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Consideration on the Speed and Fuel Consumption of
Aluminum Alloy Ship

Tsukasa KINOSHITA, Hisao KANEHARA, Masako SHIMODA, Yasuhiro MORIT
and Hisaaki TAKAYAMA

In order to find the effect of aluminum alloy ship's bottom fouling on the speed performance and

fuel consumption, the fuel flow was measured when an aluminum alloy ship was navigating at a constant

speed. Also the speed test was conducted periodically. The results of the experiment are shown below.

1) According to the record when undocking for five years, the rate of ship speed reduction and that

of fuel consumption increase to the main engine power output were 0.1 to 14% and 0.1 to 3.3%

respectively and were nearly unchanged.

2) At the time of eleven months after undocking in 2006, the ship speed reduced by 0.6knot (4%) and
the fuel consumption increased by 2.7kg/nm (21%) when running at full ahead. At the time of eight
months after undocking in 2009, the ship speed reduced by 0.5knot (5%) at half ahead and reduced
by 0.7knot (5%) at full ahead. Meanwhile, the fuel consumption increased by 1.5kg/nm (25%) at half
ahead and increased by 2.7kg/nm (21%) at full ahead.

3) Due to docking, the ship speed increased by 1.0knot (9%) at half ahead and increased by 0.9knot (6%)
at full ahead, and also the fuel consumption reduced by 1.8kg/nm (24%) at half ahead and reduced

by 29kg/nm (18%) at full ahead. The simplified bottom cleaning made the ship speed increase
by 0.2knot (2%) at half ahead and increase by 0.4knot (3%) at full ahead, and also made the fuel
consumption reduce by 1.1kg/nm (15%) at half ahead and reduce by 1.5kg/nm (10%) at full ahead.
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Table 1 Principal particulars of “KAKUYO MARU”"
Particulars Items
Length over all 42.79m
Length register 35.43m
Length between perpendiculars 34.50m
Breadth(molded) 7.00m
Depth(molded) 3.19m
Draft designed(molded) 2.50m
Gross tonnage 155ton

1,050kw(1,428ps) x 2
Fixed 5 blades X 2
1.28m’ x 2

Main engine

Propeller
Area of Rudder
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Table 2 Data and engine out put of speed test

Time

Date of trial Kind of main engine out put
Dec 1.2005 7 575, 750. 850, 1200, 1700, 1800. 2100
March 8.2006 3 1200, 1500, 1700, 1800, 2100
Sept.30.2006 6 1200, 1700, 1800, 1900, 2000. 2100
April 26.2007 4 750, 850, 1200. 1700
July 23 2007 7 575, 750, 850, 1200, 1700, 1800, 2100
Sept.10.2007 7 875, 750, 850, 1200, 1700, 1800, 2100
Jan.22.2008 2 1200, 1700
Feb28.2008 6 575, 750, 850, 1200, 1700, 2100
Jan 16,2009 4 575,950, 1200, 1700

Feb19.2008 10 575, 750, 850, 1200, 1500, 1700, 1800, 1900, 2000, 2100

April 15,2009 10 575,750, 950, 1200, 1500, 1700, 1800, 1900, 2000, 2100

June 182009 10 575, 750, 950, 1200, 1500, 1700, 1800, 1900, 2000, 2100

Aug 5, 2009 10 575,750, 950, 1200, 1500, 1700, 1800, 1900, 2000, 2100
_Sept 17,2009 9 575 750, 950. 1200, 1500, 1700. 1800. 1900, 2000

Oot 3, 2009 9 575, 750, 950, 1200, 1500, 1700, 1800, 1900, 2000

Oct 6, 2009 10 575, 750, 950, 1200, 1500, 1700. 1800, 1900, 2000, 2100

Jan_24, 2010 6 575, 750, 950, 1200, 1700, 2000

Feb 17,2010 6 575 950. 1200, 1700. 1300, 2100

May 30, 2010 10 575, 750, 950, 1200, 1500, 1700, 1800, 1900, 2000, 2100

June 24,2010 10 575, 750, 950. 1200. 1500, 1700. 1800, 1900, 2000, 2100

Aug 20,2010 10 575, 750. 950. 1200, 1500, 1700, 1800, 1500, 2000, 2100

Oct 19.2010 10 575, 750. 950. 1200. 1500, 1700. 1800, 1900, 2000, 2100
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Table 3 Shaft power and revolution, fuel flow rate, ship
speed by speed test on May 30, 2010

Flow rate  Flow rate Flow rate of F.O.

m o osHe ) P giFo. ofFO. P (manual o of
" W oropsller  GUN ey Gnod  Gea) RO
575 38,71 165.23 90,16 545 16.01
750 11,71 21552 59,52 1.01 26.52
950 150.75 272.99 57.42 8.95 46.78
1200 28377 344.83 67.32 8324 1135 83.02 -027
1500 59796 431.03 129.87 160.58 1369 162.54 1.21
1700 93sss4  4sssi 19485 24090 1469 24200 046
1800 113525 51724 23486 29036 1522 291,12 0.26
1900 138821 54598 28065 34699 1563 24747 014
2000 12145 57471 33313 41186 1606 41213 007
2100 {90957 60345 39361 48663 1651 493.32 1.36

Average of error 0.46
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Fig. 1 The relation of main engine out put and shaft horse

power, fuel consumption, and ship speed by seed
test on May 30, 2010
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Fig. 2-1 Variations of ship speed by speed test right after

docking between 2006 and 2010
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Fig. 2-2 Variations of fuel consumption rate by speed test
right after docking (2006-2010)
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Table 4 Ship speed and fuel consumption rate by speed
test between February and October in 2009

Fuel consumption rate

Ship speed (knot) P s

Month-year
H/H F/H H/H F/H
Feb.-09 11.49 14.77 5.79 12.96
Apr-09 11.41 14.70 5.90 13.09
Jun.-08 11.38 14.62 5.96 13.39
Aug—09 11.22 14.56 6.29 14.07
Oct-08 10.96 1411 1.30 15.67
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Fig. 3-1 Variations of rate of monthly ship speed and fuel

consumption rate (February-October)

EL B EAIT/NE Ry, BEHEERITRE RS
7oo F72, MEGOMFEIILER (2H) of#Es LY
PREHH BRI 2 £ H Ofli e ©7%% 2 HOETHR L
TENENOBE S5 &, Tabled IR $ L)1, #&
W8 » I THYEIZH  HTO0.5knot (4.6%) , F/HT
0.7knot (4.5%) WA L7z —J7, BEEERIZH HT
15kg,/nm (251%) , F/HT27kg nm (209%) L
720 200040 FREBILIIC B AEE A L AR ED
Bifea%Fig.3 — 212R$, 22T, Mlllc&a, #idh
RO EZRL, BEPS ORFMEEIAKELS 2D L
MO ATLREL R D,

s Ve speen=-0.0134x7+0.0612x+14.687

15 18
e LA e Lo &
= 14 x,--""'"i 18 % *  H/H-speed
] ——a— T 14 8
é HKormee x h 2 " F/H-speed
T g = Yemo 1¢=0.0591x°-0.2712x+13.241 12 g
g 0 E A H/H-rofc
L 3
'r?. 12 1 === Yrnrarc=0.0371x7-0.2014x+6.0298 _ —a [8 5 X F/Hrofe
e —A———— K lg @
4 E
1] — Yyintpees=0.009x7+0.0272x+11.454
[ 2
10 1]
February April June Aupust  October

Manth

Fig. 3-2 Variations of ship speed for February 2009 by
speed test (April 2009-October 2009)
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Fig. 3-3 Variations of fuel consumption rate for February
2009 by speed test (April 2009-October 2009)
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Fig. 4-2 Variations of monthly average fuel consumption
rate at full speed (April 2005-January 2009)
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Table 5 Monthly average of ship speed and fuel
consumption rate at full speed between
December 2005 and November 2006

Ship speed Fuel consumption rate
Month-year
(knot) (%) (kg/rm) (%)
Dec-05 14.72 13.26
Jan. —06 14.63 0.6 13.38 1.0
Feb. -06
Mar -06 14.58 09 1371 34
Apr—06 14.55 1.1 13.72 35
May-06 14.56 1.1 13.77 39
Jun.~06 14.56 1.1 13.86 45
Jul-06 14.56 1.1 14.21 12
Aug.—08 14.41 2.1 14.42 8.8
Sep. =06 14.36 24 15.40 16.2
Oct-06 14.15 39 15.85 19.5
Nov.—-06 14.10 4.2 15.98 20.5
1507 . 18
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Fig. 5-1 Variations of monthly ship speed and fuel

consumption rate at full speed (December
2005-November 2006)

5 [ 25
— Yspeeq=0.0189x240.0209x+0.5565 2
_ 4] o= Yrorc=0245¢-0.9238x+2.4730 W/ 120 g
® W 2
3 / 2
:‘-J. 3 15 T + Speed
£ 3
52 0 8 m ROFC
1]
£
1 s
D 0
0 2 4 i} 8 10 12

Lapse of month

Fig. 5-2 Variations of rate of monthly ship speed and
fuel consumption rate for December 2005 at full
speed (January 2006-November 2006)
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Fig. 6 Variations of sea water temperature of Mie-Shikimi
harbor in 2009 and 2010
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Table 6 Comparison of ship speed and fuel consumption
rate before and after docking

Ship speed Fuel consumption rate
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Table 7 Comparison of ship speed and fuel consumption
rate before and after simplified bottom cleaning

. Ship speed Fuel consumption rate
Year bslasss:f Value __ Difference  ygye _Difference
pe (knot)  (knot) (%) (ke/nm)  (kg/nm) (%)
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