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Dong-Woo Park* - ¥ Hyun-Sik Yoon - Bon-Guk Koox*

#* Department of Naval Architecture & Ocean Engineering, Tongmyong University, Busan 608-711, Korea
# Global Core Research Center for Ships and Offshore Plants, Pusan National University, Busan 609-735, Korea
#* Department of Naval Architecture & Marine Engineering, Changwon National University, Changwon 641-773 Korea

& o AT nh7kel BEWE 5 ol e ARAT FoA AeAAE Autel ddsel n&HE avsa otk AAEE A £8
FAN RS $AAOR 8THT Yov), o] RALNNE 1EA Y FAF AW YRR AT PO FHL Fu A&Hom
wel o Qrk ¥ Rl AE ouA ok AFAel FHE Fu fEA0] ME A AU AYYS Pyl Batel 2sjAT B
A7+ %522 (Humpback Whale)s) o] el Q1= 7Ither 2 ¥ 942 S-83te] AAEMe] “25ekn 2 A & F4 = 23
o 7lehe & G4 (elel, fEAlel Wekn $he vl A gk WA, AbE gL SsF ol Hol girk. of FAhe AAEAY ¢
X s} ege A4 52 BHHO Aolshs 9Ue Bk A4 A§ A FHe BExe] 94N Fol AARWe] HohEe w2
s Bl vimete] ® v A G GHERe weld & vk olA m g Aok 4 vk syt

Qg - AA A F B, APYE, T, GHRE

Abstract - Faced with global agenda of greenhouse abatement program including regulations and CO2 emission trading scheme, shipping
companies are enforced to a high level of efliciency in fiel consumption. Accordingly shipbuilding companies worldwide are required to
develop filel-eflicient ships which otherwise traditionally consume a great amount of ssil fiiels. In this dissertation, relevant to the
Improvement of fiel efliciency or commercial ships, design methodology through the numerical simulations are intensively described. This
work consists of derivation of eflective hydrodynamic design practice based on the application of longitudinal grooves to eflectively improve
the pressure distribution around ship hull. The primary objective of the present study is to improve ship resistance performance using
longitudinal grooves which originate from long strips on the abdomen of humpback whale. Several groove shapes have been extensively
investigated and the proposed shape efiiciently controlled the variation of pressure distributions acting on the hull surface.

Key words - Jlongitudinal grooves, resistance performance, humpback whale, pressure distribution
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Fig. 5 A schematic diagram of the system

Table 1 Computational conditions for KVLCC

KVLCC
Lpp(m) 55172
B(m) 1.0

T(m) 0.3586

Vs(ny's) 1.0469

Rx 46x10°

WSA(m®) 41285
TR A Adte] B AS flste], 234 ITTCelA
S8k W (Wilson et al, 2001)o] we} KVLCC olF =23
o ti3ll Casel, Case2 H Case39] Al 7HA] AAAE 11834

Ry=46x10° 91 27N F ALFES vlustsieth Al 7}
A AA7)E Table 20] e nke} 7ro] Axpsi AT
Hl & (r, = Axy/ Az = Amy/ Ay = V2)& Caselol Al Case3
2 75—?57 7k} o714, Ymin {\ixﬂiﬁﬂr A A=t
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Table 2 Grid dependence test

Casel Case2 Case3 Exp.
Grid No. | 453500 | 1,405,850 | 4,125,137 -
YP' 50 30 15 -
Yinin 0.0032 0.0025 0.0016 -
Crx10° 4.0662 3.9719 3.9352 3.9605

g8k KVLCCelH ¢l L, H B 281 Rre

L BAF
s aieh. Akl tld AQE Table 391 UEIT

Table 3 Particulars on the shapes applied KVLCC

Model Hole Hole(%odel
Lpep(m) | 55172 | Lm) | 08 14.5
B(m) 1.0 B(m) | 0.025 25
H(m) | 0358 | H(m) | 0.082 23.0

3] = 0° 5° 100 g3 15° o] 7FA = shdch o]
P 25eT FUE VFEoR A AT YPow v
P

St} Bare-Hullel d-8% w9 4252 Fig. 6914 Fig.

AR 28k e
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Fig. 6 Fore-body shape of KVLCC with Hole of
0°angle(CASE 1)

Fig. 7 Fore-body shape of KVLCC with Hole of
5°angle(CASE 2)

Fig. 8 Fore-body shape of KVLCC with Hole of
10°angle(CASE 3)

Fig. 9 Fore-body shape of KVLCC with Hole of
15°angle(CASE 4)
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285t Aot} Fig. 129] Zone A= 50l FY43te] 2
55 Fo R Q8 f&o] 7hEH L, o] O R Zone I ¥
of t&Ho] YolxlE S RAFUTE Zone M9} Zone IV
e wo At FfEY 4%t W2 AolE HYlow
A3l ko] FHHLT HolAe FAZAQ s Hola gl

t}. Zone Vel B @ Fol 4] olAE How ol

P>

s Aol well o Azt

w3 24}

OEO] LE;]X;];\_] 001:94 olzl
130 M= m e 7=
o] #dy= e

Fig. 10 Total Pressure Distribution for Original Hull of
KVLCC

Fig. 11 Limiting Streamline for Original Hull of KVLCC

Fig. 12 Total Pressure Distribution for Casel of KVLCC

Fig. 13 Limiting Streamline for Casel of KVLCC
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Fig. 14 Total Pressure Distribution for CaseZ2 of KVLCC

Fig. 15 Limiting Streamline for Case2 of KVLCC
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Fig. 16 Total Pressure Distribution for Case3 of KVLCC

Fig. 17 Limiting Streamline for Case3 of KVLCC

Fig. 18 Total Pressure Distribution for Case4 of KVLCC

Fig. 19 Limiting Streamline for Case4 of KVLCC
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Table 4 Calculation conditions for the various CASES (KVLCC)

Case A<n§)1 ) Number e Model
Bare-Hull - 1,405,850 30 Reiljiatélg %«e

Table 5 Comparison of resistances by the various CASES (KVLCC)

Case Ang le Model Fo.rce(N) Coef.ﬁcientX 10°
°) Pressure | Viscous Total Pressure | Viscous Total
Realizable k-¢ 1.27927 7.70425 8.98353 0.56560 3.40627 3.97187
Bare=Hull ) k- SST 1.40949 7.64053 9.05002 0.62318 3.37809 4.00127
Realizable k-¢ 1.32538 7.68929 9.01468 0.58530 3.39563 3.98093
Casel 0 k-0 SST 1.48468 7.62428 9.10896 0.65564 3.36692 4.02256
Realizable k-¢ 1.31067 7.69616 9.00683 0.57885 3.39894 3.97779
Casez 0 k- SST 1.44279 7.62313 9.06592 0.63720 3.36669 4.00388
o 10 Realizable k-¢ 1.32983 7.68669 9.01652 0.58749 3.39580 3.98328
k- SST 1.45993 7.61137 9.07131 0.64496 3.36252 4.00749
Cased 15 Realizable k-¢ 1.31832 7.68885 9.00717 0.58220 3.39560 3.97780
k- SST 1.44756 7.61407 9.06163 0.63928 3.36257 4.00185

Table 6 Comparison of resistances for the various CASES by realizable k-¢ model (KVLCC)

Case Angle Force(N, %) Coefficientx10%(%)
) Pressure | Viscous Total Pressure | Viscous Total
Bare-Hull - 100 100 100 100 100 100
Casel 103.60 99.806 100.347 103.48 99.688 100.228
Case2 5 102.45 99.895 100.259 102.34 99.785 100.149
Case3 10 103.95 99.772 100.367 103.87 99.693 100.287
Cased 15 103.05 99.800 100.263 102.93 99.687 100.149

Table 7 Comparison of resistances for the various CASES by k-0 SST model (KVLCC)

Angle Force(N, %) Coefficientx10*(%)
Bare-Hull o . .
(°) Pressure Viscous Total Pressure Viscous Total

Bare-hul - 100 100 100 100 100 100

Casel 0 105.33 99.787 100.651 105.21 99.669 100.532

Case2 102.36 99.772 100.176 102.25 99.663 100.065

Case3 10 103.58 99.618 100.235 103.49 99.539 100.155

Case4d 15 102.70 99.654 100.128 102.58 99.541 100.014
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