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Abstract

The very erosive cavitation is simulated by an inclined propeller dynamometer in the
medium-—size cavitation tunnel of MOERI. The inclined shaft for propeller makes strong
cavitaion, which occurs around the root of a propeller blade. The cavitation begins at the
leading edge of the propeller and contracted toward the trailing edge through the re—
entrant jet action. The cavity focused on the region near the trailing edge collapsed over
the blade surface. As the impact pressure by the cavitation collapsing is too strong, it can
damage the blade surface in the form of pit. This cavitation impacts created by the
collapsing process are similar to the full-scale ones and are different from those by other
erosion test methods. The newly developed cavitation erosion test method can be applied
to evaluate the materials such as metals, ceramics and coatings in terms of cavitation

resistance.
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Fig. 1 Sketch of ASTM G-32 methods

Z2|MH(polymer) L= D R(elastomer)2t 20|
A Z2 AW OoidzE A2E =2
JHEIEIOIE &EA A”FES &ot)| floiM =&&
ASTM G-32 =80l MICtEIA=0, 0 HRUA=
ASIel 20 AlIgE 20X &1 ASsSk=22H

(9]
Ja

gt Helol AlgE 2
HHIE 2ot SHEI
HE =2l A

| CHoHA ASTM G-3
LU 25 20 I
Jb M= &f0lotAl LIE
Ol kK= MZ FAL
AEZ0l CHet
-32

>
v

0

:1

NG
[e)
o
o o
N
=
>
v
Q
’_'n‘
Q

o

J

e @ >

S
NN oo T
N o
ro
e 0
fo

T

s

W o >
s e
F =
o

E§\:='
1

0

in

4

o
o 10
>

C =
m
o

e
[

o

H
ot
00 ox

I Al

L

=

[

|
d EHOIM &
FOE ACZ HIAELCH
& XSMX HHIEIOIE
fIohA JHEIHIOIE HE,
, A3 S2 M JHAl &S0l
A=Ol S5AIZE LHXI 20A12 BE2 FAIZE
JHBIEIOIE S AIEO  QJHAIZAOF  ohs
JEND QUCH HSIHESAIRIIE 10A12

AN
SAIIS 22 B0 Olefst YEHE=2

F
=
o

i)
ol
r
u
==
o T

& 30

[
J

Jm
0x
NI e
nx
>

U g

=
12 = S
= :
=
X
0
Jm
x =
£

JZ o
mor =

or

o o

P N

>

S to

ol
[l
O

|—
-

=
=2

é
|>

e oo
N
Q

oo = J2
0%

10 o
=
0

=
to
N



g
Im
0x
or

re

-

21 (collapsing
JHHIHIOI&E0l EH B2
23/2te] 37171 ot
Q2 SFACH

S Uorxosl Jp o g
0 & N oo muo rr =

on
2

=
Qi

JuoA
0N B3
Ju
T
= 1o
= N9
me o
b

>
0o
10
Y
x
>
!

FA
P
&
X
S

0z
0x
>_
- oox
]
0o >

W

£
o
x
=

0% foh 30 ra 0 0 T
T & =W N E

1oy o

e
flo
Jai

=
10
40
%

AMNF Z2EY

=

i
00
ol
2

Jz 1y o

0x X
=)

oo oo

it}
[E
0

Hu

=
jual
i
M
o oH T

ke

0F!
A=
T i @

1

e mx 32
Mo

U
|> @
S

%
02
=
0z
rz
o

B
T

]

=
g
=2
Il
gﬂ
o

HEgst M22 JfHIEIoIE FAAEIE e

(cavitation  tunnel)OllA  2=BHZIQACE. EHE2
A8 Mee 0.6- x 0.6" x 2.6" mPolny =IH
SE2 12 m/s, HEUW 222 0.1 Kgi/cm?oll Al
2.0 Kai/cm®DHXl B30t JHs6tCh. Fig. 2= &8
JHHIEIOE HE Wl AXE FAR DTz
SH(HA1)Qt 28 T2UHE LIEFUNCH BAE
TRE2 SHY T2H2 S2H 2 =(shaft)ol
ZAE 0 ZEAEES = D2
SHAIAL FH = £E32 HS
=SS E o0&t DEH0IL 2|

20| ZRUPY =0| $TEIX 2S Aetol
o2 =2 AR F =P,
DRIt g2 3M5
=0 FARYE U2 A

A2 |0 SHHIHOIE, ==,

2

Hr

02

rx
oY on or oM
= 40 & oo

=)
i8]

oY e

[‘II
=R o
I

e

HM
>
oin
S
O 2
2 ogl

o W
e
4
2
x
rr
=}
o
o

& oy
>
I
I=!
HU
_t_l_|

=
x >
2y
g0
IH
Hu
iz

<
U
N
g

2L
4
: 3

2101 HA IS
Al

[&0] &aliot
[

2
|

Q 4g
w &
T
e = n

A
(O
=
b [Ere

E |

ol
£
=

N
m

i3

m

(0]

rE

ol

i

H

=}

i

0w

w

o =2

>_

= 30
2 e

30
©
n
rr
©
o o
. O
oz v
> H -
v 0z
HI
TE
fon

a

-

Il

JBJR e R 0T g 0x < AT o
O

mmHlJlmo

ox ox N
n -« =
[

@
po)

?J
@

o)

Al MO &

LN RIRIAE

t

> 2

rgl_\

2o
ol

g
|

N}
pa
M rg
o o

in\ 0l Al VasinA

<
[
%]
>

U

2 Medium-size cavitation

p— —

tunnel and the inclined propeller

2
o
b
rx
Il
ton
i
Gl
™

} M473 M23s 20108 48



, HE,

A

: rust
Va COSA

Va

VasinA

Thrust

00

Looking
' upstream
B
90°

Va sinA

Fig. 3 Velocity vector on propeller blade
with inclined shaft

>

==y

stef o
N |IX2E
Veasink JHAl A
TZ2EHI}
=0 fAXIZol 90° H
BIotH =0 LAREE 2
JHHIEIOIE ZAEEkQ)
2O 270°Y
FIE O 2

=

=z

|'|I
0y
00

=2 Vasinh cosd 22 LMAIAH
¢ 2 B0l 2t -Vasinh OIAl
SISHCE

Al2=2
STT=

e

A

olst 3

Journal of SNAK, Vol. 47, No. 2, April 2010

BtA(inner radius)OllA 2

OlAZR

135

2O Br2 et (outer

radius) 2 +=5 UM T=Ey =R
HelR(root) M 1 &0l =HZ  LIEHCH
ZAE 2E0 (e & I8 Z2EY 00
20l S L2=2 WG O SI&OtC
ool LTI LHAHU IHEIEI0IE0] A4S
=0 Metd €2l =22k 2l Z2H0A
2B JHHIEIOIE 2 SRR SIS Mt 8F,
wa Y 2D YRS BES0 EREA BuS
Z0I5tAH 8HCH19th ITTC report, Kim et al. 1999).

AN AMEE ZZ2EelEsE BJIRYdsS Rl
AAHEIAE H0IH 22 HIB2 Fig. 42+ 2Lt
fR  SIDEELEVATION PROJECTED BLADE EXPANDED BLADE PD
Lo L8
0050 o 7 = = 135
“glan = = T
0.600 / \ | —— . Vi
0.700 / \ ’,/ /T N e — ) \um
0.600 \ \ / ‘T _ / /A‘i 90
0.500 \ \/ /1l \ o 1.3
0400/ \\‘ | | VW] [1am

| ){ ﬂ A\ e /1o
= . S — A

49,615 57.5%6 Y X

TN

8.013
Propeler Princpal Particulars

Dianetfnm) 7800 ModelDiam(mm) | 250000 StleRat 3100

PDjmean 13621 RaleD)Tp 0003 PropTipe P

relo oses7 Ef steuDeg) w Davingele 16055

HubRaio 02180 (DR 07550 Comment

No.0iBade 3 FIQOR oo Prop.Number kpggs

Secion NACHSS D)o ontst

Fig. 4 Particulars of propeller model

Fig. 5 Equipment for 3-D surface profile

measurements



136 L2 A

&=
ro
Im

o2 E 1/3.12&
HMEEASMH 342 &I, 250mme]
Z=C0h I Aol MINHAH|= 0.88870(1
0.7R fIXI0IA ILIXl(pitch)dli= 1.40010ICH

HEY W S5, HEIHIOIE = = JAA
ZTHOIH  FAMR  ZZ2EYHAM Egtel
JHHIHIOIEE HSIAIZ = QUCH 0 O 0=
A0l 28t JHUIHIOIEO0l Z=Z2El YN
Bt 23D H(camcorder) 2t
S(resolution)2 2= XHAlIGI
2 930lAME == A2
032K Photron,  FASTCAM
APX-RS)E AIZ56I0 W2 distetl 16t
HHIEIOIE S ZEGIRUCH T8 2ol et =
Ty Y2%(fps:frame per second)S 12000

2Es B R

RH=
o=

on
rrmjo

ol

0

!

20000fpsTtXl B StAIHA I Ekel{ty
JHEIEIOI&E 2 s E gl CHSHA
SHESIR 2 JHHIEIOIE S1el W0l St
OIRUXI=XE =I5t AFE8  CCD

JtHIetel oiaT== 512 x 512 pixelsOIA LD
ZI=0i0] 3J|= 2 10 x 10 cm?0IRALH.
=

ot
JHHIEIOIE &AL AIE d=o &% HHE

Eol 82(profile) HEIIATOS)E OIBBIACH
ATOSS =X a2 U

g=as gal0l

Z=E0HO| JIIE 4= mmollAd = mIEAl SHEE &
UCEH  AIAEIS BUE(SHEMS)= 2umOIH
AR=80 =&st 2 s3OH S0loi2=2
D24 f9 EH 22 HS0l s2X0IC
JHEIEIONE &AL AEN AIEE URSS
=CE=  8m/s0lD IZ2EY  FEEE= 28
rps(revolution per second)OIRUCH T2 EY =9
ZALE 10°HIA 12°0KK BSIAIZ D BHY LU
g a2 01, Lo 2 SHuldola
+5 2 0.92 DHOIUCHL It EAH0l 28t
JHHIHIONI&E0l ZREE{O|  82|(root) 22X O
SMBIEE ot D e R (trailing edge)
2NN SULX %UEE AI ANE ZHES
HIAGH =X O 2 s2
IOl SnE I feiME sHbigolE
£E 3 ZFH X SHHIHIOIELl =10t

THEO MEE MZ2 JHHIgolE SAAEIIY e
D2EY €Y e UD otRUIA 20UE=2
= Aol HatohAl gt

2=, = ANEgo da2 IME ZZEYE
Ol=2olH D ZHEe JHHIHOIE SUE L2A
B2 AlZE otoll BA ZUE 20D ZzEY
0 f Folks R/AX0 JHHIHIOIE SUE
HEotH &ed =+ AsJdt ot Aot 2
ARUM= Olcdst AIg-2 HASSE SFAID|11
AN HE JisdsS 20t2)| ?Iotd S8 282
D2EH0 &8 = JHHIHOoIE A Hs2
ZALGHRILE

3. 21t € E9

Fig. 60l &0l AtSE Z2HZ 2EEo 2¢
FI0IM  Zdct=  OHHIEIOIE  IHEIQl HEE
25t O8SES  UEHHRICL (a2t (b)e
JHHiEoldel g 2 SFME, ()2 (e
JHEIEIOIES] SUWE, (e)2t (= IHHIEIOIES)
A28NAES 20HEC (A= ZREY  EHY

LHUAN 4= JHHIHIOIE0l 0

o
1K LIEILID QUCH Z2BHDF 3| MEHll et
el =0l #XE =O0HKIA
= Hiet 201 1o 2=
o = M E (re—entrant  jet)J}
BIEHIOIE HOelel StH2UIA LAEHH S0
X ME <loh MBlEIoNESl FoI= EXE
H DD &=30s I8 (o 20l 3
JHHIEHIONIE0l SDIECH HEIHIOIEL
= JIM AEIAM M AEiE2 SZ6HA
f(ohase) Bi3IJF 2oLl s 20lot=d,
Ol SHEIHIOIE JIXE =219 |HIt Ot0I3=Z

B oA o
=2
x

> 0T 0 4>

0

(micro) ME(et) EEHZ IHHIHIOIA JIE ote=z
FUHD BSF0= HH(WIIME 2 T2
qHEHo 2 sAYES I Ech oldE
Oorol2=2 MEN 28 sA3AY=2 += MPa WXl
100 MPalil OI2E& 0oz LM UA2H, HH

otsn 22 248 &Ag 202 £+ . I
(e)2t (fl= JHBIHIOIES 1 = 20AM ASZEt
g | I E(counter jet)Jt

LUSHHA Z2ots 253 LIEHHCL

tHetxdstsl =28 M473 M25 20104 4 &

[



L BIlE, 3

137

(a) (b)
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Fig. 6 Photo images on the sequential behaviors of cavitation pattern
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