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Research on Highly Skewed Propeller

(2nd Report Propeller-Induced Fluctuating Pressure)

by Shosaburo Yamasaki, Member Michio Takahashi, Member

Masamitsu Oku, Member Masamitsu Ito, Member

Summary

In the previous paper 1), authors presented the results of propeller open test, self-propul-
sion test and cavitation test (cavity extent and thickness) which were performed by using
MAU type conventional propeller (MPNO. 80-3), conventional 90° Highly Skewed Propeller
(HSP) (MPNO. 80-4) and theoretically designed 72° HSP (MPNO. 80-5).

They also described the outlines of simplified method to calculate Wake Adapted Skew Dis-
tribution (WASD) and non-linear lifting surface method to estimate propeller open cha-
racteristics which were applied to MPNO. 80-5 propeller design. The result of propeller open
test reveals utility of non-linear lifting surface method for high efficiency HSP design.

In this report, the test results of fluctuating pressure induced by the above-mentioned
three propellers and measured in cavitation tunnel are presented. Comparing with fluc-
tuating pressure amplitude (1 st blade frequency component) of MPNO. 80-3, that of MPNO.
80-4 is reduced to about 57% and that of MPNO. 80-5 is reduced to about 1294, which reveals
that skew distribution as well as skew angle significantly effects on fluctuating pressure
and simplified method to calculate WASD is useful for HSP design.

Then, authors propose a practical method for calculating necessary skew angle to reduce
propeller-induced fluctuating pressure amplitude to allowable level. The method is based on
Holtrop’s statistical method!® for predicting vibratory hull forces and Holden’s criterion!® for
fluctuating pressure amplitude. Recommendable skew angles indicated by examples of nume-

rical calculation for eight ships are as follows ;
0°~30° skew angle for bulk carrier
40°~60° skew angle for pcc
50°~70° skew angle for container

1 #

mj

MAERBOEFRRE 5 Y e RSEENI<T YV v
7x—A (FTrRXFSOEKRLL - TSRS EBLCNbS
WEDDHERORE— DI EE L, < hyid, &
ZOENUTREBECEDLD ) -7 227 4 -2
(FrRIDERI Y - T/ e X5 EY Ok, fEcin
HEKEEENC X 51 kB Eh5. Highly Skewed
PmmerSRbtk%kx%;~m%ofgﬁﬁgh
Wake Zone % i@l 3 2HMIZLEFHEBLIRS
LRIVRTIVIZT 3R, =T 2 A7 5—R LD

* OB M BT 85 B SR A 1

AT HE R TE, TOPHRIIERIC IR IR
Tnb, BIZIERT YV 77 4 — R 2\T San Cle-
mente Class O/B/O Carrier 0?2 I3 72° A% o —
DR X v #57Z8)» Conventional Propeller (CP)
D 2/5 &, FEELOHED TIE MAU BRI L TR
Fa—% 60°, 90° LT LRIV AT A NEE), b
2RI 2/5, 1/10 12, F-TFTELOHREY i CP
& BT 72° HSP o#t 1/3~1/5 &, fiFe—x
VM 1/10~1/18 WRA L T\hy =7 2 A7 4 —
AWOWTE Cumming HOHED izAxF . —% 0°
b 108 WIS S5y Y7 VT S VAR
10% WA TE S Z L FEZ X, San Clemente Class

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

100 HAEMFSHRYE ¥ 1505
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Table 2 1iR3 o W HH 1004 MCR wHmL T
Wb,

22 REBEHER _ :

REESER LU Ok L IREIRE B OiRIE & (24
BN Ai% Figs.5~10 ixd, Figs. 5, 7, 9 Fh?
;1 MPNO. 80-3, MPNO. 80-4, MPNO.80-5 Di5—k

6 mm, #E 1.2 kg/cm?,

Table 1 Model propeller main particulars

MODEL PROP. NUMBER MPNO.80-3 | MPNO.50-4 | MPNO.80-5
NUMBER OF BLADES 5

DIAVETER m 257.4

PITCH RATIO iozo | vz [ 10w
EXPANDED AREA RATIO 0.730

BLADE THICKNESS RATIO 0.0604

BOSS RATIO 0.1925

SKEW deg.| 16.2° 90.0° 72.0°
RAKE ANGLE deg.{ 10.0° -17.0° -5.00t0.7R
BLADE SECTION MAL modified MAU
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Table 2 Load condition at fluctuating pressure

measurement
UNIFORM FLOW WAKE
MODEL PROP. NUMBER ——
KT Op Ky Iy
0.188 | 1.833 | 0.188 | 1.833
MPNO.80-3 0.188 | 6.531 0.188 | 6.706
0.192 | 1.956 | 0.197 | 1.054
MPNO. 80-4 0.195 | 6.438 | 0.19% | 6.418
0.193 | 1.9%8 | 0.196 | 1.918
MPNO.80-5 0.196 | 6.416 | 0.195 | 6.727
0.010 ZL/9 = 0.272
Kpe k1 o
5 0.188  1.833
———=—=0.188 6.531
0.010
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0.010
0.010
Z
B}
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o L1 1 | |
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| W

PORT (%) STARBOARD

Fig.5 (a) Single amplitude of fluctuating pres-
sure (1 st blade frequency comp.) in
uniform flow (MPNO. 80-3) '

20° 2t/D = 0.272
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] (A) AFT

e | | |
PORT m {2) 2) {3)

{4)  STARBOARD

Fig.5 (b) Phase angle of fluctuating pressuré
(1 st blade frequency comp.) in uni-
form flow (MPNO. 80-3)
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0.20 — 0.005 2 = 0.272
2t/D = 0.272 % o %z R ggh
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Fig.6 (a) Single amplitude of fluctuating pres-
sure (1 st blade frequency comp.) in
wake (MPNO. 80-3)
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Fig.6 (b) Phase angle of fluctuating pressure
(1st blade frequency comp.) in wake
(MPNO. 80-3)

2t/D=0.272

0.10 Kt on
X, 0.197  1.954
5 0.19% 6.418
0.10
(D) FORE
0.10 ] { 1 .|
/i/_\ ©
0.10 ! SN Do~ S
(8)
0.05 L ! | 1 .|
0 L 1 || J
PORT (1) ) ) () (5)  STARBOARD

Fig.8 (a) Single amplitude of ﬁuctuatinng pres-
sure (1 st blade frequency comp.) in
wake (MPNO. 80-4)
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Fig.7 (a) Single amplitude of fluctuating pres-
sure (1st blade frequency comp.) in
uniform flow (MPNO. 80-4)
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Fig.7 (b) Phase angle of fluctuating pressure
(1 st blade flequency comp.) in uni-
form flow (MPNO.,80-4)
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Fig.8 (b) Phase angle of fluctuating pressure
(1st blade frequency comp.) in wake
(MPNO. 80-4)
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Fig.9 (a) Single amplitude of fluctuating pres-
sure (1 st blade frequency comp.) in
uniform flow (MPNO. 80-5)
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Fig.9 (b) Phase angle of fluctuating pressure
(1 st blade frequency comp.) in uni-
form flow (MPNO. 80-5)
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Fig.10 (@) Single amplitude of fluctuating pre-
ssure (1st blade frequency comp.)
in wake (MPNO. 80-5)
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Fig.10 (b) Phase angle of fluctuating pressure
(1st blade frequency comp.) in wake
(MPNO. 80-5)
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QVITATING CONDITION

0.20 — 24/D=0.272
Keg PNO.80-3
______ MPNO. 804
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P
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““PORT ) ) (3} (%) (5)  STARBOARD

Fig.11 Comparison of single amplitude of fluc-
tuating pressure (1 st blade frequency
comp.) above prop. disk in wake

CAVITATING CONDITION

2t/D = 0.272
MPNO.80~3

0.10

————— MPNO . 80~4
————-— MPNO.80-5

PORT ) (2) (3) (4) {5)  STARBOARD

- Fig, 12 Comparison of single amplitude of fluc-
tuating pressure (2nd blade frequency
comp.) above prop. disk in wake

o Ers Figs. 11,12 wird, Fig1113 1 R BESK
B Th Y, Fig.12 13 2 KEIREEES Th Do S bic
7R SEERTORES Table 317R$, 1KREEH
EED O WTIEAF o — DR R Xk h MPNO. 80-4 13
MPNO. 80-3 o 57% 4> L, MPNO.80-5 {3 MPNO.
80-3 D 12% WP L T\wb, 72° A% o —lFD MPNO
80-5 TREBV —FHME A U CEERMT TOWH)
THOBDOZ Y EREL LTWwW3, Lizdis, T MPNO.
80-5 DEMENNLT L b A F 2 —DLDEFE LTV 2
Wi, 90° A o —fFd MPNO.80-4 L H~xCH#1/5
CEALTED, A¥ o —HHOPERDLDREND
DEHEEN D, 2RERBERSCoVWTISLASF
2 —DHEBE HLRDHHN 1 KEHBOET T,

3 MEEBHENEERLAERFL—0O—RTEE

3.1 {5IE Holtrep k[C L ZMETHEHOHT
MR ORI BB T AIREI B R R B BT 5 1
DI, BB S OBL, EMEBKRCESVIHE
EENES OB EETEERD® RREIh TS, 2hbd
TOWTHEAS & ‘
1D HEEOEL O AZ L
2) FrRI7FyFEEOREERED 1 EOMEL %
KEULT BEEIONHFEITITE b2 bhin
(T B3k 13), 14) OFEECIRFED)

Table 3 Comparison of propeller-induced
fluctuating pressure amplitude :
Kpz (Z=5, 10) at a point just
above propeller

MODEL PROPELLER | BLADE FREQUANCY COMPONENT

NUMBER st | 2nd
MPNO.80-3 0.106 0.015
MPNG .80-4 0.060 0.022
MPNO.80-5 0.013 0.012

3 TeRTHEMAMROBCRIZEAEEFTE
7o EDRIENRD 5,

£ L 1T Table 6 ® No.2, 5, 6 Dy PEFENH%
Fig. 13 (a)~13( ¢ JIzim o\ C D&% Table
4R THRETETHE ) DIELOER R BRI B,
Holtrop ¥'"13 42 £E0ERF — 2 LB L &
WICE BRI ERO—ETH DA, TOMOFELES T
ERFHDOT v _FEABR (AF 2=, €y FHhik
E) DEEE L LB LNTED, Lo LEEAOI
X ORDIMRAHOERALIRICL TR D, Thedd
DERRF— 21 HSP 05— 23R T3 5D\ T+
Y EF =¥ 2 VORERPED, SRTHELERLT
Wit WIR EOBEBIZ L D AF o — DEERLTL b4
WEDBZBRTOB LT LR £ TREG L
Fic HSP & A7E 9 BIOEEE I RIRBRE R 12
#S\C Holtrop 30 * + ¥ 5 4 SROKERICS &
NTUHHRBCHERRD L SICBEE LT, }_
C=2, 2(7/R)3 102.92+0.36 (3)
TR 14), 32) KRS TWAEERS

L,
@ shape parameter
BEIER G S WA Vo<, Coffit
Holtrop DfEX h/N&LTensTwb, ¥HBOREG L
LCHigE» b 35% BEROLYBATELZEY, 4
EF —Y 2 VOFRERFEL L TF v €5 —> o VRE
DORLIEAZ 20° B oR 1o, B CHEET DDA
TEENES DEBR{E 4Pz exy &EIE L Holtrop iz
L BHENE APz 001 D% Fig 14 WWRT, R, &
H ARG O W TR REERL TV 5, FBRIEL H#
EBEICALENREDLID DD, EIE L iz Holtrop k¢
BEBEACSTHAF 2 —DFBRIIRBIFEHL D
NTCHBHD L IND,
Table 4 Example of fluctuating pressure amp-

litude : 4P; estimated by simplified
method (single amplitude : kg/m?)

METHOD CON?giI?JER RORD | Bk

JOHNSSON 1,259 1,065 | 1,025
HOLDEN 1,983 770 | 1,267
TANIGUCHI AND TAKAHASHI | 1,049 439 437
MODIFIED HOLTROP 1,895 1,020 400
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Fig. 13 (a) Wake pattern(No. 2,

CONTAINER)
2,500 —
( Kg/m® )} 8Pz,cal
MPNO.80-3
2,000 p—
1,50 —
1,000 =
MPNO . 80-4
MPNO.§0-5
500
APz ,exp
0 l | I l |
2,000(K;x/m? 12,500

0 500 1,000 1,500

Fig. 14 Comparison of single amplitude of fluc-
tuating pressure (1 st blade frequency
comp.) between experimental value and
estimated value by modified Holtrop’s
method

3.2 RFa—ElconT

AR, REPFBBRARCD 50 E 5 »0HECITRE
EENNNETH BN, TrXFEENCI - TR
ZTOEHEEY LI DL IS w55 v FTELEOME
FHED 1 ROEBHENRBELHRIC L CHFBERRED
HEERIRN L OMREI N TV DL T TEELE
Holtrop BRIz X W EB)ENNITH T2 A% o —OHEEE
B35 L L bz Holden 0 AERAE DL Vv THER
BENYHABRRACE I2 5B AF 2 —BEK
»%C LI L7, Table 6D No.2,5,6 OMICoTD
HARAE EEBHESIORIRIE) OFEHI% Tableb
Wt BT ERIC X 2EEENRIEOHTEE & R
ERTHIRDDIELDERD D, ZhbDIELDOEOK
IO LG EBREfOERAEZZE L THAR
FlEYED-FREVWE 3B bh %, 7 Holden
HARFERLBTHENREBCTS50THY, BIE
Holtrop iz X 2B EEIRIBHEEE (1 RBEIREIERK

Fig.13 (b) Wake pattern (No. 5,
RO-RO)

Fig. 13 (¢) Wake pattern(No. 6,
BULK)

Table 5 Example of criteria of fluctuating
pressure amplitude : 4P,,;; (single
amplitude : kg/m?*)

NO.2 ¥0.5 | N0.6
METHOD CONTAINER | RO-RC | BULK
HUSE 850 850 850
LINDGREN AND JOHNSSON 392 145 511
HOLDEN 465 1,180 712
BJORHENDEN 419 699 730

43) LT BT d ST 1 RERBEE 5 e
LERRAEYHE LT b, 2hbo S
LTEREDHET LI RBIREER S OFERFME 4Pz, cri
FEDBZ LI LT

D ZEBHEHOEMUBRLE®EEECLTIR
BREBFRS & &XFHENOREOKE C % 0.4~
0.7 &3 %,

2) {&IE Holtrop ¥ & Z 0D i X A EEIES
RIEDOHEMEOHEES, Holden L ZofinXiz X %
HARFMEOHBE AT C A ED B, To& 2l
f&1F Holtrop BDEENFOMOFER T v/ XL,
¥z Holden ENZDOMOMEL H k& WHE G
=04, FOWMOEE C:=0.7 0 X 3 EDD,

3) Holden OFFAMAME APer & Cs HH T T
APg oy RD B, ,

AT e EEHECRE 7 — 203> T 5 8 I

DWTEROTTE CHBESENZHERARNCE I 2
DIHEIRAF o —lF Psrec HEFHE Lico TORERY
Table 6 i, TR T.C. 13F v 77 V75V ATh
b, APzcp 1% CP OEBENOFIRE (1 AEREK
) TH B ‘
STEMNI8 EL AT, BRIT

BULK DB Psree=0 ~30°

PCC DB Ps ree=140°~60°

CONTAINER D4 ¢s,ree=50°~70°
E s T\ 5,

Fig.15 Ti% No.2, 5, 6 offic oW THE L ZEEIE
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Table 6 Examples of recommendable skew angles

HOLL ENGINE PROPELLER
NO. KIND OF SHIP Cb Vs T.C. BHP x RPM | Z DIA | H/D |APg,crit|aPz,cp | ¥s,rec
(kt) | (m) (ps) (rpm) (m) (kg/m?) |{kg/m?) | (deg)
1 SR138 CONTAINER 0.57 | 23.9 1.95 1 36,000x108 | 5 | 7.17 1.02 650 1,770 56°
2 9,000 DWT CONTAINER 0.71 18.5 1.10 14,500x193 5 4.47 0.81 330 1,895 65Q
3 23,500 DWT PCC 0.56 19.0 1.57 15,500x124 | 5 | 5.70 | 0.93 470 595 540
4 8,400 DWT PCC 0.52 18.7 1.29 9,300x150 | 4 | 4.85 | 0.84 370 760 580
5 1,200 DWT RO-RO 0.52 18.7 | 0.83 5, 100x205 5 3.25 1.01 700 1,020 4°
6 24,000 DWT BULK 0.79 5.2 | 1.24 8,000x150 4.80 | 0.70 360 400 260
7 30,000 DWT BULK 0.78 13.9 1.45 7,000x165 | 4 | 4.50 | 0.62 380 360 70
8 130,000 DWT BULK 0.83 5.5 | 2,10 20,400x 90 | 5 | 7.55 | 0.74 300 125 00
2,500 —
(Kg/m?) AP,
2,000
SNO.2 { CONTAIMER )
1,500 e
SNO.S { RO-RC )
1,000
APz, crit = 700
i
500 }
L EZCraE = 330 7
- N .
!05,:@;; 526 [9s,rec = 41 I = 65° 5
0. ! Lol I L | Ly
® 10° 2P P 4P 50° 60° 70° 80° {deg.) 90°

Fig.15 Example of recommendable skew angle calculation

THRIBCST T 5 A %+ o — DR & H AR FEOBGREY T
LTWw%, BB ER LR F o — OFERRIT
+hd MPNO.80-5 vy Th 5,

3.3 RFa—BHCONT

BEEBROER» CMELBHENCHTHA S o —4
MOFERNEORECT ERHI Lo o TAF 2
—ERETHEAF o — B L AR o -4 L BRE
L7edulie bisve 2 TRETAF o DS
BRZCT D WASD oSt EmcH WA S
2= AMOPRERE LR T, KRIK, B Holtrop #Eie
X No.2,5,6 OfAIc DT A . — 575 L BHETIE
BOBGFEHA, Tic WASD OBt Escy — 7
2 AT 5= ARERBLUTAF o —HAR P B b Iek
DI 1 HBHKRAAS A b LEF Holtrop griz X b3k
DI BEBENIRIE & O T BT,

AF o~ s HEUCTLEEE T O 3RLERTE
b7

¢S=CO+C177+CZ772+C;;7]3
RREL, §=r[R=+ED/2+1—E&)/27
§ot RAM
itk s DER Y v R SEEHHFAIKE % (Fig 16 £

(4>

B)o ¢s o WT TR0 £ iUt

bs=0 at 7=-~1
Gs=Ps i (=B : AF o —y 2) at 7=1
o e (=) At =1
d;;fzs = at 7=1
(5)
camn Le
proPELLER T \IR — Vg 710y

\/\
/
/
/

/,

SHAFT LENTER

Fig. 16 Coordinate for skew distribution
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Fig. 17 (a) Skew distribution
(¢ps=65°) No.2
(CONTAINER)

7etil, ¢y BAWT AF o— 514 & Generator
Line o703/ (Fig.16 £fR),
Co~C3 1T By, By AW TRAD L 5 kKX NDo
00:(5 B,+6 Bz)/]-6
C,=(9 B,—2 By)/16
C,=(3 B,—6 B,)/16
Cy=(—B,+2B,)/16
ek (5) ROFARIBERGECORAF o —HOXE
EEIABREREL bR E SRS &ETH D,
BHAF =y 7 $sp o T Gy FERLT
¢s wEHETIE (4)~(6) R D AF 2~y 7
—EDOELETOELDAF o ~HTHRE 5,
WICAF o —lF Ps WOWTELBE Ps 1T
‘f;s:¢3,t for ¢, <0
‘58:¢s,t_¢s,min for §bb >0, (.i’s,tzo}

(6>

(7)
727U, Psmint —1<0<1 TO ¢s OFRME
THhbBo & 2T Psmin X ED V% Tin & EZHE Tmin

43
. _1__2 +/3B*—8B,B,+4 By*
Tmin=1="7g B,—2 B, (&)
rieh, chk (4) RCRATHE omn WEHIC
RED,

HBHAF o —lF Fs TOT Py HHEZ T (7) K%
BT By B3k, bt (4)~(6) Rk ¢ %
HETIE ¢ 2EFTHI LR L 5 TAF o —F—F
DEHETOFEADAF o —HFNKE Bo

HEAF - E L TERN AR BB I 51

déy
>
an =0 } (9)
Ps<ps.: <0
DE&MHR 5L T B, OEE (Tichb ¢ OHE) %
- 3{23 ésSBzg‘g(—ﬁs (10

Skew distribution
(Pps=41°) No.5
(RO-RO)

Fig. 17 (b)

© 2%.2° 4120

Fig. 17 (¢) Skew distribution
(ps=26°) No.6
(BULK)

2,000 —
(Kg/m?) APz

1,500 r—
SNO.2 { CONTAINER }

1,000 —

SNO,5 { HO-RO )

500 — SNO.6 ( BULK )

o Ll | ! 1 ! |

~40° -20° o° 20° 40° (deg. )60°

Fig. 18 Effect of skew distribution on fluctuating
pressure amplitude (1 st blade frequency
comp.)

E LT,

Table 6 © No.2,5,6 DRITDOVTAF o —[E—ED
GHTRDIAF 0 Dk Pp AT 2—2L LT
Figs.17 (a)~17 (¢) 1WiRT, 7 E A F = —EIXAIEI O
STETRDIETH 5o

EHRINBEDAF o 5% AJIL CTEIE Holtrop
Bl WVRBEEBENRELYHE L. TOKEL b
wRENC L 5 T Fig 18 iRd, AMRI D A% o —4>
ORI HE TE 5,

vz WASD offiFEHE tE TIi% top position f}3fC
HUBRAATF A P ERNCTHEETAY o —HHi%
RDTNB, TOFENRY =7 2 A7 3 — A% THF
BHLEDAF o —HATHRDDHFEE L THEYME 5D
R B b1 WASD oL E o F CtRd 7 top
position fETCEUABEBAAT A+ Timax & AF = —
HHOBEFRE L OMEIE Holtrop iz X b R D -EZE
BESIRIE 4P & A% o« — A OBHREHE L1,
(4)~10) XE BT A* = —1IF 72° —EDLEMHT
MPNO. 80-5 DA F o —HMHER L THAHERE A
F o —HDIRTT AT A — & Gy HEEERICE » T Fig. 19
R TFIZ 19 2B A ¥ o — DA DOZLIH T D Timax
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Fig. 19 Comparison of the effect of skew dist-

ribution on fluctuating pressure ampli-
tude (1st blade frequency comp.) and
maximum value of fluctuating thrust
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