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On Pressure Fluctuations Induced by Cavitating Propellers
—Basic Experiments and Examples of Reduction Method of

Pressure Fluctuations—

By

Yuzo KUROBE & Takayasu UEDA

Abstract

It is well known that the unsteady cavitation induced by a propeller working in a
non-uniform flow increases remarkably the pressure fluctuations on a hull surface above
a propeller.

Theoretical and experimental studies for estimating the pressure fluctuation under the
unsteady cavitating condition are not a little reported.

From the fact that marked variation in cavity volume on a propeller blade causes
large pressure fluctuations, it is firstly needed to know the cavity geometry. Therefore,
in this paper, the thickness of cavity on a blade were measured by the two methods,
that is laser scattering and pin methods. Then, the calculated pressure fluctuations
taking account of the measured cavity volume are compared with the measured values
and an availability of the calculation method proposed by Huse is discussed.

Finally, examples of the experiments which were performed for the purpose of reduc-
tion of pressure fluctuations in using the tip unloaded propeller and the highly skewed
propeller are presented.
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Table 1 Principal particulars of model
propeller—M. P. NO. 123—

Diameter (m) 0.250
Boss ratio 0.180
H/D at 0.7R 1.264
{Pitch distribution) (variable)
Expanded area ratio Ap 0.800
Blade thickness ratio t/D | 0,050
Number of blades 2 6
Rake angle 7.5°
Blade section SRI.a
J
MARKS
0 2t/p=0,20
A 0,16
o 0,12
v 0.08
° 0,06
—— —= CALCULATION
2t/D=0.06
0.08
0.12
0.16
0.20
N __STARBOARD
PORT T L s
Y/D

Fig. 11 Pressure fluctuations induced by
appendage fixed on propeller blade
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Fig. 12 Pressure fluctuations induced by
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Table 2 Test conditions—M. P.NO. 123—

a) Steady Cavitating Condition

T,NO. 1-1 l 1-2 | 1-3 l 1-4
n (rps) 20.0

J 0.5

K¢ 0.462

on 4.22]3.26] 2.41] 2.09
a/as 0.6

ow (°C) 27

b) Unsteady Cavitatin9g Condition

T.NO. 2-1 |2-2 I 2-3
n (rps) 15.0

KT 0.357

on 4.81‘4.08]3.34

a/as 0.6

8w (°C) 27
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Fig. 13 Cavitation pattern—M.P.NO. 123, steady cavitating condition—

(54)




by by

Laser Pin OB
O—9 4,22
b-—--h 3 .26
O——a 2.41

V—-—w 2.09

Cavity thickness

50 mm
1/4 MC. 3/4 c

Fig. 14 Cavity thickness—M. P.NO. 123,
steady cavitating condition—

EOFRTHBEELORWERY © HE, BEHE
line source TE &#1% %5 Huse OFF B i X 0H]
ARIEEE TEBENEZHETE5LE54 %,

2.1.2 FyEF—va VILKAEHESN

EEFyEF—va VICXDFERINIEBEC
DT, TOWHEERN, Ik 2ZEHENEH
B U7,

FRELI7u<5t M.P.NO.123 T&k 1, Table
2ICRTEE+ v EF— ¥ a VIREETOESE 25
Wllco BELF»EF—v g ¥4 — % Fig.13
KRS ¥ EF—va YOEISHE, HEEES
O—NC L DBERI NI L —F D FrEF 1Tk
BEEAFIF Uic L —F —B@EIED & o5 RBE L
TV ERA B FEIC XA Ui, dtHlis, v—
W — BEHETIR0.95R, 0.9R B LU 0.8R Lo1/4,
1/2, 3/4B XU A4 BEZEMNETHD, €Ik
HTi20.95R D1/2, 0.9RD1/3L3/4B LT 0.8R O
VARZRMETH S, FHAIL ESH5H% Fig. 14
IORT, BEENOFHEETR, v —F—BXUE VI
K ARiEHAEE TR SO RER VWYL B, Fig. 14

55
PRESSURE SIGNAL

7t/D=0.16 X/D=0,Y/D=0
steady cavitation J=0.5,0n=3.26,n=20rps

+
20mmHg [

Appendage J=0.5,n=15rps

+
10mmHg [

—

1 rev.

1 rev.

MARKS
Kpi O Steady cavitation
A Appendage

Fig. 15 Comparison of pressure fluctuations
induced by steady cavitation and
appendage—M. P. NO. 123—

MARKS

EXP. CAL.
2t/D = 0.16 0 —-— J=0.5,0n=2.41
¥.P.NO.123
A —--=~ J=0.5,Appendage
deg.
10 116 N
20 8,//’/
8_—
PORT o~ , STARBOARD
-0.5 a / ] 0.5 ¥/
- -20
o
-40

Fig. 16 Phase relations—steady cavitation
and appendage

KRS B KA 2 FHEIC X 3FAEDZER/NS N E
EXB, B¥+EF—va VEMOBARFYET 4
FKEMBBEENCIRY, V—HF —ICLBFHADTE I
126

1535 NIABENBED 1 fleftioBas &b
ic Fig. 15 IC/RT, EHEFrEF—va v & REL
e RS X BEFHENEIR, FmEd0c7
05 KA Y & FRICIE K EISRICHEYD T OIS
Thb, EERFROMMEELS Fig. 16 K Ao n
5 EHIINI0EEA LRI, FIERBREIZIZ—H

(55)




56

KPs MARKS

J=0.5 ,4.0.09 O Non-Cav.
w016 /| N A oaba22
3.26

2.41

2.09

CALCULATION
| N N N 1 STARBOARD
0.5 Y/D

Pressure distributions—M. P. NO. 123,
steady cavitating condition—

LT3, ZEESIRIE D blade frequency D 1%
1R Kpe OEGRFFIOME% Fig. 17 1CRT, &
HAE & EREOBRIZ T v~ 5 iITAHIM 2 EUS 3 78
SERUMHREZRLUTE Y, FHEER Kpe O B

J=05,2t/0 =0.16

MARKS
KP() X/ Y/D
0.10 o— o 0
[ A— 0 0.125
----- CAL. - ¥/p=0

Y/D=0.125

0 1 1 1 1 L 1
0 1 2 3 4 5 6 cmMs
CAVITY VOLUME
Fig. 18 Relations between cavity volume

and pressure fluctuations—M. P. NO.
123, steady cavitating condition—

THEMEL D 5 DOIIBRTH D, FHMED LRSS
DIEMFMERF + EF— v a VIR on DI
IF P EF 4R 2 —sDHMEHICHLDY, T
DEMZRERFRTH S, IS NIcF » EF 4R
J 2 —aLHRIED blade frequency @ 1 K5 Kpe
DOBEfE%E Fig. 18 IRy, KEME & HEMEDE NI
FrEF4RY 2a—2PBKREBBRDONKICIE-T

DISK M.P.NO.123 M.P.NO.123
APPENDAGE © APPENDAGE CAVITATION
Xp
J=0.5 J=0.5, on=2.41
1.0 p
volume center volume center
Kpé 0.86R Kp6
0.5 | 0.5 0.5
l MARKS
L A\ EXP. CAL. X/D Y/D
O ——— 0 o
A 0 -0.125
L: distance from
0.1 - 0.1 k 0.1F volume center
. to press. gauge
0.05F 0.05F 0.05 \
0.02 0.02L 0.02L
[ R X I | [ |
30 50 100™ 30 50 100" 30 50 100™"
L L

Fig. 19 Effect of distance on pressure fluctuations—uniform flow—

(56 )




57

W MARKS

LOp 2058 mesnat

0.9
0.8

0.7
0.6

0.5+
0.4 L

0.3
0.2
0.1

" L . s
180 240 300 0 60 120 180 pec.
BOTTOM Top 8 BOTTOM

6K = 4.81
6 =4,08
én =334
9= 337° 8= 35° 9 =17° g =|37° Q=5

Fig. 21 Cavitation pattern—M.P.NO. 123, unsteady cavitating condition—

5o AGENRIBOF v EF 4 F Y a—2ihlih o JEJJbd 2 O KEGIDSF + € F 4 Ze—SERB DT &
OYEEIC K BZALD 1 FlE, MEKEL Ta s LTcB & DEBNES & BISH L L EMbind,

B4 &2t Fig. 19 1CRd, EEE, et 2.2 EREF+ETF—2avItLBEHEN
PEEED 2.2 D5 SFEICITZRHFIL THRE L T JEEEF» 5 — v a VICXBEEFENICONT,
%, ZOMEAEPEN, HERREE ORBERT -7, ERL

HULEORKRPS, EXF+ET—va Vick LS 72785k M.P.NO.123 TV, RE—Fidthl
(57)




58

MARKS
BY  BY
Laser PIN KT 6n
o—e 0,357 4,81
A-—--A 0,357 4,08

o——a 0,357 3.34

8=337° 6=357
«0,95R
2 mm
3§ 5T
5 [
P — & O
,% 0 Z \\‘ \l
[SIE] 50 mm 50
174 MC 3/4 C 1/4 MC 3/4 [of

0.9R 0.9R

o .

5 s

0.9R
5T
u
L&*’"“‘
A~
0 : LN N
0 50 mm

50
1/4 MC 3/4 C

/4 M 3/4 ¢ e owe a0 ™ /4 Mo 34 ¢
0.8R 0.8R 0.8R
mm mm mm
5r 5 2 L‘ 5
= o - O
0 - N 1. JQE E.E\\ T , 0 =% ! ! 1o R .
0 50 mm 0 1/4 uc 03,4 ™ 0 50 mm 0 50 i
1/4 MC, 3/4 c 1/4 MG 3/4 c 1/4 Me 3/4 c
0.7R 0.78 0.7R
o .
5 5 5
" Y = -
0 L A L 3 ole== R L ] o T
0 50 mm 0 50 mm [ 50 mm

1/4 MC 3/4 o} 1/4 MC. 3/4

Fig. 22 Cavity thickness—M. P.NO. 123, unsteady cavitating condition—

D3 1ETHRREHEM 2 v —DHREER LA v
YR ) —ViIC KD REX R, M Fig.20
1T, EERIREEA Table 2 b) IT/RT . %4 DIR
RBlcdaFryE5—va vtg—v% Fig 21 i,
EEFrETF—va YOBEALHBC, Ly —HE
HEE kA HETHRAILIF y EF— v 3 YOE
A% Fig, 22 1T, ¥+ EF 18 ) 2 — LADul;
MBI L B4(L% Fig. 23 1IC395

S NI EBENEEG Fig. 24 K349 1
blade frequency O 1 &KERAI7ZH T BKES b,
EHFrEF—va VICKIZEBENWIEE T
KUTWB, AFEBTIR, F+E5—va YOREIKE:
PEBOMTRBIEROLTH-7OT, FEHICHEN

(58)

WD OND, ¥y EF—va ¥ ORKEDEROMK
FHBUWEAR, BEOEhbREN, BEOLS
#FmDAARZS kIR Fig. 25 WRd & SiC, EESF
Y EF—va VOBEIDELUINTIES,
Z;1D=0.20 \ B 5 EEMFADOIRKIED blade
frequency @ 1 &5 Kpe OFEEFERE% Fig. 26a)
i, BSR4 Fig. 26b) k4, Fig. 26b) O
ATEAE, RE—PTF 5 —va VERELT
WSRO EEME (Fig. 26a) OO®HD) @ JEEH
FrEF—va VICXBEBENE L T Huse OF
B X33 EMEMNEEER L TN ETH S, &
BEREBREE LT, Ky OBKETEy EF—
va VIR¥ on=4.81 DK 46% K, on=4.08 DEs3




CAVITY

VOLUME
M3

59

MARKS
O én=4.81
a 4,08

o 3.34

STARBOARD

TOP

Fig. 23 Variation of cavity volume—M

PRESSURE SIGNAL
Z2t/D=0.20 X/D=0,Y/D=0
KT =0.357 on=3.34

+

20mmHg

1 rev.
Kpi
0.12r
MARKS
0.1lo0 o KT=0.357,\ n=3.34
[ A steady cavitation
J=0.5,0n=2.41
0.05p
0 L n
[4 iz 18
2 3 B.F,

Fig. 24 Example of pressure fluctuation
—M. P. NO. 123, unsteady cavitat-
ing condition—

%N ou=3.34 O} 25% INCTH Do K, dFRHIC
BOTRF» EF— v a VRO X S IRIEDE
WDBELULAE W, COERE UTRDIEDBEZL D
N5,

1) EEuc X AEABE TR, KRiCLDGoNK
FEBTEDEE & O EKEIA/ NS HDT, #HKRIED 1

100 pee,

.P.NO.123, unsteady cavitating condition—

MARKS
EXP. CAL.
O ——-- Ky=0.357,0n=3.34
A steady cav.

J=0.5,0n=2.41

—_—— ——

STARBOARD

Fig. 25 Comparison of phase relations under
the unsteady and steady cavitating
conditions—M. P. NO. 123—

KIER OB TRART2TH 5,

RIS D ERZ S O % Fig. 274C, HIEkK» 5
KdIARIED D% Fig. 28 WRT, FHEMEITEREL
&R UCE BT R Ky ORKETHF » E5F
— Va3 VIR on=4.81 DIU%K, on=4.08 DI
4%/ 0n=3.34 D 19% /NTH Y, FHEMEE D&
VI L KRS DOBE LD NEIS > 72, UL, FHEH
KBWTF ¢ EF — v a VRO L 2 IRk oz
i* Fig. 26b) &HBIKRE LTINTH B,

2) JEEHFLETF—va VOBAEFLET 4 &R
) a2 — AQREIEMRDIFEE B0 TERF +» EF
—va YRXAEHENMEDOR LD, F+E7 4K
)2 —LDXDFEMSERNSULE T H 5, KERT
13, ABYE IR U TSR A5 2 I IEHISR

(59)




60

Kpe
kr=0,357 { 0.15 HARKS
ZT/D=U.2U @ non-cav.
O on=4,81
A 4,08
= oo 3.34

" PR 1 _STARBOARD
=0.5 0 0.5
¥/

Fig. 26a) Amplitude distributions of pressure
fluctuation (measured)—M. P. NO.
123, unsteady cavitating condition—
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Fig. 26b) Amplitude distributions of pressure
fluctuation (calculated)—M. P. NO.
123, unsteady cavitating condition—
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Fig. 27 Comparison between measured and
calculated pressure amplitude of
higher order of blade frequency
—M. P.NO. 123, unsteady cavitating

condition—
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Fig. 28 Comparison between measured and
calculated pressure amplitude—M.
P.NO. 123, unsteady cavitating con-
dition—
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Fig. 29 Vibratory mode of cavity volume (assumed)
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Fig. 31 Pressure fluctuations (calculated)
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Fig. 33 Distributions of PM1 and PM2
(calculated)
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Fig. 34 Effect of distance on pressure flu-
ctuations—M.P.NO. 123, unsteady
cavitating condition—
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Table 3 Principal particulars of model
propellers—PS & 92 series—

a) P S Series

M.P. PS-1 | PS-2 L PS-2M
Diameter (m) 0.2389
Boss Ratio 0.179
(H/D)at 0.78 | 0.679 0.729 I 0.719
(constant) | (variable) (variable)
Ap 0.610
t/D 0.0564
z 5
Rake Angle 70171
Blade Section MAU NASAM NACAL6
a=0.8 a=0,8
b) 9 2.Series
M., 9 2 R KR
Diameter (m) 0.250
Boss ratio 0.180
(H/D)ato.7r 1.000 1.000 1.030
(variable) (variable) (variable)
Ap 0.650
t/D 0.050
2 5
Rake angle 10°
Blade section MAU
M.P.NO.PS-1
PS-2  —mmmmmee
/R pPS-oM  — -——
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Fig. 35a) Pitch distributions—PS series—
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Fig. 35b) Pitch distributions—92 series—
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M.P.NO, P S-1

M.P.NO, P S-2
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Fig. 36 Wake distributions—PS & 92 series—
Table 4 Test conditions—PS & 92 series—
series M.P. Zt/D n(rps) Kp [ u/ns Ow(°c) condition
PS-1 0.197] 1.89
s ps-2 | 0.2 | 250 | o.194| 1.88 | 0.4 | 25 BALLAST
PS-2M 0.190} 1.84
92 0.192| 3.32
2.21
92 94 0.12 | 220 | 0.181]3.13 fo.5 | 20 1.50, &
2.09 FULL (0, )
95 0.192{ 3.32
2.21

[

°

=13

~

Q=

0 °

Q=

20°

T

Q=40 °

Fig. 37 Cavitation pattern—PS series, Ballast condition—
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Fig. 38 Effect of pitch distribution on pressure fluctuations—PS series—

BALLAST CONDITION
MARKS

9 O— PS-1

2t/D=0.12
Leo - pS-2

O—-—ps-2M

DOWNWIARD . . UPWARD
-0.5 0 0.5

x/D
Fig. 39 Longitudinal distributions of pressure
fluctuations—PS series—

PRESSURE SIGNAL X/D=0, Y/D=0

PS-1
+ MARKS
20mmHg [ Oa—— ps5-1
- &=~ pg-2
ps-2 Kpi O -~ PS-2M
0.10
+
20mmHg [
- 0,05
PS-2M
+ 0
2°’“’“Hg[ 1 2 3 B.F

Fig. 40 Pressure fluctuations—PS series,
Ballast condition—
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Fig. 41 Amplitude distributions of pressure
fluctuation (2 Xblade frequency)—
PS series, Ballast condition—
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M.P.NO. 9 2
M.P.NO. 9 4
M.P.NO. 95
8 = 340° 9= 0" 9=1 20" 6= | 40" 8 = &0°
Fig. 42a) Cavitation pattern—92 series, Full load condition (oro)—
M.P.NO. 9 2
N.P.NO, 9 4
M.P.NO. 95
0 = | 310 o=]0° g9 =|20" g=| 4

Fig. 42b) Caviation pattern—92 series, 1.5 ono condition—
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Fig. 43 Effect of pitch distribution on pressure fluctuations—92 series—
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Fig. 44 Pressure fluctuations—92 series—
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I KIBICBA LT3, EBEHRIEERb 20
xS LT 0, M.P.NO.94 DIRIEN—B/NX L,
HEEIREE T 12 IR 1§ blade frequency @ 1 &R k5>
Kps OBAMHET M.P.NO.92 3 X0 M.P.NO.95ic
HBLTZ2hEN 1288 L U5 DR, 1.50m0 1R
BTRENENBEE LPOBORDTH - 7o, iH
RETROTNO a5 BT+ EF—v 3

YOREBHEMKEL, v FAHOEFICLE++
V5 — g VAOEEMNS S - fclcd, BEER
ANDEHE/NSIL oL BbNE, EEEHEED
1 %% Fig. 44 IKRT,

(1), QOERRICKL-» TRE[ADE y FEBDIH
L2EITLD, ¥y EF—va VOREERBXZ, B
BESEBDIES B EBUELIN, UL, 7
BRFDE y FAHOEEIC X BEETHORBES
HEETERNICHET BiciR, FrETF4 Ry a—
LADBEELESLF » 7 — ¥ a Y OFEMS RS
PETHS, SHETHFrETF—va YIRS RE
TREAD, F+EF—va VOREBHHINELT
b, ZOREEIMPHERERSEESEACE, BR
HRBIARTARLEDENRBTHAH,

3.2 RFa—iNy YOS

A¥a—fH 0 2 3HEEH 0:=4.4° (6%X+=
=), 0:s=36° (B0%BAF=2—) XU 0:=72° (100%
RFa—) B{LEEI200 ) —XDF a5 EFEH
Ltz #DFEH% Table 5 IRT, SR-174 &4
KB THERROBEEKER 7 o~ 5 FIic#st
INfc 59 ERJEE LT Highly Skewed Pro-
peller i 2HERICHRFINIbDTHY, o
25 HEHAERRA T o5 & SIFIRRAEORENIES

Table 5 Principal particulars of model
propellers—200 series—

M.P. 200 ] 201 I 202
Diameter (m) 0.2457
Boss ratio 0.1512

(H/D)at 0.7F 0.8941 (constant)

A 0.549

t/D 0.0456

b4 5

Rake angle 10° 1° -9°
Skew angle 4,4° 36°(50%) 72°(100%)
Blade section MAU

Table 6 Test conditions—200 series

M.P. Zt/D n(rps)| Kg

e a/a condition

n S OW(OC)

200
201
202

0.192

4.09 FULL

200 0.204 20.0

201
202

0.181

3.07 BALIAST

0.6 27
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Fig. 45 Wake distributions—200 series—
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M.P.NO. 202

M.P.NO. 202

Fig. 46b) Cavitation pattern—200 series, Ballast load condition (Kr=0.181, ¢,=3.07)—
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Fig. 47 Amplitude distributions of pressure
fluctuation—200 series, Full load,
non-cavitating condition—
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Fig. 48a) Amplitude distributions of pres-
sure fluctuation—200 series, Full
load, cavitating condition—
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Fig. 48b) Ampiitude distributions of pres-
sure fluctuation—200 series, Bal-
last, cavitating condition—
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Fig. 49 Pressure fluctuations—200 series, Full
load, cavitating condition—
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Fig. 50 Amplitude distributions of pressure
fluctuation (2xBlade frequency)—
200 series, Full load, cavitating
condition—
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Fig. 51 Phase relations—200 series, Full load
condition—
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