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Abstract

The appearance of CSR changes the concept of the hull form design as well as structural design, since the application of CSR
inevitably brings the lightweight increase of a ship, Keeping the original design constraints such as principal particulars, deadweight,
and speed performance, designers have to increase the volume of the hull form, As a result, the entrance angle at bow end should
become larger, which results in blunter waterline shape, For a slow and full ship having high Cs more than 0,85, a new concept of bow
shape has been required to alleviate the increase of wave—making resistance, since it is very difficult to improve waterline and
frameline shape for such a full ship, In this paper a new bow shape of Capesize Bulk Carrier was developed to improve its
wave—making characteristics without incompliance with the design constraints, For loading manual calculation, NAPA software was used,
FLUENT6,3.26 and WAVIST 4 were used to evaluate resistance performance of the subject hull forms, The newly designed hull form was
tested at SSPA model basin for the final confirmation of resistance and propulsion performance of the ship, It was found that the new
bow shape of a Capesize Bulk Carrier improved the resistance characteristics greatly compared to a conventional bulbous bow. The
other benefits of new bow shape on the manufacturability were also investigated,

Keywords : CSR(IXEEHZ), Lightweight(Zo52), Deadweight(RHSIEEZH, Full Ship(H|CHA), Wave—making Characteristics(RIFEA),
Form Resistance(SAKE)). CFD(AMESXIES!). Capesize Bulk Carrier (HO[ZAIO|X AXSIEAM)
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Table 1 Principal particulars

D Type | Type
Loa(m) 292
Lgp(m) 283 287
Breath(m) 45
L/B 6.2889 6.3778
B/T 2.7273
Td/ Ts(m) 16.5/18.2
Cs at Td 0.8600 0.8472
Fn 0.1503 0.1493
Volume(m?) at Ts 201,146 201,132

Fig. 1 Comparison of bow shapes between D Type and | Type

0.010 -
F — —o—— Cb:0.81, Fn=0.156 (Suezmax)
A - - — - CD:0.82, Fn=0.147 (VLCC)
CDb:0.83, Fn=0.157 (Aframx)
I —mmeime Cb:0.84, Fn=0.149 (207K B/C)
0.005 - D type, Fn=0.150 (Capesize B/C)
g |
0.000 -

-0.005 |-

x/L

Fig. 2 Calculated wave profiles along the hull surface of
various full hull forms by WAVIS1.4
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Table 2 Calculation conditions of CFD programs for hull
form evaluation

Governing  eq. Laplace Ean.
WAVIS No of panels
1.4 (length X breadth) 180 x18
Raised panel
height 0.01222
Governing Incompressible
equation RANS Ean.
Discretization Cell-centered
FVM
Turbulence  model Reynolds Stress
Model
Wall function Non—Equilibrium
Convection term QUICK
FLUENT Diffusion Central Difference
6.3.26 us! Scheme
Velocity—pressure SIMPLEC
coupling Algorithm

About 1,200,000

Grid numbers (w/ free surface)

800,000
(w/o free surface)
Y1+ 80
Free surface VOF

capturing (w/ free surface)
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WAVIS1.4 (potential flow)
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Fig. 6 Calculated wave patterns by WAVIS1.4
(potential flow)
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Fig. 8 Calculated wave patterns by FLUENT6.3.26

Table 3 The results of towing tank model test at the speed
of Vs=16.0knots

D Type | Type variation

Rmu(KN) 51.3 50.08 -2.4%
Cr 0.169 0.132 -22%

k 0.248 0.235 -5.2%
Pe(KW) 12,418 12,069 -2.8%
no 0.582 0.586 +0.7%
R 0.993 0.998 +0.5%
NH 1.206 1.214 +0.7%
no 0.697 0.710 +1.9%
Jrs 0.420 0.423 +0.7%
Wrs 0.338 0.341 +0.9%

t 0.201 0.199 1%
Po(KW) 17,817 16,999 -4.6%
RPM 89.31 89.48 +0.2%
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Table 4 Calculated bending moment with the most severe
loading condition
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Table 5 Comparison table of the freeboard calculations
between D and | Type hulls

D Type | Type
+527,037 +527,740
(Normal ballast (Normal ballast
Max. B.M at cond. Dep., UR cond. Dep., UR
Intact S1) S11)
condition
(T-M) —435,067 —431,264
(Heavy ballast (Heavy ballast
cond. Arr., UR S11) cond. Ar., UR S11)
+671,198 +671,901
(Ballast cond. Dep., (Ballast cond. Dep.,
Max. BMat = 2 s1a, s11) UR S1A, S11)
flooding
condition
(T-M) 579,274 582,171

(Homo.heavy cargo
cond. Int. UR S11)

(Homo.heavy cargo
cond. Int. UR S11)
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D Type I Type
Lf(m) 283.24 287.03
Vol. at 85% of
depth mid. () 235,783.3 235,627.2
Center profile area abv
scantling draft(m?) 2,036 2,068
Freeboard 306 81.6
margin(mm)
Reserve Ibuozancy 0 835 3,062
margin(m’)
Minimum .bow height 11409 1067 5
margin(mm)
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Fig. 16 Comparison of the block division between D Type
and | Type hull forms
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