 3212 7122 & zki=t}. A5
. b : Tk 1 .
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r—0 O 47y 0 A o On

151



5, A (C-13)2 oFej e #o] Laplace A 2o 7|23 tigh Aoz FHT
& sk,
: oY
c’(P) = lim 8—LdS’ (C-19)

d9S Aeta 9= Vol hall imaginary Laplace %4 V=02 483 &
Green?| 2z} S A4S A&t 24 (C-9F FAFS A& b33 2ol 45 &
o]
%
o¢p 8¢L)
0= f 9 _ 5" i
sw(% on P o |35, (C-20)
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g Tlis=— [ Sy i
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CHIEF(combined Helmholtz integral equation formulation)
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l o n op I
- m_w g Py K
UT_ © zm H;l m o) #
T X = T p
— m mT R
Ko £ oS
1o — Jvmo
ll o g.‘_ — o] ‘Nﬂ
T s "hTT
L o T
—_— ol
oy ,W_; HM - BT
LIL Jva = ﬂ —~
o =y 8o o . &
T o T g
= W o T —
) OW _ OE K3
F <0 =T = A
— = L. 0 MIM =
=T S % o o X
3 b o g 2w 9
- -
oy o I ﬂo T Jﬁ_M ~H W
B S o = ﬁ. w —=
o 0 = X @ T ot X
T [\ B -
® 53 e _ML [l oo i
W o B T EaopoE
— T = DY y
N = oo B N
al HT . T W R N
. ® T -
>AO
T T r o %
o e T ® oo AR T
T @) T HT R M

153



; (C-24)
CP)=1- S@@_d:ds (C25)
wpebA o ZAlol ik HF A A2 obgiet o]l Fudt
AP)p(P)=— f S(ipwvnw+p%)d5’ (C-26)
Cd4. A=ri A a4
v S

Vel RuAE A Al FHE molFt AunE po du

S-of ptotal% ole ¢} 7ol F 1A &#e] o= eI
ptotal: z+ps

(C-27)
ojw YAF}Z & dl(spherical wave)Zt a1 olefol o] Ul £ gl

e kR

) C-28
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A7IA AT A HSY(point souce)d] AM7IE UEMHM, RS S99
AYE etk A (274 gatget stedE BT AE2Ex wAgAS
Tk, Absst p'e S EE WA (Sommerfeld  radiation  condition)S
SeloF g

ARAS Swgry] 9ol YREA s A=
(C-23)s W FAFolAe] Atgtst pol AE&A7]H o537 2o}

e c29)
olwf FWHE AR FeleA o= YAtk pE - elRLAlel diE)
ABHY oAl TE NE A& S Ak AW GREAY o LA
Stz e 2% o FIe dhe FEE 2 Ak

AP)p'(P)= f (ipwvizwpl w)dS, (C-30)
S

4 (€)M (C30& W F A (C24)9] BAE Agste] Heshd Yrba
pol SIFF Agrol meld AA Wiel E AR PPYL HAEHOER 4

(313 o] F& % 9

C(P)p(P)=— /S(ipuwn@b +p%)d5’+pi(P) (C-31)
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A study on propeller noise source localization and hull pressure

estimation using matched field processing technique

Dongho Kim

Abstract

In this paper, two types of propeller noise are analyzed with
matched field processing technique which has been widely wused in
underwater acoustics.

At first, fluctuating pressure of propeller non-cavitating noise is
analyzed. Marine propeller is the dominant exciter of the hull surface above
it causing high level of noise and vibration in the ship structure. Recent
successful developments have led to non-cavitating propeller designs and
thus present focus is the non-cavitating characteristics of propeller such as
hydrodynamic noise and its induced hull excitation. In this paper, analytic
source model of propeller non-cavitating noise, described by longitudinal
quadrupoles and dipoles, is suggested based on the propeller
hydrodynamics. To find the source unknown parameters, the multi-parameter
inversion technique is adopted using the pressure data obtained from the
model scale experiment and pressure field replicas calculated by boundary
element method. The inversion results shows that the proposed source

model is appropriate in modeling non-cavitating propeller noise. The result
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of this study can be utilized in the prediction of propeller non-cavitating
noise and hull excitation at various stages in design and analysis.

Next, localization of incipient TVC (tip vortex cavitation) is
performed with broadband matched field processing technique. TVC is one
of the main contribution factor of ship’s broadband radiated noise. In this
paper, an algorithm for the source localization of incipient vortex cavitation
is suggested. Incipient cavitation is modeled with monopole type source,
and incoherent broadband matched-field inversion method is applied to find
the optimum source position by comparing the spatial correlation between
measured pressure fields and simulated replica pressure fields at the
position of receiver array. The accuracy of source localization is improved
by broadband matched-field inversion technique that produces correlation by
averaging correlations of individual tonal frequencies incoherently. Suggested
localization algorithm is verified with known virtual source and model test
is performed in Samsung ship model basin cavitation tunnel. Consequently,
it is found that suggested localization algorithm enables efficient localization
of incipient cavitation using a few pressure data measured on the outer hull
above the propeller and practically applicable to the typically performed

model scale experiment in a cavitation tunnel at the early design stage.

keywords: Propeller non-cavitating noise, Loading noise, Thickness noise, Propeller

tip vortex cavitation, matched field inversion method, Source localization

student number: 2011-30802
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