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Experimental Effect of Propeller-Coating
of Training Ship Kakuyo Maru— I

Takeshi Araki, Tadashi Imapa, Akira MATUYAMA
and Toyonari Nisiva

While ships are constructed and after leaving dock, the bottom and the propeller of ships are
smooth and clean, however, marine fouling animals adhere to the bottom and the propeller of
anchored ships for a long time in harbour. As a result, frictional resistance of ships hull and a shaft
horse power of ships increase. Therefore, the ships hull and the propeller of ships are cleaned and
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painted again in the dock.

The hull of Training Ship Kakuyo Maru had been painted self-polishing anti-fouling paint (SP
type A /F)from 1978 to 1991, however, the SP type A/F were not used at present because of the

ocean pollution.

In this study, prevention effects of marine fouling animals adhere to the bottom and the propeller
which coated paint was made of a silicone resin, were examined.

As a result, it is seemed that the propeller coated with silicone resin prevented adhere to marine
fouling animals, promoted decrease of frictional resistance, it turned out the ship speed didn't decrease
and fuel consumption value didn't increase during this voyage.
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Table 1. Principal particulars of controllable pitch propeller

Type KAMOME CPC — 80
Number of blade 3

Diameter 2,850 mm
Principle pitch 1,140 mm
Developed area ratio 0. 45

Material Aluminum, bronze and cast iron
Table 2. Specification of painting for propeller blade
Process Treatment and paint Solvent Frequency Drying time
1 Burnish of blade surface Used of sand paper
2 Primary coat Coated with paint Need not 1 3 hour
for prevent rust
3 Touch up paint Bioclean DX Thinner 1 6 hour
first coat
4 Second coat Bioclean DX Thinner 1 6 hour

Remark

No. 80 sand paper was used by first experiment and No. 60 sand paper was used by

second experiment.
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Fig. 1 Painting-coat of propeller blade at 1992 and 1994.
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Fig. 2 Test peices by hand made.
material

a:iron with zinc,
b : sheet copper,
¢ : aluminium.

EERESE O, N DOIKDTHE AR HEK DX 5518 B 1325584
ppm & # < F 7z, BOMSECNTHEW 2B TH 5 H°
FRHE FRE D & FRBERI300m i 121X, B3R ATE > ik 1 H 5k
BSHIEIR E > TV B, KR, £F2~23C, EF24~
26°C, #kF22.56~23C, XF16~18C Tho 7o F72, Hlifk
T B & OO 0,04kt LR D BTN TH B, K
B i & 0 HLY B LA A& Bh Y O 2 KT8 & SR L 7- R
&, FEBMOEEIIEALRES (TH), RRBEOPICR
H8F (10A), ZLTEED T LA LEILTHLFE (20)
D3METH5,

4. BHSTNRARILD RAEER

EEiExp— 1 BX PExp— 213, RR L BHEIFETT 0
NRIEyFME (6p) X177 (ZHE L, MilEET] % s
T2 5 FHATHEN & BRI E 2 BIRETIT o720 2L T,
RS X CHEERRBI O 5 BRREE T O A FH L 72e oD
RIS, BT ISR Lo T, 2oRNTAEME (L),

#5815 (2000) 71

Ry F~—2 (PI), Yuax7 ¥y FME (p), EHlEE
¥ (Np), fivtha#dy (V), BEHEEE (G), #EH (PS),
PRAEHEEE (be) O 8HHDFHMEZE I, ZhZhoH
PLB7- DL, FHEE RO T -5 & LT,

5. BRBIUER

5.1 JEEEEER

B—DX &K OFERERIZ, BEEIMEHEARRIR O
DEKENRSHLZEEFHAL TS, $bb, YUarHi
ARG 2 AR L E A CAE LR L LT 5
DT, [HEBYIEND WY AU ELNECTE R
W, FRENENDTTEOLNDE NS TH D, MR THUWE
BAREEZ DT, 20 BB E LT AE R
BLTHENIETT 5. Lzd> T, BEBEERAEEIC
TV, Lvd, BEORBEERREIRTE & BEE O
WX ONEBWHINEL TS, DT aWEERIC X ) B%E
LTLIEWHEHEZIET 5,

Fig. 312, 3:MFEERICBIT2B—DX BEBEORELE(LE R
L7z O3, #E% 21 A (1440h) 5B L727 BICBIE L
RREETRT . A 2 BUIBAORER R, BN E 7V =2 —
LEEWTH B, HREBAHIIIH LML L TR EBRICHD
BV THARE, 7VVRESFE LTS, L, 20N
ERIHABA 1BUCS ~6MTHY, TNOHITIBTHT LR
CHHICBE LBEBLGDL I L3 kDo, BIEEIIH &
He IR LOBE SR ICRIFChH o7,

@rid, 5 A (3600h) ##L7-10A DREEZRT, @
DOEBNIARB L OLEMIET VI =2 — 288K E R L, T
I a2 - ABEROEBREEICIZS ORY (Styela plicata)
DRFED RO NI OFSIRERA 2R, KRB &b T
TIHEZEL TV A VL ITHAH, 7YV REIERE K
BLTWAD0 b5, HEBYWOMHEIRRE, HKEF O
Be, ZORREHEL TN ERSHEL 2. $RIC, 8
WRERF ORFETESE 2 B0 72 HIINBEBD S 0o 720 17
HHE O I & Z O JOT D EANDOAFE R FED T
WETLL, FEHWIET, EREOREHSTICNE LT
BEL, 20#BIT-REEL CEERMANEHEBEL TWVoZ
EEZOLNE, TORERRIZOWTIE, R TH 5 AR ICH
KdHDHL EEZ ONSGHEHTREPECH L, T2, B
HHSRAF R LIZEIAZOERIIIILAE P o2, Th
IEHAGABRA # B—DX T L2 L2k Y, REFEHD
BRBEIVBO O hholzbEZONL, ETOMNEEY
A TR I E A LS TE, 72, TOBETII,
ERBHF OBREROHFEIEL Ao o7z, BiEkIE
H (6480h) #% L 7219934E 2 H 0B IZB W TIE, &3
HICER DR Sz, S, HERH 2R E P IRE
DFBIZL ) BEREICEZE L, TOFEBRICLABREMERESN
bo ZOFBEES N, BT THAE, TVYFEINS
CRELTW, $72, MY THHE -7 IZiE>akyiam
ZLTHFAHA (Mytilus galloprovincialis) Dt D R,
N7, 1998343 B D -, HBERZKT LLVES~



72 AR,

AW, R, PER D T uRT OEEIC L D EHIE LA T AR

ABOWEEED S, FEBWIEEICEIN L T L,
DWERTHIEFICEREIIEA LR DKFTICITRELEEL,
RFBIZFDEFIIFEZ BDODbHh o 72,

TR R

Fig. 3 Observation of prevention of attaching fouling

animal by anti-fouling paints Bioclean.

@ :right upper side is iron with zinc, lower
side ; only iron at July 1992.
left upper side is sheet copper, lower side ;
aluminum at July 1992.

(2 : right side is copper, left side ; aluminum at
December 1992.

(3 : right side is iron with zinc, left side ; only
iron at December 1992.
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Table 3. Data of propulsion performance test
Bxp — 1 Bxp — 1 Exp — 2 Bxp — 2
before dock ( 1992 ) after undock ( 1992 ) before dock ( 1994 ) after undock ( 1994 )
Np 160 176 219 238 258 160 179.6 219 239 258. 6 160.9 181.3 221.6 240 264.4 149 180 242 264
L 13.4 219 44.2 56.8 T2.4 1.9 16.7 355 48 63.3 13.4 21.9 44.2 56.8 T2.4 8.8 19.5 51.5 67.2
Pi 124 14 18 2.3 24.1 1.3 12.1 157 18.9 217 13 14.6 19.6 225 24 11 12.6 18.6 22.1
6p 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 16.9 16.9 16.9 16.9
v 8 9 10.6 1.7 12.3 9.2 10.1 12 12.9 13.6 8.8 10 11.8 12.5 13 9.1 102 131 14.1
G 4.3 122.3 214.7 271.2 341 76.7 99.6 176.7 172.5 169.1 94.3 131.6 236.5 300.7 321 61.2 112.1 248.2 317.4
Ne 376.1 613.3 1237.1 1591.5 2036.7 332.5 468.4 992.5 1344.7 1770.9 434.3 673.2 1369 1773.7 1941.2 278 545 1443  1881.5
be 224.1 199.4 173.5 170.4 167.4 230.8 212.6 177.7 172.5 169.1 217.1 195.5 172.7 169.5 168.4 241.3 205.4 171.9 168.7

Remarks: Various conditions throughout the above measurements were:
1) displacement of Kakuyo Maru: 1600 ~ 1700 tons
2) smooth sea with portbow waves and light air( 1~2m/sec.)
Np : Revolution per minute of propeller  (rpm)
L : Load factor (%)

Pi : Fuel pump index (mm)

6p : Propeller pitch angle ¢)

V : Ship speed (knot)

G : Consumption value of fuel oil (l(g/h)
Ne : Shaft horse power PS)

be : Consumption rate of fuel oil (R/PS *h)
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Fig. 4 Interrelation between ship speed (V knot)
and propeller revolution (Np rpm) on first
experiment.
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Fig. 5 Interrelation between ship speed (V knot)
and propeller revolution (Np rpm) on second
experiment.

Remarks
@® —— @ : measurements before dock,
H —— N : after undock.

Fig. 6 Photograph of propeller blade in underwater.
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Fig. 7 Interrelation between specific fuel oil consumption (be g/ps - h) and shaft horse power (Ne ps) on first
experiment.
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Fig. 8 Interrelation between specific fuel oil consumption (be g/ps * h) and shaft horse power (Ne ps) on Second
experiment.
Remarks
Symbols are all same in Fig. 7



Tl R K IR JE

BEBEEECENCTEETH SO VIEAVETL
RWAH 8 ~10B A 2B E S L ZOBHENNEFRERbNT,
HBERPHEOMNECVEZLUETTAEEbRTnaS Y,

5.3 BREHEERE-#ED

R T4 — e VAREE, BfrEE (L) 60~100% DA £
HETHRENEND, L2t T, BREAMETOEER TR
BE R L O - FER R OEENA R b EEATEAL T 5,
FORER, BEIEER (be) WKREL LD, BEMRTE
D) VTP EET S N7 R O BRI BE (AR B [ R B e
LTRELZDRV, TRICRLT, BEREHNERY 70o—[H
L) OEFHEIIRE D, 200, BREFRIINS
(Y, MEEBARPOBRBEARERIT, T74b5, beld
KEL B, EMERDExp— 1 & Exp— 21285, EB
WEObe & Ne & OBED SR EFEBSW L ARITKRD X
IicRvLND,

Exp— 1 D

be=6.2809 - 10% - Ne %17
Exp— 1' D

be="7.0462 - 102 - N 18
Exp— 2 OE

be=5.965 - 10% - Ne 016
Exp— 2' DK

be=7.0131 - 10% - Ne 2

— (5)

I be ZHEEIC Ne & & D, Ne=300~2100PS D #iH
T (5), (6) X&Fig. 712 (1), (8) X% Fig. 8 1T ¥, T
HHOEMRIIExp— 1 DEFEHEZRL, —H##EExp—2
DERFRERT, T72, @LBOHFITFHUEONelZBIT
HbenFE L TKOZMELRT, Exp— 1 L Exp— 2128
WCARRIHOR—Ne lZx$ % be D7EIE, BMFE, 60%
(1680PS) T3.6g/PS-hBXU251 g/PS-h&%bh, #
ZCHEER, 1680PS THIE L 7z & IRTE § LIZ 2455 I AELH
BEIREBORELZH0.85 (£ kg) LTHLENER,
171.84 /day £119.8 4 /day ZEifITEH L e % b, T
bbb, EBRMEFOPEIEAM (3TH B X UB0H) THREE L

#8155 (2000) 75

WES B L enEh, 6356.6M 35 L U 3BUMDER L %%,
Fig.7, 8 12k % &, MR, 50%%HIC L Tbeld®mAMN
BCRAMOMIMIONTESY 5, L2 L, BAFRTE
POREST R ASE S LW L b, BEEIS TR LT 5 0
The lXB2WUIEINT 5o

T e B

A@D, EFEPLESNIHERIZ, ROBY TH D,

1) 7uxRFICERTHERRE, 20BEFEEICEER
Thbo $/2, B-DXEBEEDOHHERRIEZ, —FEH+
DB TH D, oI, HER—ERRELZHD
SPEIA /F®REEICILELC, VOEKTIX1 /4.8LLH
CBE 26N, 72, beidd303% b RE A LI,

2) MEEZOIMES X7 ORI, FELREDOV % %
2T 2 LB LT O RS OFEIRIIE, VO
BThLHEETESL, Lid o T, Np—VOMEEEE
BTNV AT B L, B AR OEE IR
275,

Bb iz, KL IHAEC 2R ERENES & OHE

WoOBRICBEH A LET,

X

1) MIFISE: <) vy VST, 444, 34 (1984.)

2) ke B 5% BAMEFREE 71, 15 (1984.)

3) MEREER—ER: <) vV = 7EE 529, 7 (1991.)

4) WHEBEER: N7 HEBER

5) /AMNIEW 1% BAMAKREZSEE, 2634 (1998.)
6) FERER M54 &KEE 68, 72 (1990.)

7) At % fib 1% ARGE, 7475, 26 (1993.)

8) KEME: BEAMMTY (T), WICE, BHR100 (1958.)
9) BT I fEH SO LESR, Bl B 61 (1985.)
10) K& HE: HEmTE (T), WIE, Bm104 (1958.)
11)

Ey T ERAM IS, i, HE, 163 (1975.)



