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In order to investigate the influence of thru holes near leading edge of model propeller on cavitation behavior, a model propeller
with thru holes was manufactured and tested at Large Cavitation Tunnel (LCT). The pressure distribution around the thru hole on
propeller blade was numerically calculated to help understand the local flow characteristics related to cavitation behavior, The
model propeller is a five bladed propeller which has 2 blades with thru holes and 3 blades with smooth surface, The cavitation
observation tests were conducted at angles of 0" & 6° using an inclined—shaft dynamometer in LCT. There are big difference on
the suction side cavitation behavior each other due to the existence of thru hole, While the blades with thou holes start
generation of the sheet cavitation from the leading edge on the suction side, the blades with smooth surface generate the cloud
cavitation from the mid—chord, Cavitation on the blades with thru holes shows more similar behavior to those of the full-scale
propeller of which the pipe line for air injection is closed, The numerical analysis result shows that the sharp pressure drop
occurs around thru holes on the blade, Consequently, the thru hole around leading edge stimulates the cavitation occurrence
and stabilizes the cavitation behavior, Based on these results, the effect of thru holes on propeller cavitation behavior behind a
model ship should be studied in the future,

Keywords : Inclined shaft propeller(EZZAt Z2EI2) Propeller cavitation(ZZ2Z!24 7HH|EH|0|A), Large Cavitation Tunnel(LCT, CHS 7HH|E|0 [NE{S),
Uniform flom(#5), Thru hole(ZHE)

1.8 E W YEOR SI|RART (prairie hole)7t Sl= FIt B
ol FeollE S7hel LIt Helel sol fARIE 37|
Z:

=z |
AT DEE MR E B (chamber)oll AZEICE o)

= [=]
2N Z2dzoM Wdste SEEHALZ2 TRl ol 235t =70 w2} MU 2 225 27+ =l koo EA}
22 0Fc T2 Yol 34 OH—PO|'?4 2 YEM 9 ofat T2 E500] ZaHy bfEHoz BAI=EC) 0|9 Zo| <
M Msof| 2 dEs Fof m2ie g2 AM Z2E 2o 0 oHdIH oA 27| EAFS E2HSE FHH|E|0|A0] THO{X| T
HulEjold ZYo ok 5FEel At H HFIE & (breakup) HO{HM =2[(shedding) % S2l(collapse)sh=
22 25t dYH e FAlGiAA WHoz B2 dFS == 2o IPHollA H|EAHunsteady)AEf Q| Q12 ol A&
of ZIH=0of gt (Seol et al., 2002, 2005). 24ZF M E01E 2H=CcHKim, 2000a, 2017; Wang, 201 8).
M e Z=Ee 7.§—Or01|: T2EZ SN o 2R & Reisman(1997)2 Kim(2000b)2 &%X0M RlSsts 34t

Received : 12 July 2018 | Revised : 19 November 2018 | Accepted : 21 March 2019
1 Corresponding author : Ki—Sup Kim, kksprop@kriso,re kr
It is noted that this paper is a revised edition based on the proceedings of KAOSTS 2018 in Jeju,



TAFOIM ZEHR o M HESTUF 28 =2Hp JiH[H|o|Mof olxl= et

BRI 271 ool ST7IEAHE HRIS S7|2AF =
dof e FHE[Eold A X AL FOt S 2 AT
S g 8t QU

gioll HF-2o 2 Z=H2f FHu(H|o[M AlRolME &
JHEHO| 2A7E 8l th112{2(smooth) AEfZ St
AL = AFoME S7|ZAPL Sie 2EfolM ZAH

A7t 2282 |HA| 7iH 9| RS ASEEe 2
FHd[E|o]d 2tdof o|x|= HEE Akl 2ot &Y AM =
2 A Al2Molls MAE =28 Do) "ol st
FHe[E|o]M E7| 2 M= (Cavitation Inception Speed, CIS)
FESICE ol S7|7F M= AE 27| {5t &
7| 2A H2E ZHZ XTI 37| 20| 8l AElE RA

1 . J30 = 76t A= Y E St
S A0 QA0 I dHe| AHRIZ

SO| erdsto] 7N ER

i
0%k
mHE
nl - |-
> o /ol
Eent g
20z =g
=
i [EE))
o &)
[P ol
N A=l
>
om ~
fol
e %8 §o bl

o
bl
s}
o
oY —
~
N
mII
0=
ol
9
ful
=
3

= o et al., 2017).
2 =20AE YN MES AN ZEH 2ot

rin

>
i
H\.l
rir
o
0t
[ Kl
HU
=}
e}
uc
=2
2
=2
x
M
Rl
-1
d
Jo X 10
o ol

o E i

2 0
© o

[H 0
e Hu

N2 solstmat s A

()

lob
mju
do

o
o
-
po Jjm
du O
o "
U
2
x

0
ox
>
mju
)
rir
kI

e oz Mo
Ay -
0=
2
[m}
>
rir

i
=
0>
o]
Hu
_gk
I
Ho
o
Rl
nak
rl
=
o
u
[
)
o
E ook
i

—

LCT, Large Cavitation Tunnel)ollM = ZAl =22
[E|o|d LMEMTL ZT7|EAIL FHH(E|OM B
A =0l A ECt 2|1 A

>

N
0:
Jm
0x
\_

[nn}
2
2 0
1
=

0=
nok
4 X =

2

02

1(_)|I_l
o
in
0
o
>
oot
B

Huorir
=]
12 o
k=)
k=)
o
Ho
o
I -
ru
_‘>|_|
AT
>
-
A
o
]IO
i)
AT
ki
In
pal

:oll__u
it
il
o
|o
HU
Ir H
]
=}
L) 0|'|'|
fjo
iz
1=
rr
inl
rtr
r
Fo
2

rm

2
0 0 H

0
B ol rjo

02

HU
5

UL
-

ook 0z M

uc

=

¥@ o or ™ [t
A
Qo
kT
il
H>
ol
=

o ol
S
el
om -
44

C
—_/

N0,
N
1
© 4l
4ol 0%
o
i
]
Jal
|0 1
HU

mo .
0l
=]
ofm
_o'ﬂ
rir
-
=

= [
i)

e

olm

4

Hu

2

o

ISl
[0 g

Hu I
(]
Rall
gg
bl
2
x
O
O
o
d o
3'.'
z
mo
Jal
0f0
_C‘,L
8 o
in

of
ZHe{of|A 7§B[E|O[H

A
2 B7|2AL HN sl 7

m

H o

Il

2. 5§ ZAI A HETE U= =Y

FHHIEO1M AlHE ZARE SHA = LCTOM AR
2 x=HsSlo Zzdy oEAIE(POW) ¥ FiH|EolM BHE
Aldg FEe = A= Flolct (Ahn et al., 2016). =55
Aol A2 £10°0|4F =FE 4= QU Fig.12 LCT AE
Sofl SHAIZHB) 0°2t 6°= Mx|E Hu|E|olM AHE ZA
FEg ZHAE Hoi=c}

T
-t

Lf"l

o ®© ©
11 s )
— o o b
0®© ®
® ®
(b) Inclined shaft angle(B) = 6°
Fig. 1 Inclined-shaft dynamometer installed in LCT
5 dAE e Z=2He{o| JHIH0[MR2 F FARO|
0ol A2t v|Wsto] Wy EMol %2 xfo|7t Ut O
Olfes Z2HE Fe=c a9 Wako| 2872 s
7| Wj2olct AeRs AEjoAM FHAPE 0£2l Aol=
£ ul2l E0e FST EMSIXITE F A Z2HE{9|
4d2ol= ol Ao wek = =2Uy H of2folM {2
2212 2 F=(V_upward)o| FItz gAsict o|z{st
OlRE HFYA Z=& ? 2

uc
=
B
Rl
2
i
[H
Hu
e
i}
1o

V_upward o w2t et ™ Fid|go[Mo] 3=
s =& siat 2 o|FE Fig. 20f LIER} QA

1T e

[enrz 22 | [2rz 57t |

] ]

Fig. 2 Effect of upward flow on cavitation occurance of
inclined —shaft propeller

Z2HEY HRA| A4T(0) Yo = 124 gek2 052 3t
0] T2 3[H Loz A(+) A= ettt Fig. 20
Me ZAE Z2Ee{IF 2SA| A R 2o 5 ZAjol| 2
off Ldlishe AEbsF £ (V_upward) A28 E0{ECH 0 &
T ME2 ZAR eAdeez m2Ee Hof| 3ot




0=90% {Ix[oME V_upward2 2 QI5t0{ A|S|N £
Zotelm, diHof 6=270% RIxloM= Aths™ £27t Z
2ot Elot o2 st MTHE|IM HEXtolof w2} EoHe x| 2t
TEHZ chH QA2 Wsl= Fig. 3o JHgMoz LiEplD
QACH, b HoHol 2dshs FHH[E| 0| LMBER 6=00%
xoIM FUHAM SItetl AT ZhasHA| ElCt
©=180% 11 Hithe| EME zt=ct. 22|11 o|2{Et 7iH|H| o]
A EMEF BUtet A dE2 Aixoz TE2HE s Eof
ol A

Ik U= AlslEc

—

O

ge
(pressure side)

——

n+Dia*r/R*rps

AL
0=2705 9:9= @-90%
10U

Fig. 3 Incidence angle change of inclined—shaft propeller

NEOIM Mwst AN Z2delol Z7|2A7 HZe o

= o
1~2m 0loi, B7|EAR Afolel 2k of 30m ofufolct,
e AN B TEEE XZo

no —

o2
U
Pl el
x
il
o
rz
>
ot
>

HE2E A2 280m Lielo|H ST|EAME A

(@)
3
3
=2
_9II__I
on
rok
il
kI
ogt
H
HU
=}
u
=
g M
e 0%
o M
- we
> N
Oh OX
lor

=)
x
0
-
o
ofr
2
(=
om
-
lo
k]
ox
rlo
o

Ofm
ot
r\l
N
rlo
12
N
3

3

> oY Ak
OIIII

o o

|0

u

\' _|

N

rlo

_l?_ .
x Ho

I

_?_
o SR o

o

uc
=
0z
fug
o MNE
Hu
=
o
i=]
rx
=
0=
M
= -
ok
X0)

SHEHAM

=
El

[o]]
-

2|54 Fig. 42 Zto| 274
2511, 37H(#3, #4, #5)2
=

=

D

2

rir

)

om

4

r 1o =
uc
=
*

e BE

I

Fig. 4 Model propeller with thru holes on 2 blades

7hHEf 0]

A A8 AHRE SHAE 018510 Fig. 114
20| 252 £ Aol thsiof Z2E e
S

CHEAI™(POW) S
= 28.2 RPSE

AX

> OOI'
_O'L
Q
n
k=l
I
40
ofn
2
x
K
HU
=]
i
Tolt
r_l.

SR

Jn Hu g o
1ol

Mo

{5l%en Z2HY 3|
282 FHH[E0|M2 LCT AIHE
7ttsto] A SIACE = HAR
Al Zok= Fig. 50l 2oix|of, SZARZ
A7t M ddollM 0°Ect 3Y, eH=Eg
O{Z=C} (Ahn et al., 2016).

FHEIEOIM AlEZEZS B =2 SXof| w2} Z7i

o —
=
-

tm
H o

ook %@ 1 HI
=T
|'|_|0
3
o A

|
FHH|Efo]4 LHMof| o|X|= 2
ZAZ() #HI(1.13<J<1.19)2k= Zt2| Table 1
of E= diet Zro| MASIQIct =4 12 S8 HM(suction side)
FHu|EfolMo| 2ot & wHlsH= AlEfolnf, = 2= 2
(pressure side) 7HH|E{|0|M0| EC} & dhY

Ch {4 /%52 9.0m/sE2 1Y

b

[

el
rx rk

—_

-7
b

Mo ofm

0.
0Ok
=

>
o) -
Fl_l_
0z
=2
2
ol

Il
o

1.0_||||||;|;||||||||||||||||||||||||||||_

c ——5—— LCT(Present: n=28 2RPS) - 5= 0.0° J

- == === LCT(Present: n=28.2RPS) - = +6.0° n

0.9 g ]

08 \\\. -

07 L < =5 L) ]

208 E =N — ]

& F NS ]

S 05 & ]

X 04 \EE\ N %\ 7

E \\ N E

03 k\w X ]

c \ K ]

02F k‘ﬁ-ﬂ, .

0.1 | \i‘” .
o'%.s 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14

J
Fig. 5 Comparison of model POW results according to
shaft inclination(3) at LCT

Table 1 Cavitation test condition

. Vv n
Condition (m/s) | (RPS) JA KT oA,center
1 9.0 31.33 | 1.08 ]0.2330 0.92
2 9.0 25.43 | 1.32 ]10.1058 0.92
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Fig. 10 Propeller cavitation of #1 blade at 3=6° and condition 2
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(b) Surface grid for #1 blade
Fig.13 Numerical grid system
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