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A Research and Development of PBCF (Propeller Boss Cap Fins)
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Summary

It is well known that a screw propeller generates free vortexes called tip vortexes and a

hub vortex in its slipstream.

In this paper, PBCF (Propeller Boss Cap Fins) which diffuses

and weakens a hub vortex by changing the flow near by propeller boss cap is proposed in
order to enhance the efficiency of ship’s screw propeller.

The research and development of PBCF was carried out through Flow Visualization,
Propeller Open Test, Self Propulsion Test and On Ship Test to make the PBCF practical.

As the result of various experiments,
approx.

2% in self-propulsion efficiency of 7m Model ship and gains of approx.

gains of 3 to 7% in propeller efficiency, gains of
4% in

terms of power output on 44,979 Gross Tonnage PCC “Mercury Ace” were obtained. These
data lead us to believe that PBCF can be excellent energy-saving device with its simple

structure.
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Fig.1 Concept of PBCF
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Table1l Particulars of Model Propellers

Model Propeller No. CpP24 CP25 CP26
iameter (nn) . 220 220 220
itch Ratio 0. 0 .2
eveloped Area Ratio 0.55 5 .55
oss Ratio 0.18 .1 .18
lade Thick. Ratio 0.05 .0 0.05

Blade Section MAU AU MAU

3lade Ho. 4 4 4

without PBCF

with PBCF

Fig.2 Hub vortexes visualized by dye
injection method
(n=38.0rps, J=0.8)

F o ZANTEE > T BTe®D, FRLIFRTCHRESh
TWBDIL M5,

K[IEEAER X A EEE % Fig 312/R T, = Dl
OB S r_351 CP 25 (Tablel &) #{FEH L,
PBCF (3 Table 3 » CP 25-1 #{&f Lico
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without PBCF

with PBCF

Fig.3 Hub vortexes visualized by air bubble
injection method
(n=7.5rps, J=0.7)
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with PBCF
Fig. 4 Flow visualized by tuft method

(with/without PBCF)
(n=7.0rps, J=0.8)
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Fig.5 Tuft arrangement
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Table 2 Characteristics of Propeller Open
Test Instrument

Thrust Torque
Max. Capacity 10 (Kef) 0.2 (Ke-m)
Zero Balance +0.002 ( % F.S.) £0.05 (X F.5.)
(8No LOAD)

Linearity +0.015 (X F.S.) *0.1 (X F.S.)

Sensor Type SH-10 $5-20
(Strain gauge) (Phase differential)

Maker Inter face Ono Sokki
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Fig.6 Wake distribution by Open Test Boat at the
propeller position
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{7, (PBCF ) [1,(PBCF &) —1} X100
SEER Lic 47, 13, ThZhovy Fhor e~
SERNT, BEO S r_7HRESEORERE ()
ERWTD dyp OfEE LTz,

CheDF— 205 bbb dr, HAEL CP 26-1
CWT D7 v 1T BMERMES Fig 9 wRT, o
BT, PBCF By s KQ »Ee L, KT »3f
L, HBRELT 7, bWITHEWI Bkt -> T
Bo DT —2%RTH, HRAEOTEELRL DL, K
fEoXRMMED B b 0D, KERFOEMERL TV 5,

Table 3 Particulars of PBCF and test results

Test No. a b a r/R |Configura~| Anp J
(aw) | (am) (deg) tion %)

CP24-1 10 7 63 0.23 C 3.93 | 0.6
24-2 10 7 57 0.22 C 2.32 | 0.6
25-1 11 1 55 | 0.25 C 3.84 | 0.8
26-1 10 5 66 0.23 C 7.66 | 0.9

T
~|

Fig.7 Installation of fins

B) © D)

-

-0~ Without PBCF
T, —&— wiith PBCF

KT & 10xKQ

025

0 T T T T T -0
0 02 04 06 08 1
ADVANCE COEFFICIENT (J)

Fig.9 Change of Propeller Performance
by PBCF
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B) CABERLI ke y FARES7 4 v, Tihbb
a—e PNOFHEDD DB Xy,

4 74 vORIBOMER, TeRIOLKEBLD
—XFAN 54 vEERCERE LERE T AR
HHLDMB X,

5) PBCF 1 CHI#ERE BT, o5 tr
I7EBOL, ATAMEHERPTHEND D,

3.3 PBCF EHL Y—~XFX b

3.2 OERIMC L Y, BRKZERO/, PBCF =
B (ER, 7/R,a,b,a) @wo\C, KkofEEEL >
AT, TRHOBEAZELIRLZ LRI Y Ay, A
EDX 5 BALE TR T, UTOERZT -7,

1) 74 vDOXKEIX (/R) P&

Fig. 8 @R TR (K&EX) 074 v2FEST 7[R ¥
)y —XF A P2, Fig 10 t2oEREvRT, FHi
R Ll 7253 CP 26 (Table 1 £fR) TH Y,
PBCF 13 CP 26-1 (Table 3 82 rRLEHT, 74

Shaft Center

Fig.8 Configuration of fins
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Fig.11 Relation between 47, & «

VOREE (/R 0AEELIRI,
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0.18~0. 33 (R ARIERT B L TEDHT L 1.0~1.8£%5)
DEENRB NI ERED LI,

2) 74 VERBE (a) s

CP 26 (Table 1 ) #{#f@ L, PBCF (3 CP 26-1
(Table 3 2) LA LEE T, aepArZBElLI e
xn dyp, oFfk% Fig 11 R d,

CORRICL D anfE}, a—e H —20~+30° OE
A THRELBDEIBDON D, T, CP24 THIF
Rkl a—e OREATHREOD S = & HHR Lo

D 74 vEFAE (r) oRE

“hiTo PBCF i3, 74 vORDLHERAF v » 7

Rotating /

Direction

A<

Fig. 12 Inclination of fins
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Fig.13 Effect of y on 47,

EHEOEE EZBS D E LT PBCF n&fE#{T» T
Wizh, STk Figl2 kind ko, 74 VR
BREESBREEC LT, FrIEEFAf +30°
OEF (r) O TEERTHTe 7711 CP 24
(Table 1 £f8) #{EH L, PBCF 3 CP 24-1 (Table 3
SR OEHOLDE L, % Fig 13 R,

ORRMDL, 74 v OENETEER Lo
B e, JoBbwlsd Ay, 0BEAYEXSH T
LAk, ERAEEATO 41, OREXIH ENRH
BEThb, Fh, BEACERMEOTS L A7, 3D
THEAND D ERRD LR,

D 74 vBBOKE

ThETR, TeXsRBEE7 4 vBEMEL PBCF
TEBRET - CHesd, 2ok Fig 4 wRTI>KC
TrRSBRERH LT, 74 vEREEBABLIRTE
BahfTotco A Lic7 7% CP 24 (Tablel &
#8), PBCF 3 CP 24-2 (Table 3) 0 i 0TH %1%,
a,b Offiz, BRE7 4 vEERES OT, EEROAR
TOETH %o

Fig. 15 i Ev R T I oK, 4En7e5Ex L
Cit 4% o PBCF 7%, 2, 3, 5% o PBCF &t~
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O 4 Fins (CP24-N4)
@ 2 Fins (CP24-N2)
A 3 Fins (CP24-N3)
15 Fins (CP24-N5)

Blade

t
Standard Position

Rotating (‘

Direction Propelier Boss Cap

Shaft Center

View from the Aft.

Fig.14 Fin arrangement

40

30

Anp 20

10

0.0 \

CP24-N2
CP24-N5*
-10 ! \ 4
0 05 ~10

JiJmaxy

Fig. 15 Effect of fin’s number on 47,

J Ol E BT HRBBNC L8305,

3.4 PBCF (kAT ZHAtkH DA

PBCF #EMic@A T 5oiciy, PBCF s
HEE L, EPOBELRE LitThidlebitv, £0
fod, BT e <F okific, REMCEY &MY
Ty vEFiffko PBCF ## %4448 C, PBCF o
BIL b BIEIOFE Y T -1, REBREE Y POT
AL e A—-FvFRArA-+OREEL, BY
—ONBOEBIRTA MR- PEHBEIRERAY v 7Y
VRN LTEROHINMEINS, A7 r 7k X
0% PBCF oEH 1 Table 4 =R L, oL % Fig
16 wiRkT, = = CHtEhD Force 13+ — U THEIZ h

5163 5
Table 4 Particulars of Propeller & PBCF
for Force measurement
¥odel Propeller N.P. PBCF NP-1
Diameter (2m) 320 a (mm) 2
Pitch Ratio(80.157R) 0.716 b (mm) 10
Developed Area Ratio 0.450 o (deg.) 60
Boss Ratio 0.157 r/R 0.17
Blade Thick. Ratio 0.044 Conf iguration C
Blade Section MAU Fin No. 4
Blade No. 4 Anp(8J=0.5) | 1.8(%)
20+
% (Va>0,n>0) O
e (Va<0,n>00 A
hd Va>0,n<0) &
(Va<0,n<0) [
A
A
A 101

Fig. 16 Relation between Advance Coefficient
& Force acting on PBCF

TR HYT 5 7 4 v OERIChH HEPHELYRD
L, 74 YOECEARNT, 7r_X5HEHE;ERE
AT hxAET S,

DR TEERE 0L, F1IRE (Ve>0, n>0)
it s PBCF wfERT5H1E, B0 w7 Tk
BlEEH R EHAE o Twb D THBA, PBCF
B L CEEAF I IBENTw B E WS FEETH
Do DT EMD, FrShbhHiEhs PBCF
W=y EEHFER b 25 %, PBCF L §dfcr/ v
SENCE t v 7 R BAZI BB EREE LTS LE
25 LMk S, ¥ PBCF ZhAa#, ®ih~0
ASAPEHLTWRWEWS & LB KD,

4 HEHEORE

3EF COWEBRET, LDk 5kEHRD PBCF »
7 r 5 EEEIROWECHRENR D B ONBH LIS
olee BlOEWHEZTHE, Fw~3% PBCF #2000
FTof#E PBCF EHMNHLMCKR e L LE
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Table 5 Particulars of Experimental Ships

without Rudder

with Rudder

Fig.17 Flow visualized by tuft method
(with/without Rudder)
(n=7.0rps, J=0.8)

MCoOBRAEEZICEE, MksIUREL PBCF 7
G EDOHETEZER LefoR e LToHENE
ENFIE L 785919, Ll EA BB 2vict 57w, Table 5
Rt 2 E0AMEEE L, PBCF 7 = <7 %tk
X UG ARG b — A IR I DT,

LIF ok 2T 4507 PBCF 2BEL%ED

Hercury Ace America Haru
Ship's Name (Pure Car Carrier) {{Container Carrier) |
Actual Model Actual | Model
Lpp () 189.38 7.085 206.0 i 7UAL
9.2 1.092 32.2 ; 1.1650
D 8.25 - 18,8 L -
d 7.74 | 0.289 11,6 ori2
Gross Ton. (ton) 44,800 - 31,855 -
Deadveight (nt) 16,560 - 32,20 1 -
Main Engine Output (ps) 2,200 - i 35,500 H -
Main Engine R.P.M. (r.p.m.) 123 - 97 i -
Propeller
Dia. (nm) 5,350 ] 200.0 7.400 1 257.6
Pitch Ratio 0.8905 0.8905 1.085 1.095
eveloped Area Ratio 0.600 0.600 0.775 0.775
oss Ratio 0.1888 0.1888 0.1800 0.1800
ade Thick. Ratio 0.05 0.905 0.04 0.04
ade Section HAU MAY HAU HA
ade HNo. 5 5 5 5
Rudder
Maximum Thickness(mm) 1126 42.1 1146 1 41.6
Height (am) 6800 254.2 8700 i 315.7
Length in fore/aft
derection (mm) 6080 227.3 5067 183.8
(at shaft center line)
Type Reaction { Reaction Normal Hormal
RRHHERT Do
4.1 &2 7TARTHEHEOLT(E

TeRFRAF oy TOEBTH BT, ~7THEALTF
v P ACKEREERE 2, SO ERTEDTREIC
bRERFELG 2D ENRTFH IR B, Fig 17 2t
DEEC LD 27 VEC I BAEILEEYRT, P r
FRIVMEHD D OIOERZHEH LT\ 5,

Fig.17 X b, MEZRIMTFB L, ~THELT, 72
PHEEY, 27 rPOBERENFLILDFHE LT
BLEWDGMB TOZENDIEE LCERTHRAZD
BEEATELT » 7 ADEG T PBCF % fHF T
REME LOBFICH~NT 47, (hIL b 2 & FREH
b, MRl s R AEFERGOBLCL Y, &E
PBCF ERLBLTAHZ EELDN S,

DlEdEE 2 <, 2Eof M onTHEd ol
To# POT (LI##eM# POT LiE.8) %17y, B,
a,r1,a,b I B onTER A L X8 THR#E PBCF o
BREX Tl ChOD—HOERTELZP I L —
T2 T, REHEBRTHB J=0.65 T Ay, 25

Fig. 18 Model Propeller & PBCF for
“Mercury Ace”
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{%) TEE LY, Tz PBCF {7 r72 Mt %
°r BHERE L THHC L L L, HEMECRLBEGEOD
---O-~-- without Rudder 5B < BB Ao oW, PBCF 0F & ToR
—A— with Rudder = B e e e AR
a4l Hi&F7~ Table 6 OFER¥EI, T2 TO r IfE
g ¢ B F o n%E, Tibb Ry (with PBCF)-
R; (without PBCF) 0fCTh 5, & T Ry DFHRIL
°r ST A EROTARE ET 5o HR7 = TR
Anp ORER DD ) ID b O&FEA L, PBCF (141 CRE
2k fe L b DR Lico
v
1k 2:nQ
wr < Trial Condition >
< “ithout PECE —-G—-
i with PECF —&—
or 15 |
1t
] 1 1 1 |
05 06 07 J 08 09 1.0
Fig.19 Change of 47, by Rudder 0%
2.0~2.5% FHEOEHT A + OFR) L IiER%E, oL
B Y hIENTIE J=0.85 T 4, 75 2.0~3.0%
LS R RE, Fig 18 tidx¥h vz — T OH
085 b
f3 POT cEbhi-Hi PBCF L7 e 3% A
bELEELZTRT, .
Yl 1 i 1 1 \
ERofEHE POT ToRELEREL, 3BTk e e er s e o w
ftdE Uit POT 0B @R A e 5 &, feftofER er
DF M Ay DETH 1.0~1.5% BEREL> T %,
Fig. 19 wfifif POT ToR#E(L Lic PBCF o 47,
CRWTOFERERO—FI & LTHD hAO S DER o
3, ¥ Fig 19 wirfiesE L POT CoEIERDE 1051 .
PR Lo BELIC X D (FELEHHE T BEORSET ¢ Full Condition >
Ay ZEIERLTHBH, JOMIWHTIL, #EEL . with PECF —&—
OFRBNEEZRL TS, ZOEML, EHEPIV
2= OFHEBRTOHR I T %o ossh-
4.2 PBCF OFEICIBRICHDDFREHOEIL
4.1 CixfEdt PBCF 7 v R5ichx BT O
03 }-
Table 6 Change of Force acting
on Rudder by PBCF
0854
J ARf AKRE AKRE/KT
() =ARf/ p n2D* )
0.60 +14 1.2 x 1072 0.35 : o3 L‘
0.65 +12 1.0 x 1073 0.31
0.70 +9 0.8 % 1073 0.27 )
0.75 +7 0.6 x 1073 0.22 015 1 1l 3 1 ' 1 ' s
0.80 +8 0.5 x 10 0.21 o2 03 o4 0s s o7 o 08 !
0.85 +6 0.5 x 107 0.23 o
0.90 +5 0.4 x 1073 0.21
0.95 +6 0.5 x 10-° 0.30 Fig. 20 Change of Self Propulsion Efficiency
1.00 «7 0.6 x 1073 0.43 by PBCF
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Fig. 21 Change of Self Propulsion Factors by PBCF

PBCF {4115 = L e X BREC 5 OHBIMORE
bt ARy wEXRTAL LT 4KRy %3k, KT
L oWl LiofE% Table 6 w&b¥R Lz

Z RN, PBCF #f05 Lbicdh TrF A
7 A+ D 0.2~0.3% BEOTINEKTREC 1S K
S5ICin e D T EDZ B,

4.3 H MR

4.1 tEbhi-E# PBCF #HEALT, 2£0H#K
M CTHEELERC I 5 HMRRET -2, 2£0
BENE XU e =S ER B LTt Table 5 12777,

FHEXP 2 —TREAL TR, GOFEAARRMGEE
OXRFEFKE ERESE, B 45m, §§ 4m, X
1.6m) EHL, »DhrricBELTR GHEEXRE
MEd v 2 — OXRBRHKELER LEREZTT - o
Thb 0ER TIEHMRELFRHEEAMETH 2.0~
2.3% BEOHEDROHEL B LRI U, flEL
T, HDIHIORET — 2 O THENTFHEZT 50

1) HEDRYFET oD 0EE LT TV270Q
R, BT v R IHEE (CT=T/(1/2)pV?-zD?/
4) % k- cR% Fig 20 R, FERIRGE, MmERE
EABEER AT s PBCF wXs#RmEE LT
2.0~2.3% BESRADLN S,

2) AZAM—FERIDEREFRLRD, PBCF 0
BMERC S 28RS, ot PBCF
SRR oM L% L, Fr7iERg MAU &
B _FRENOOREHEY, BAERTEEEER
B boleEfE%, PBCF HEOFR B HEA L,
Fig. 21 g FHEEI S EOMERECST 2 EEMER

» PBCF A& X AT{Lx R Lo

Fig.2l ks, 7n5%KRE (9D HEMWL,
HEWRERS A—w) B IOHENRARE Q-0 B
IR LT hbH, 22T 7 BHEMLTWLS DX
AED 1, BN HERBLcLb7 e X T HEROLE
) wxsdbocikind, Co@ficik PBCF ©i5
T eRG M 7OEDHE 1 REMITTHDHEEZLD
hae ¥t 1—t OBAIIFEFAL, kA —-F
— {1 4. 2 CEHE Lz feiERoing ¢ Z L /t> T
Z)O

DEDERI Y, KEFTh 7,7 ~— A THREE,
WEEREE 2 ZOPRALENRD b b, (ZZ
T p=1—t/1—w) 7c¥, Fig 21 T 1-¢ OfED, BH
FThhTWAIEHARRBR TROOhBEI D IE
S>TBDLE, EHEE LTIneR W EEEEAR
L OWEEBELYH D TH D,

b % M # B

4FEE TOKEERCONKRBELET, My
WTOERERET 50 FETIL, FHEPDIVZ—F

Table 7 Conditions of Sea Trial

Ship's name Heptune Ace Mercury Ace
(Without PBCF) Vith PBCF)

Date Aug.19 & 20 1987 [Sep.30 & Oct.1 1987

Place Harima nada Harina nada

Veather Fine Rain (Ser.30)

Fine(0ct.1)

ind (a/s) South N.East 1.5

ea condition Calm sea Calm sea

hip condition abt. 47 XD.V¥. abt. 47 2D.V.

emp. of water (deg.)

Spec. grav. of v. .021 . 022

F.P. a) .824

A.P. 3) .

rim 2) -0. ~0.

isp. weight (at) 20,81 20,789

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

76 AAEMFLRTE #1635

Fig. 22 PBCF installation on “Mercury Ace”

(LT M. A, E8g3) R4 PBCF 8fF - AT T,
PBCF JEEf o4 AR IBIERRSHohsEbP — A
Z—=FTET N A, LBE) & OERERE 21T » 1o, Fig.
22 3= M.A. ~ PBCF ##3% Li-BF%RT, Table 7
2, BT » e KRB OKREES LUK RE
xR To ok, ML DMEBRERTEE ORE TR
BRafT - 70

51 FHEB

Table 7 R HkAET, MCO o 50%, 70%, 85%,
100% D4 BTl =1 OEERELTVED, B,
EEH OFHEET 7o Wit & b EDFENCIIEERE
HEtHEE~—2 2 » 72 %FERA L, BAE L UEER
A= v =7 Y v 7 ROB OB (BE
+0.8%) ¥ XU OEE#HEH Lz, Fig 23 &
WMAHRNDEIEDRIT >tk OE N /B /B o
BERT,

CDMERIDVEMTAFTRENIR -2 THL Y,
85% MCO ToOEN T 0.2 7 » + OBHRBEND
Dbt ¥ @A—Bhesw okt 1.0~1.5
rpm L7z,

------ without PBCF
—A— with PBCF

{rpm)
130
—120
{os) ~ 110
12,000}~
100
85X MCO
10,000 b~
3
3
$
e
o
x
8,000 -~
== ~0~-~without PECF
6,000 ———t—vith PBIF
fnalizad by JG Hethod
1 1 1 i t 1
4 5 16 17 8 19 22 (snts)
Speed
Fig. 23 Speed Trial Result
o p L]
5.2 & ¥t B

Fig. 24 wiEmaBie X 2R erd, & ol
B, 85% MCO TfizEd, 0° LERINTWAHME
TREEEREORAMALL, T0EE—AT5%ETD
MR LIcbOTHY, MESALE 30° L7 Ry
ML DTHB,

Fig. 25 witEMREERZR T, < oRKIL, 8%
MCO Tz, BELEEESL, TOBROENLE
DEDERTER LIS DTH B,

Fig. 24 3 X 0" Fig. 25 55, PBCF iz k AiEm, #
ERREANDOEHEOWTIE, FEREZIRVWERDLR
%o

(M)
600

+400

+200

Fig. 24 Turning Circle Test Result
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W0~ 20—~
g | - ~—— with PBCF
H -3 ------ without PBCF
= X, © Astern Start
§ g & Setting Revolution
& “» 0 Ship Stop
3 & Setting Speed
2000~
300 ’—
280—
3
2 260] 1000~
2
;5 24—
2201—
200[—
180l ol-

Fig.25 Crash Astern Test Result

6 & 3
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3) PBCF Hif1z A5 A b ®H LT \w43, PBCF
HEDITeRF L UL ML 203D 25 A L AEEM
LTwbZ b, PBCF i7 e s il b DOFE%Y
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FoED X 5 IeHBEBIGRM B B OO THLME TS
DERB Do

6.3 PBCF [C®28%252%ZF

PBCF iz X A% M L&y, FEE I REA cEh
Shiciefhd POT o 0k, M X 2EWHRFT
HEXAHEMT AL DLDETIREALBILERLT
Wit T Z &, PBCF 237 v RS ABRIOAER
WILZ LA EFERZF WS L ETHD, BV
s, MBOBEERRLALZTR VLW T X
K30

L L, BRTHLAC LXK, Trigk
I OWEN B OBEIFEF K Z), PBCF 25517
ISt s TiL, TrRAFRICIRES E =y F v
BELIENEETHD,

YA E ]
IhECOMEMEC L > THLMC - TeRE 2L
Tt &d 5,

1) AZY.—7r25 PBCF #LibE BT
LcXy, RAF 4 » THEOHEWEZERL, ~7Fr
Ty P AREDH I ELHII LI,

2) # POTwizXx b, PBCF imk 57 u7EmghR
mEDOHEZT 3~7% OBRE LR Ui, i
COPHRAER, TeRITEy,FHOBWTRRFELE
KEu,
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