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In this study, the amount and frequency characteristics of cloud cavitation formed on a navy ship rudder were investigated through
cavitation image processing technique and cavitation noise analysis, A high—speed camera with high time resolution was used to
observe the cavitation on a full-spade rudder. The deflection angle range of the full-spade rudder was set to 8 to 15 degrees so
that cloud cavitation was generated on the rudder surface, For images taken at 10* fps (frame per second), reference values for detecting
cavitation were defined and detected in Red, Green, Blue and Hue, Saturation, Lightness color spaces to quantitatively analyze the
amount of cavitation, Intrinsic frequency characteristics of cloud cavitation were detected from the time series data of the amount
of cavitation, The frequency characteristics of cloud cavitation obtained by using the image processing technique were found to be
the same through the analysis of the noise signal measured by the hydrophone installed on the hull above the rudder, and its peak
value was in the frequency band of 30~60Hz,
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Fig. 4 Model ship with full-spade rudders

Table 1 Particulars of the rudder FR

Rudder type Full-spade
Balance ratio 0.226
Aspect ratio 1.5
Taper ratio 0.45
Section type NACA

2 ol7olME ofslel 22 Alg Zzioz FIKEE} 8ol
chet FhulElold Ase $a5
- FR|RKSE : 242t

A
ool R
S

o 5p
fa}

T 0

- EHY AR 7 TR weFEE V=90 m/s
- x=28g] e 5M4: 30.8 (270 5= 5)
- M7VSEF EfZE D -8°, —12°, —15°

- Met msiZiofol| 7|=5t 2flols= %= Re, = 6.3 x 10’
- 7fd[EfolMd == 6, = 1.25

- B4 Al™E o 2= P, = 0.55 bar

- EHg W %o 2z p= 1000 kg/m®

H7ISEIAM Lok HH[EH0M2 AT /5, ARS
X 2 Hajof whE Fi8|E|olMd ol 2fESH=H| FHH|E(O]

o
H 2| Yol= ofHet Zct.

—

—
—
~

)

y=(P,—P,)/(05p7V?

Al (1)ollM Py EfE AIEE LY M 2(static pressure),
B &(fresh water)2l E7|2{vapor pressure), p= E
£=o| W& 7k} oo|sict

El 7¢! 70| B7I6t0l EfZ{o| Botelol| w2t M7 tsEH =M
oAM= o Z#~E$H 7l |E|0|M0] H| YA (unsteady) 22 LH
SHEZ NEIH2ZIE ARS5H0d =2 AlZE 25l S(time resolution)
o= JiH[Ho|ME Tt ISt ZTt ATt & 2170l A= Photron
Ate] SA-X2 FHHIZH20mm pixel sensor size, 12 bit dynamic
range)E AFES101 Ef EHO| FHHIEOKS EFSI=H 1024 x
1024 pixelse] 27+ 2stso= ZFEH10000 Zale| dals &S5
C}. EE5H 2=l 37| 2k 30 x 30 onfolUCh =HE 2o

P/E
H 2
= o

S

5:0"‘\{\\

f el
________ (R P =
Prop. Shaft ‘F : :
(port side) {

o
i
2

cutboard

Fig. 5 Definition of rudder deflection angle

JSNAK, Vol, 58, No, 3, June 2021

169



28 etElA 2lIskE TE(cloud) 7HH[E|01ME | Fule SMol| tiet AeA! it

Optical SystemAk2| SPLIK(XEON 1kW) 3= 4745 AIR3IH D
aiatel 3 FHH|EO|M S HUSHH ZASIEE HiX|SHCE,

= AFoM e MItSE THO|AM WSk FHH|EoIMH A5
2 AZSsP| flotod EPF Mx|E (X[t 7k Mol Mo =
ZHE7|(B&K, Type 8103)E Fig. 42F Zo| Mx|5|%¥ct A
ERE=E B&K type 2692-A ASEE7(2} B&K type 3052
clolgf & ZXE Ssil 7|E=Qlen, HEY Furs
204.8 kHz=2 MAM=(QICt o] MEY Fukpee zof 24 Fuf
= 102.4 kHzE 75 gk

FHHIEOIM Ak XMelof tist d7= IEIHHEIE ARSSto]
A2 AMSZHE (oM LM AZSP| 2l ™
Qo 2 Ao = BreH HHHIHIOI/& RINIPNE PO TP
stz ZiH[EolME AZEs| flsh EHIE FHH[HOIM FMs
S| BRE FESI] 229 7HH|HIOI’.‘_ Halo| o EF
2 7HKI=X| =elsIct Aeiw EF+= M =(saturation) 7t &

7| 7HKl= FHd[H[o|Me| detdel SAS JiX|n

QAL o Hak2 HH|E|oIM Exo| HEES XHX[5H{ FH7t
)2 Zd0] SFolct FHH[H[olM0] 25t BM=H FHH|E|0]
HollM BREl= 2o 20| H HolX|EE /50| =11 ER{O|
2 JYollM =S5t AA RI=ol|lM 2ot & ZEECE Fig. 6(a)

£ 2H 0| 7{t|E|olM2 A Z Hate| ci2 F2of dlsl £17|
(lightness) 7t =20{ MAKhue)S K| &= 3|41 Z=(gray scale)
o EAES JKX|1 Uof Mt Rl AMEoF Hoke AR 2
o FE5k= Mol gickes A2 9|D|°FEP.
e TR JHH[HOIM o SHS
Z5p7| 2I6hM *”M(hue)ol ot E [Al=7=(gray scale)ol|

(lightness) 7+

Hio
—T,— E-Il-l_

ES

Ente)
=/
=
=
=]
=3

_,S

Zto) | u4o|

r|r
°*>”
| S
1
rlo
o
1o
p-l}
-
i
o
mjn
AN |
]

Piég 7HH|HIOIA40|EP sl HESH =
s BRe ‘?J%kE} HH oM HAME FHd(Eo[Mo] 1
AAAo| SHRE ol w2l FHZ Wk X|®ol|l &Y
5101 7H[E0l4M<] “‘% BlAy MAlo| ZtAshA| Elct of ZHH(E|
O|M-2 7iH[E|oIMe| JIEAIZ[olM F= 2rSto] ChixAcz
1Ml 2=t St 2 MY #oMe 730 Elel bt
(leading edge)ollM Sl Htrailing edge)2 ols&ol| 2t FHH|
Blold Hojz|e| 7IEAlzlof CHER2 Exstn At oA &
Me|l= FHH[EO1ME M7t gfol = 2H0| o{FE55 ut
AFEI: l:LIg| ol:o| X-Io-| l:lI-O é, S
6(b)E 2T 0| 7Hd|EolM
MAM(hue)2 7IRICE CHHHe= =
7|(lightness) 7} 22+ o{ECt. 0] 7HH|F—1|0|A._E S|AH =
| wh2oll & eim S72| FHu(EolMd Jaknt RALSE
(saturation)7} ST} EESH o HZI=S T2t AP S E|
(hue) 2| Lie| slAE AZESI0 sl 7H[E|olM
SIXCt Sk 0|2 Z=Zof|A 2=l = FliH[E|o|Md
FHa(Efo|M el FH Tt gol MUiAZ EU(T}

3|
==
oA

ISK=]

E

lo

AL

Z HH

J

r

N

82

- Ho
n 2
1

n =
HU ooz H1ob> &

c o m|o
=
ET
I
[0

I-7|

b

(a) 1% case (b) 2" case
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Fig. 7 Rudder cavitation image (upper left : original image,
upper right:extracted by 1st criteria, lower
left:extracted by 2nd criteria, lower right:combined
and extracted by both criteria)
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Fig. 12 Time history of cavitation amount on the rudder

Table 2. Quantitative estimation of cavitation amount

Angle (°) Cavity amount (10° pixel)
-8 44 1
Mean -12 66.0
-15 96.3
-8 58.8
Max. -12 94.5
-15 1271
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