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Abstract

Ever increasing fuel prices and environmental concems are forcing commercial vessel
operators and designers 1o re—assess current vessel designs with an emphasis on their
propulsion systems. The most important parameter determining propulsive efficiency is the
diameter of propeller. Many investigations have been carried out to adapt a large and slow
turning propeller known as one of the most robust and effective way of achieving high
efficiency in ship propulsion system. However, for the same vessel a further increase of
propeller diameter would require the modification of the aft end while still paying attention
to the hull clearance to prevent excessive propeller excited vibrations. In order to take the
advantage of this approach small workboats (e.g. tug boats, fishing vessels etc.) operate
in service with a significant increase of aft draught and hence resulting “inclined keel”
configuration can be observed. Although it is not unusual to see large vessels sometimes
to operate with stern trim to improve their operational performance and fuel efficiency, it is
rare to see a such vessel purposely built with an inclined keel feature to fit a large diameter
propeller for power saving. This paper investigates the application of the inclined keel
configuration to a 3600TEU container vessel with the aim of fitting an 11 % larger diameter -
propelier (and hence resulting 17.5 % lower rpm) to gain further power saving over the
similar size basis container ship with conventional “level keel” configuration.

¥ Keywords: Inclined keel(ZAIE3), IKH(B A28 4L), Container(2HI0{), Stern form(& 018
Ah), Trim(E &), A large and slow turning propelier(li& 3 X3 & T2 )
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Propeller Diameter=7.91m

Level trim condition

Trim by the stern condition

Fig. 1 Basis huli
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Propeller Diameter=8.9m

Harbour Candition

Deep sea condition

Fig. 2 Definition of inclined keel hull (IKH-A)

Propeller Diameter=8.9m

Harbour condition

Deep sea condition

Fig. 3 Definition of inclined keel hull ({(KH-B)
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Table 1 Main particulars of basis hull (BH)

Length (pp) (m) 232.80
Breadth (m) 32.20
Draught (m) 11.30
Ca 0.597
Propeller Diameter (m) 7.91
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Tf[e 2 Parti ropeller clearance \ /
IKH hull
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8.8m ’ |
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(28%D)
A Fig. 7 Body plan of the inclined keel hull

Table 3 Comparison of main hydrostatic
particulars of Basis hull and Inclined keel hull

Basis Hull
———————- IKH (Level Trim)
.............. IKH (2.4m Trim by the Stern)

e DL - Main Dimension | BH IKH IKH
B = (even) | (trim)
— Length (pp) (m) 232.8 232.8 | 232.8
Breadth (m) 32.2 322 | 32.2
- A . Draught Ten (m) | 11.3 113 | 12.5
P Draught Tiwg (m) | 11.3 11.3 10.1
""" 1 i Cb 0.597 0.596 | 0.605
Cwa 0.803 0.788 | 0.813
Fig. 5 Bow profile modification for a larger KB 6.337 6.298 | 6.290
propeller WSA(m*) 9333 | 9244 | 9396
Propeller dia. 7 91 8.8
{m)
(o e | oy e | 28%D 28%D
(+]
T o _ Inclined keel 0.55-
LWL - o - Waterline ] angle OOO OOO 060
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Fig. 6 Stern profile modification for a larger
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Fig. 8 Comparison of wave contours from
potential flow analysis, Top = basis hull; bottom
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Table 4 Comparison of the resistance
characteristics at design draft (11.30m)

Computation
BH (2.41?-T1rim) Diff. (%)
Cw 5.69E-04 | 5.50E-04 | -3.34%
1+k 1.142 1.158 1.40%
Cf 1.376-03 | 1.367E-03 0%
(1+H)Cf+Cw| 2.13E-03 | 2.133E-03 | 0.13%
Rw (kN) 4147 403.6 -2.67%
Rt (kN) 1552.5 1565.5 0.83%
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Fig. 9 Wake distribution of the basis hull from
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Referance Vector N
10.1 5% Vx

. == === = J-.91mPropeller Disc

Fig. 10 Wake distribution of the basis hull from
experiment

Reference Vector

10.1 5* Vx

-— — _0 = B.8m Propeller Disc

Fig. 11 Wake distribution of the inclined keel huli
from CFD

Reference Vector K N
T0.15'Vx

= 8.8m Propeller Disc

Fig. 12 Wake distribution of the inclined keel Hull
from CFD-calibrated
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Fig. 13 Comparison of the circumferential mean
wake distribution
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Table 5 Comparison of the propeller principal
particulars

| BH IKH

Blade Number (2) 5 5
Propeller Dia. (m) 7.91 8.8
BAR 0.72 0.62

P/D 1.15 1.2
rpm 87.53 72.21
Mo 0.669 0.691

Table 6 Comparison of the propulsive
performance

BH IKH
P (kW) 19166 19327
t 0.16 0.16
w 0.235 0.236
7, 0.669 0.691
" 1.098 1.099
g ! !
Mp 0.735 0.759
B, (kw) 26092 25450
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Fig. 15 Comparison of the hull surface
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Table 7 Comparison of propeller tip speed and
tip clearance

BH IKH
V., (mls) 36.25 33.37
Tip Clearance m) 0.28%7.91 0.28+8.8

AAege Teue gJH
Z 250 YA D2 MERS S
2 WIS

OICHTable 7 & X).

_,_

o
T

o

>

% o

P

I

hu

12

o

I

0

= r@

9

ot

1

= \J

M o o 0*

x X rx ol
TR

U

2 20074 88




ANZ&E, Mehmet Atlar, 238|8, M&&, 2+

CRRE2 BAME
ez 2xlsds
o2 2 Ut
2 =20Mds dExAG 2

OI.

= algsE sot0
ZEE 3600TEU ZHOIH &2 JIEHEe: M
SoICH ZAKEES T2 NP2 JIEHE
o 7.91m OIM & 11%EI18 8.8m & HEZ00

2e ge TEsIA.

1) CH2 &30 HISI0 ZRIAE 28
D R UIAAE B2 0IBEI0 28
o HIEE 4 Us HEOILHAEOl AANLE
M2l K25t

2) JIZLEU HISHO!
8ol aMpIEol A0t
HEIOIL RISl 24D}
BB daro M3
XD S ol

Ct.

40
fan
N
o

=
1
>

0%
103
o

P
o
>
x

u

o R
02 < o 0N 2
B b B oox

L=
£ 4

x on

T
gt

re

2

2
o
i
[

KU o -

0%
10 q©

r
o

= 09'.
i we
0g =

R 10 w
ful
Q'E
]
ra
¥ o
M
1o oy
=
oo
Hu o
B }_E
ng
o
10
H

™~
®

10 :
re

B

&
+>
et
=
x
L

X 0

OIEH ’4/\}

I I T
o
@
H
)
ul
S &

rx

o

ro

>
om px ME o
o
or ™ g
W rx
O oo i

o
0
oMo w

i

M
oo

&
ooy
>

il
3Q
Oo
o
noe
4 0@
32
jml

0
lo

no e

Ty H
Ml

2 &S0l J *3‘1Itl|El &

0l HIStH Ol JH

=Y

x
g
ol 'Ol'ﬂ

o ¢

0

i

The Authors gratefully acknowledges valuable
data and comments received from Daniel
Winters of Orbis Marine Consultant Ltd. during
the course of this study. Many Thanks also to
MPC Marine, Hamburg, for permitting the use of
the basis model test data and Mr George Snaith
of Ex—BSRA for his inspiring discussions with the
Authors.

The principal Author’ s postgraduate study
has been supported by the Korea Science and

Journal of SNAK, Vol. 44, No. 4, August 2007

387

Engineering Foundation Grant (No.M06-2004-
000-10539). Part of this project is also
supported by Advanced Ship Engineering
Research Center(ASERC) through of KOSEF
funding.

N

Ho

[pal

= {ob
|> i
N

()

(=]

=
sf

=

]

o

.

0&

0x
w0
-

oo
o I

Ho

™ =

é

)
o
i
Jg
02
i H—'
10
P
]
6
[{e]
N
02

0 tob |4 0
I
=

Hu 02 o0 3y 00
[ I S

o
10
0x

I
I

M
=)

dl

Qﬂ
R -
1
o

o
B
rx
Jo

o
12
S
> M0 mi%
T

04 ?JIE e 2 &
Halol e &

el
4

2 K
ot
[D
B R |
x lo
s
o 02
J—gy _|>| hY
> OH
L e
>t
k&l'
jo)
T
(8]
(]
°|°
S
~

pal
0x I
€ o

ZEE, 2008, “HEREMS M
OlXi= TrMigstel kol 28t o
==, W 43

ogr

- =

4
o
o
e
Ix
IR
p_;.

, Nl 3%, pp.

S
fual

X
E
_\'H
=
, T
rx
0
2
=
@ g
El
1By
o
o
B A
[
I
M

FH =L HUS!, pp. 556- 564

« Ashidate, I. and Onogi, H., 1981, Development
of Stern Shape Suitable to Equip with a Low-
rotation/Large Diameter Propeller, Nippon Kokan
Technical Report, pp. 47-54.

« Ciping. J., Liangguan, C. and Weiming, T.,1989,
“Investigation on Resistance and Propulsive
Qualities of Large Full Ship with Low Revolution
Large Diameter Propeller," Inter Symp On Ship
Resistance and Powering Performance, pp. 184-
190.

» Della Loggia. B.D.L.. and Cappelli, S., 1981,
"Experiments on Propulsive Arrangements with
Slow Turning Large Diameter Propellers,”
Bulletin De L'association Technique, Maritime et
Aeronautique, pp. 479-505.

* Flowtech, 2007, “ Developer of Software for
Computational Fluid Dynamics,”



388

http://www.flowtech.se

Kadoi, H., 1980, “Reduction in Power of Ships
Resulting From Improved Propulsive Efficiency
{Power Savings by means of Large, Slow Turning
Propeller),” Bulletin of the Marine Engineering
Society of Japan, Vol. 8, No. 4, pp. 331-337.
MotorShip, 1981, "The Ideas behind B.&W.'s
Economy Hull Designs," The Motor Ship. 58, pp.
70-72.

MotorShip, 1990, "Machinery  Technology
Provides Better Alternatives," The Motor Ship. 70,
pp. 19-22. '

Rankine, W.J.M., 1865, "On the Mechanical
Principles of the Action of Propellers,
Trans.R.LN.A, pp. 13-39.

“Inclined Keel” 2 0|88t HHOIUNES FXSE 4

o

x

7

3 =2 M 44 2 W 45 20072 8¢



