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Abstract

Ever increasing fuel prices, almost doubled in the last three years, and global pressure
to reduce their environmental impact have been enforcing commercial vessel operators
and designers to re—assess current vessel designs with emphasis on their propulsion
systems and operational practices. In this paper the “ Inclined Keel Hull (IKH)” concept,
which facilitates to use larger propeller diameter in combination with lower shaft speed
rates and hence better transport efficiency, is explored for a modern 3600 TEU container
vessel with the aim of fitting an 13 % larger diameter propeller (and hence resulting 20%
lower rpm) to gain further power saving over the similar size basis container ship with
conventional “ level keel” configuration. It appears that successful application of the
“inclined keel Hull” concept is a fine balance amongst the maximum gain in propulsive
efficiency, minimum increase in hull resistance and satisfaction of other naval architectural
and operational requirements. In order to make the concept economically more viable, this
paper concentrates on the fore body design with the possible combination of increase of
volume in its fore body to recover the expected volume loss in the aft body due to the
space for larger propeller and its low wave—making resistance to minimize the efficiency
loss using a well-established optimization software.

#Keywords: Inclined keel(ZAFZ2), IKH(Inclined Keel Hull, ZAIE34& ), Container(2181014), Stern
form(&0I&€ 4, Trim(E&), Hull form(& &), A large and slow turning propeller(CHA 2 Mgl & T2 8 2)
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FANEBE HEO M40t 2 XIS (wave-
making resistance) AE2 A= Alols
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Fig. 1 Body plan of the Basis Hull (BH)

Table 1 Main particulars of Basis Hull
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IAIGHACH HEIMEN 2 et 8lE Al 22
HAHEHZL 12% Blte & 5-6%2 FRNEES
FE= 2102 g2 CHYamano and lwasaki 1994).
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Table 2 Comparison of geometric particulars
near propeller shafts of Basis Hull and Inclined

Keel Hull
Hull Type BH IKH
Distance from bagelme to 0.075 0.10
propeller lower tip (M)
Propeller Diameter (m) 7.91 8.9
Distance from propeller 2.22 2.41
upper tip to hull (m) (28%D) (27%D)
Distance from baseline to 10.20 11.41
hull at propeller plane (m)

Table 3 Propeller shaft immersion at design

Length (pp) (m) 232.80
Breadth (m) 32.20
Draught (m) 11.30
Cs 0.599
Propeller Diameter (m) 7.91

draught
Hull Type Basis Hull| Inclined Keel Hull
) . 1.6m trim
Operating Condition| Level Level
. ) by the
(Calm water) trim trim
stern
. lo 7.25 6.75 7.55
Design
R 3.995 4.45 4.45
draught
lo/R 1.84 1.52 1.70
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Static Shaft Immersion
Depth (l,)

Fig. 2 Static propeller shaft immersion

Table 4 Draughts at different operational
conditions

Hull Type Basis Hull | Inclined Keel Hull

Operating Condition| Normal [Harbour|Deep Sea

Design | T (M) 11.3 11.3 10.5

Draught | Ta (m) 11.3 11.3 12.1

Te (m) 11.7 1.7 11.3

Ta (M) 1.7 1.7 121

Te (M) 12.1 121 12.1

Ta (m) 121 121 121

Scantling| Te  (m) 12.5 12.5 12.5

Draught | Ta (m) 12.5 12.5 12.5

Basis Hull
Initial 1.6m IKH(Level Trim)
= Initial 1.6m IKH(1.6m trim by the stern)

Waterline

Baseline

Fig. 3 Bow profile modification for a larger propeller
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il Basis Hull
~~~~~~~~~~~~~~~~~~ Initial 1.6m IKH(Level Trim)
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o —

End of Lwl | ‘Waterlin )

Baseline

Fig. 4 Stern profile modification for a larger
propeller
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Fig. 5 Comparison of body plan at level trim
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Table 5 Comparison of main hydrostatic
particulars of Basis Hull and developed
Inclined Keel hull

Basis | Inclined Keel Hull

Main Dimension

Hull (even) (trim)
Length (pp) (m) 232.8 | 232.8 232.8
Breadth (m) 32.2 32.2 32.2

Draught Tan (M) 11.3 1.3 12.1

Draught Tiwa (M) 11.3 11.3 10.5
Displacement(mg) 50886 | 50534 50877

WSA(mM*) 9333 9181 9252
Propeller dia. (m) 7.91 8.9

Tip clearance (%) | 28%D 27%D
Inclined keel 0.40-
angle 0.00 0.00 0.45
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Fig. 7 Numerical results for favourite design
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Fig. 8 Comparison of body plan at level trim

Sectional Area Curve (Td=11.30, Level Trim)
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Fig. 9 Comparison of sectional area curve

Table 6 Wave—making resistance for two hulls

Forebody + BH aft | Diff
BH IKH Opti | (%)

Design | Tf | 11.3 | 5.004 4.657 -
Draught | Ta | 11.3 E-04 E-04 6.9

3.2 RAMEHE U HdHNE 224

9] TEE JAE32 XH HdHEE UEE Z
ZE Z2EBE ol SOl 88 2410 o
St X (waterplane area) Z2AE Ctalol)| ot &
2 81 8 =0 IA HARLE 0l= Fig. 10
Ol LIAIUE BAEED JIEHEo HOTE Sl
Bolgh = QU & HdE8o RMEHS O0IEH=
Table 7 Ol HIWSICH 22 SEZ AHONA I
ZHE OPte 22 B0F10 UM Mgt 2
e AHHARZ IH SUHSUCH

g 2 ASE AT HERHG

Fig. 10 Comparison of body plan at level trim

Table 7 Comparison of main hydrostatic
particulars of Basis Hull and optimized Inclined
Keel Hull

Basis | Inclined Keel Hull

Main Dimension

Hull (even) (trim)
Length (pp) (m) 232.8 232.8 232.8
Breadth (m) 32.2 32.2 32.2
Draught Tast (M) 11.3 11.3 12.1
Draught Tiwg (m) 11.3 11.3 10.5
Displacement(me’) 50886 | 50830 51200
WSA(m?) 9333 9210 9270
Propeller dia. (m) 7.91 8.9
Tip clearance %) | 28%D 27%D
Inclined keel 0.40-
angle 0.00 0.00 0.45

HEe MNE A= HWE <IctH &4EZZ 0!
SHIPFLOW £ AtSSIRICH S8l A& ==(Form
factor)i= SHIPFLOW 2 XCHAP £ 0

= +HOIR 2 Fn=0.252, Jdeld,
Rn=1.76E+07 2| X0IAM =&H3SIACt. S0
it «=XIH& Zk= OtcHel Table 8 Off LIEHLA
ULCHL BAEZ2 L8 XZIMEH == JIEEE
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Ol HISIH 11% Z2AGHAKXLH SAHE2 &%
1.5%&JIotRUCH.  E==HHZAHO| lEde 20
0.7%HA2A2H & N2 ZItNgl S+HYH
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Table 8 Comparison of the resistance
characteristics at design draft (11.30m)

Computation

Basis Hull (2.4::|—T|rim) Diff.(%)
Cw 5.00E-04 | 4.45E-04 -11.00
1+k 1.197 1.215 1.50
Cf 1.367E-03 0.00
(1+k)CH+Cw | 2.14E-03 2.10E-03 -1.42
Wetted area 9333 9270 -0.68
Rw (kN) 364 322 -11.6
Rt (kN) 1557 1525 -2.10

zi Inclined Keel Hull - Optimum
0.0111
0.0103
0.0095
0.0087
0.0078
00070
0.0062
0.0054
00045
0.0037
0.0029
00021
0.0013
0.0004
-0.0004
-0.0012
-0.0020
-0.0028
-0.0037
-0.0045
-0.0053

Basis Hull

Fig. 11 Comparison of wave contours from
potential flow analysis, Bottom =BH; Top = IKH.
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