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Prediction of the Fluctuating Pressures Induced on Ship Hull by a Propeller.

(1st Report: Experimental Study)

by

Chang-Sup Lee* . Ki-Sup Kim* . Jung-Chun Suh* - Jong-Soo Choi*

Abstract

This paper describes the experimental method to predict the propeller induced fluctuating pre-

ssures on the hull surface.

Cavitations of the three model propellers with varying degree of skews, 0°, 36° and 72°, were

observed and the fluctuating pressures induced by the cavitating propellers on the flat plate above

these propellers were measured simultaneously at 9 points in the wake field generated by the

wire-mesh screens.

Another model propeller designed for the dummy model ship was tested in a similar way behind

the dummy model ship.

The effects of skew variation on the cavitation patterns and fluctuating pressures were illustrated,

and the influence of tip-clearances on the fluctuating pressures was also demonstrated.

As a result, it is shown that the level of fluctuating pressure and cavity extent could be controlled

to some extent by introducing the skews and tip clearances:

7| k=4

Ar/Ao, Expanded area ratio

Breadth of a ship at design waterline

Block coefficient of a ship

Propeller diameter

Advance ratio based on ship speed (=V./aD)

Advance ratio based on propeller inflow velo-

city (Vo/nD)
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Pressure amplitude coefficient (=P/(n2D?)
Pressure amplitude coefficient of Ist blade fre-
quency component (=P;/pn?D?)

Propeller thrust coefficient (= T/pn?D?)
Propeller torque coefficient (=Q/cn*D?)
Length between perpendiculars

Length at design waterline

Propeller revolutions per second

Pressure in fluid at any field point

The i-th order harmonic component of pressure
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P, Vapour pressure

P. Pressure at depth of the shaft center at upst-
ream infinity

P/D Pitch-diameter ratio

4P Single amplitude of pressure fluctuation

Q Propeller torque

r Radial coordinate of blade section

R Propeller radius

T Draft of a ship

T Propeller thrust

T.C. Tip clearance to flat plate above propeller
U Free stream velocity

V. Inflow velocity in propeller plane

A Ship speed

w Wake

0 Mass density of fluid

nor Cavitation number at 0.7R based on #%(=(P.
—P.)/ §¢n*D?)

© Phase angle of the i-th order harmonic (or

blade frequency) component of pressure fluctu-

ation
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KIMM PROPELLER 808 (DUMMY MODEDII_A (::\HI)DAP;I'GED PRQP), BLADE

EKEV(DEO) l7

NO. OF BLADES 4 RAKE b. l'

AE/AD 8.68 RH/R0 8.20
P/D AT .7R 8.873 NACA 88 MOD. SECTYION

é 20 A= 8-HEAN LINE
. 2. 808
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XP. BLADE ) PROJ. BLADE PITCH/D
Fig. 1 Geometry of the propeller KP008

DIA.(CO 25.98 SKEW(DESY ©.08
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EXP. BLADE PROJ. BLADE PITCH/D
(a) KP068

Fig. 2 Geometries of the skew-series propellers
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Fig. 2 Continue
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Fig. 3 Open water characteristics of the propeller
KP008 in the towing tank
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pellers in the towing tank
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Fig. 5 Aft-body plan, stern and bow contour of dummy model
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Fig. 6 Wake (V./V,) distribution simulated by wire
mesh (KW005) in plane of skew-series pro-
pellers (looking downstream)
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Fig. 8 Comparison of the simulated wake by wire
mesh with the model ship wake in the cir-
cumferential direction
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Fig. 7 Wake (V./V;) distribution simulated by wire
mesh (KW006) in plane of the propeller
KP008 (looking downstream)
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Fig.. 10-a Cavitation patterns of the propeller KP068 (Kr=0.202, n=20rps, ono.72=2.592)
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Fig. 10-b Cavitation patterns of the propeller KP069 (Kr=0.202, »=20rps, Tno,7r=2. 592)
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Fig. 10-¢ Cavitation patterns of the propeller KP070 (Kr=0.202, #=20tps, 0a0.1x=2.592)
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Fig. 11 Experimental apparatus of dynamometer
(H41) and positions of flat plate and pressure
transducers
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Non-cavitating condition Cavitating condltion

Fig. 12 Measured fluctuating pressures induced by
propeller KP068 on flat plate

P
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Cavitating condition

Non-cavitating condltion
Fig. 13 Measured fluctuating pressures induced by
propeller KP069 on flat plate
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Non-cavitating conditlon Cavitating condition
Fig. 14 Measured fluctuating pressures induced by
propeller KP070 on flat plate
Kp
root ——e—— XP(E8

Fig. 15 Spatial distribution of fluctuating pressures
on flat plate for skew-series propellers in
non-cavitating condition (1st blade frequency
component)

3 KP0T08) A §ol $4 (A, Aol el gol 3
(F, FDlASl gkudh 2 dehdeh,

MEGEe A1 A AEFE AYA PET
Fig. 1601 28ch olol olabwl Yuad 4y AZA
Apole} 10° ol 8] A4 @A Abe (2%l M a

R ] - A luz}ﬂ} Fagsl A5E deky 7
A AL ARATL AL AA S8 YR o
G4 TR as

SEE BRI oM A S wE
2 Fig 170 nolvh masel o5 333t Az
qge] Age w1 7} o 20 AR 2 elselE @
A8 el ul el o 41 vl s fAskeh -
o4 MEF o] wma @ FrH(k 2, ole

Aelsfold ghakel Al o 5 glfo] AR ol 4
Fliey)
i Sl (TR
——x KPOCY
= e == KPOI0
Fa0

Fig. 16 Phase of fluctuating pressures on flat plate
in transverse direction for skew-series prop-
ellers in non-cavitating condition (1lst blade
frequency component)

Fig. 17 Spatial distribution of fluctuating pressures
on flat plate for skew-series propellers in
cavitating condition (Ist blade frequency
component)
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Fig. 19 Influence of tip clearance upon blade freg-
uency pressure fluctuation measured on flat
plate in uniform flow for propeller KP069
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