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Abstract

In this report, the results of the extensive cavitation experiment on a Ro/R, ship are
described. It is well known that this type of ship often suffers from serious hull vibration
induced by propeller cavitation. The effectiveness of highly skewed propellers on reduction
of pressure fluctuation is examined through the measurements of pressure fluctuation.

In order to investigate the relationship between cavity volume and pressure fluctuation,
cavity volume on highly skewed propellers is measured by the Laser Scattering Method
developed in the Ship Research Institute. .

The measurements of pressure fluctuation and cavity volume are performed not only
in the axial wake field behind wire mesh screen, but also in a three dimensional wake
field behind a complete model ship to clarify the influence of wake on propeller cavitation.
Significant differences were observed on cavitation pattern and the amplitude distribution
of pressure fluctuation in two kinds of wake fields. On the other hand, good agreements
were obtained on maximum amplitude of pressure fluctuation, cavitation extent, and cavity
volume for highly skewed propellers in the same situation.

From comparison between the experimental result and the one calculated by using the
measured cavity volume as input data, good qualitative agreement between three propellers
was obtained.

In addition, the effect of nuclei seeding by electrolysis and of roughness application

to the leading edge of the propeller blade on unsteady cavitation is also examined.
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Table 1 Principal Particulars of Ship

Ship Items Model Full Scale
Ly (m) 5. 6241 150. 000
Lwr () 5.8491 156. 000
Burp (») 1. 2498 33.333
durp () 0. 3674 9. 800
Trim (7) 0 0
Displacement  (ud) 1.5573 29, 545
” (t) 30,284
Wetted Surface (nf) 8.1183 5,774.9
Cn 0. 604
Cyp 0. 623
Cu 0. 970
lew (%BLpp) 1. 809
L/B 4. 500
Bld 3.401




MS.NO. 0360

Fig. 1 Body Plan of R./R, Ship
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Fig. 2 Stem and Stern Shapes of R,/R, Ship
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Table 2 Particulars of Model Propellers

Model Propeller 1 2 .3
M. P. No. (SRD) 0211 0212 0214
M. P.No. (SRC) 2197 2198 2201
Diameter (m) 0. 250

Boss Ratio 0. 300

Pitch (m) Const. 0.1825
Pith Ratio Const. 0.730
Exp. Area Ratio 0. 550

Blade Thlcknﬁzst o 0. 050

Blade Section MATU
Number of Blades 4

Rake Angle (deg.) 0° —4.0| —6.0
Skew Angle (deg.) 11.0 45.0 60.0

Type of Skew Line

Forward & Backward
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Fig. 3 Three Tested Model Propellers
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Fig. 4 Characteristics of MP-1, MP-2 and
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Table 3 Experimental Condition of Cavitation
Test in Wake behind Wire Mesh
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NI lEESTIRA AR | (11° skew) | Ballast | 0.120 | 1.443 | 23.66| 0.7 28 Smooth
M TH -7, M.P.No. 2 | Full 0.137 | 1.649| 25.00| 0.7 | 28 | o

2.5 HRERZH (45° skew) | Ballast | 0.129 | 1.443| 23.60 | 0.7 28
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REERFERO 7 e~ 5%t Table 4 Experimental Condition of Cavitation
B AEE A Test in Wake behind Model ship
REEEE SRR Propeller Cond. Kr on ( n y | alas (1?6”)
», ) Kr i—Fs+ s
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Fig. 6 Arrangement for Cavitation Test and
Measurement of Pressure Fluctuations
in No. 1 Working Section
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Fluctuations
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Fig. 8 Wake Distribution Simulated by Wire
Mesh Screen and Dummy Plate with
Flat Plate for Measurement of Pres-
sure Fluctuations
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MP -1 (Smooth)
Behind Wire Mesh
Full Load Cond. (MCR)

Fig. 9A Sketches of Cavitation Pattern on MP-1 Propeller without Roughness

at Full Load Condition

MP -1 (Smooth)
Behind Wire Mesh
Ballast Load Cond (MCR)

Fig. 9B Sketches of Cavitation Pattern on MP-1 Propeller without Roughness
at Ballast Load Condition
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MP-1 (Rough)
Behind Wire Mesh
Full Load Cond (MCR)

Fig. 10A Sketches of Cavitation Pattern on MP-1 Propeller with Roughness
at Full Load Condition
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Ballast Load Cond (MCR)
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Fig. 10B Sketches of Cavitation Pattern on MP-1 Propeller with Roughness’
at Ballast Load Condition .
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MP -2 (Smooth)
Behind Wire Mesh
Full Load Cond (MCR)

®=315°

Fig. 11A Sketches of Cavitation Pattern on MP-2 Propeller without Roughness

at Full Load Condition
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MP-2 (Smooth)
Behind Wire Mesh
Ballast Load Cond (MCR)

Fig. 11B Sketches of Cavitation Pattern on MP-2 Propeller without Roughness

at Ballast Load Condition
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MP-3 (Smooth)
Behind Wire Mesh
Full Load Cond (MCR)

8=315°

8=80° 6=70° 8=60° 8=50" 8=40° 0=30° 8=20°

Fig. 12A Sketches of Cavitation Pattern on MP-3 Propeller without Roughness
at Full Load Candition
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Behind Wire Mesh
Ballast Load Cond (MCR)
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Fig. 12B Sketches of Cavitation Pattern on MP-3 Propeller without Roughness
at Ballast Load Contition
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Fig. 13 Photos of Cavitation Pattern on MP-1
Propeller without Roughness at Full

Load Condition

@=0°
Fig. 15 Photos of Cavitation Pattern on MP-2
Propeller without Roughness at Full

Load Condition
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Fig. 14 Photos of Cavitation Pattern on MP-1
Propeller with Roughness at Full Load
Condition
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Fig. 16 Photos of Cavitation Pattern on MP-3
Propeller without Roughness at Full
Load Condition
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Non-Cav. Cond. Cavitating Cond.

Without Rough. With Rough.
Fig. 17TA Measured Fluctuating Pressure on Flat Plate Induced
by MP-1 Propeller

|
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Non-Cav. Cond. Cavitating Cond.
Fig. 17B Measured Fluctuating Pressure on Flat Plate Induced
by MP-2 Propeller

ity

Non-Cav. Cond. Cavitating Cond.
Fig. 17C Measured Fluctuating Pressure on Flat Plate Induced
by MP-3 Propeller
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Fig. 18 Blade Frequency Components of
Fluctuating Pressure Induced by
MP-1 Propeller (at Point S;)
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Fig. 19A Single Amplitude of Fluctuating Pres-
sure on Flat Plate in Transverse
Direction for Three Propellers in Non-
Cavitating Condition (lst Blade Fre-
quency Component)
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Fig. 28 Instruments Used in the Measurement
of Cavity Thickness on Propeller Blades
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Fig. 29 Sight Device for Observing the
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Unfavorably Influenced by the
Existence of Pin (6=0°)
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Fig. 33 Measured Cavity Thickness Distribution on MP-3 Propeller Working in
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Fig. 39 Arrangement of Pressure Transducers
on Stern Hull of R./R, Model Ship for
Measurement of Pressure Fluctuation
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Fig. 40B Sketches of Cavitation Pattern on Smooth MP-1 Propeller with
Electrolysis at Ballast Load Condition

Fig. 41A Sketches of Cavitations Pattern on Smooth MP-2 Propeller
with Electrolysis at Full Load Condition

Fig. 41B Sketches of Cavitation Pattern on Smooth MP-2 Propeller
with Electrolysis at Ballast Load Condition
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8=80°

8=340° . 8=330°

Fig. 42A Sketches of Cavitation Pattern on Smooth MP-3 Propeller
with Electrolysis at Full Load Condition

Fig. 42B Sketches of Cavitation Pattern on Smooth MP-3 Propeller
with Electrolysis. at Ballast Load Condition
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6=340° ’ 6=20°
Fig. 43 Photos of Cavitation Pattern on Smooth MP-1 Propeller without Electrolysis
in Full Load Condition

6=340° ©=20°
Fig. 44 Photos of Cavitation Pattern on Smooth MP-1 Propeller with Electrolysis in
Full Load Condition
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Fig. 46A Measured Fluctuating Pressure on Stern Hull Induced

by MP-1 Propeller
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Fig. 46B Measured Fluctuating Pressure on Stern Hull Induced

by MP-2 Propeller
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Fig. 47 Blade Frequency Components of Fluctuating Pressure Induced by Three Propellers at S,
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Fig. 48A Single Amplitude of Fluctuating Pres-

sure on Stern Hull in Transverse
Direction for Three Propellers in Non-
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quency Component)
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Fig. 48B Single Amplitude of Fluctuating Pres-

sure on Stern Hull in Streamwise
Direction for Three Propellers in Non-
Cavitating Contition (Ist Blade Fre-
quency Component)
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MP-1(Rough)
Behind Model Ship
Full Load Cond (MCR)

Fig. 58A Sketches of Cavitation Pattern on MP-1 Propeller with Roughness
behind Model Ship at Full Load Condition

MP-1(Rough)
Behind Model Ship
Batlast Load Cond (MCR)

Fig. 58B Sketches of Cavitation Pattern on MP-1 Proppeller with Roughness
behind Model Ship at Ballast Load Condition

fERAER U, T, PPEMICHFELTHEY, BEES o5 0DEE
ZO* v EF 4 EINHEBSLTE LN F + E EANEDREL LB EEBPLTHBEEL B,

F 4 o BY 2 —sDF R EEHEOE/EFig.66 NARF2—=TaRFDF+EF 4 + F Y a— LR

CRT o /35 2 MREEOFBF + EF 4 OB IKS Fa—BRERBEEbiT, FBHE, SR MIREES

Vo BEEMP—17050F+EF 4 K ) =— HPRBEL LTINS,

L, D 2D2DNA R Fa—FrRFDERE HAN

(189)



36

MP-2(Rough )
Behind Model Ship
Full Load Cond(MCR)

Fig. 59A Sketches of Cavitation Pattern on MP-2 Propeller with Roughness
behind Model Ship at Full Load Conditien

MP -2 (Rough)
Behind Model Ship
Ballast Load Cond (MCR)

Fig. 59B Sketches of Cavitation Pattern on MP-2 Propeller with Roughness
behind Model Ship at Ballast Load Condition
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MP-3(Rough) .
Behind Model Ship .
Full Load Cond(MCR )

8=80° ° - 8=60° 8=50" 8=40° ©=30° 8=20°
Fig. 60A Sketches of Cavitation Pattern on MP-3 Propeller with Roughness
behind Model Ship at Full Load Condition

MP -3 (Rough)
Behind Model Ship
Ballast Load Cond (MCR)

Fig. 60B Sketches of Cavitation Pattern on MP-3 Propeller with Roughness
behind Model Ship at Ballast Load Condition
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6=20°

6=40°

Fig. 61 Photos of Cavitation Pattern on MP-1 Propeller with Roughness
behind Model Ship at Full Load Condition
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Fig. 62 Photos of Cavitation Pattern on MP-2 Propeller with Roughness
behind Model Ship at Full Load Condition
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MP~1 Full Load Condition behind Model Ship

Behind Model Ship
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Fig. 63A Measured Cavity Thickness Distribu-
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MP-1  Ballast Load Condition
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MP-2 Full Load Condition behind Model Ship
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Fig. 64A Measured Cavity Thickness Distribu-
tion on MP-2 Propeller Working in
Wake behind Model Ship at Full Load
Condition

DN, HbREBENELIOTRIOMNEELD
N3,

6.2 MEZLEIES .

&3k, HEMREE 74 ¥— -« 4 v ¥ 28 TOE
RC KOS NWAEFHENL, $+rEF—va VR
B UThhid £ ORIBODHERE KCEEHD TR
MG —ETBEEL ONBY, KEHITRE, FE
OEXEEMRE, EAEFROERNE—HIEELN
Bhotc, COEEELTR, BEERDEN, ZHE
Ehsre5 7 4 v EOBRIRRED, T 2 EBFR D
i X BIRE E — F O&L, Wall Effect 78 E0EZ 5
NB, TYMHTD Blade Frequency O—REEMT
LT 22D peak EMEHHIE N2, € D ERE
LT FRBELe S8 (REI0mm) ThHY, B

41

Behind Model Ship
MP-2  Ballast Load Condition
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Fig. 64B Measured Cavity Thickness Distribu-
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MP=-3 Full Load Condition behind Model Ship

085R 09R
0°

o r‘U"l
@
"

>

o qu‘

Eq8

oé

TE.

MC. TE
0.85R 0.8R
5 5
T T
a
1 L
0 MC, TE. 0 MC.
——Laser
& Pin
095R 09R
sk 8=20° sl
T T
I
o &
o MC. TE. 0 MC. TE.
085R 08R
5 5F
T T
1 1
0 MC 7€ © MC
MP-3 Full Load Condition behind Model Ship
095R 09R
08=40°
5 5
mmt /\\ T (Y
&
AN | S L
0 MC. TE. 0 MC. TE.
085R 08R
5 5f
T T
L : ,
0 V3 Te © v
—Laser
A Pin
095R

sl 0=60°
t Ldij‘
0 M IE.
Fig. 65A Measured Cavity Thickness Distribu-
tion on MP-3 Propeller Working in

Wake behind Model Ship at Full Load
Condition

KEBENICHT B A+~ —F8 2 oy b Uiz, B
BN TOEBENO—REFBEL M5 hTH 3
IS, AF=2—ABRKEES &E%ﬁﬁ@cﬁyﬁhénn
BEE-oT03, Uhl, ZIRESRPPER BHE
ERNT, KERMELSTEEEHRT S &, BEWERT
BHEYEN—BERLTNS, KT, MP—27n
RFEDNVTREL~H LT3,

(196)

Behind Model Ship
MP-3  Ballast Load Condition

095R a=0° 09R

-
| g

T T
0 2 . R S .
LE. MC. TE. LE. MC, TE.
085R 08R

Behind Model Ship
MP-3 Ballast Load Condition

095R g _,00 09R
mm
5 Sf
T o T A
s 4 . o 4
1E. MC. TE. LE. MC €
Q85R 0.8R
Sp 5
T T
o . A M ;
LE. MC. TE. LE MC.
Laser
A Pin
0%R g g
5]
T -
E MC. TE.

Fig. 66B Measured Cavity Thickness Distribu-
tion on MP-3 Propeller Working in
Wake behind Model Ship at Ballast
Load Condition
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Fig. 66 Circumferential Variation of Cavity
Volume for Three Propellers Working
in Wake behind Model Ship
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Fig. 67 Comparison between Calculated and
Measured Single Amplitude of Fluctuat-
ing Pressure Induced by Three Propel-
lers in Wake behind Wire Mesh Screen
at Full Load Condition (Ist and 2nd
Blade Frequency Component)
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Fig. 68 Comparison between Calculated and
Measured Single Amplitude of Fluctuat-
ing Pressure Induced by Three Propel-
lers in Wake behind Model Ship at
Full Load Condition (Ist and 2nd
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Fig. 69 Tip Vortex Cavitation shed from Two
Kinds of Propellers (MP-1 & 3 Propel-
ler ; ©=40°, Full Load Cond.)
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Fig. 70 Aspect of Rear End of Cavity on a Highly
Skewed Propeller (MP-3 Propeller ;
©=20°, Ballast Load Cond.)
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