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Abstract of Thesis

The energy, materials, food and industrial products required for human living have been transported
almost by sea transport. Therefore, shipbuilding industry plays an important role in operating the
transportation networks. Grasp the reality of the situation, many companies in the world have built series types
of cargo ship to meet the needs of the marketplace. However, with the rapid advent of number of new ships, it
has led a number of difficulties such as complex system or environmental pollution. An increasing number of
ships in the world has resulted in the degradation of the quality of air and seawater. This is due to the fact that
the amount of carbon dioxide emission released from ships and industries has increased significantly as well as
the rapid exhaustion of the earth’s natural resources and the increase of fuel price. From this urgent situation,
it is indeed necessary to create a vessel with lower carbon emission and better fuel efficiency that directly leads
to reduce costs in the process of operation as well as contribute to protecting the global environment. The
objective of present study is to create and develop the Rudder-Bulb-Fin geometry designed for KVLCC2 tanker

as one of the energy-saving devices (ESDs).
The dissertation is arranged in 5 chapters.

The dissertation begins with a chapter of brief introduction about the current situation in shipbuilding
field and researches related to ESDs.

Chapter II describes the methodology which is used in this research with its boundary conditions. The
explanations on the Osaka University propeller model and mesh generation are added in this chapter. The body
force propeller model which gives the propulsive force and required torque for the ship was used throughout
this research. A brief introduction about Experimental Fluid Dynamics (EFD) using the ship model KRISO Very
Large Crude Carrier 2 which is often called KVLCC2 with a model scale of 1:100 is also provided since the
Computational Fluid Dynamics (CFD) result is validated against the EFD data in order to have an authenticity
of the research. Both CFD and EFD have the same test conditions. The experiment was conducted at Osaka
University towing tank with fully-loaded condition at Froude number of 0.142 correspond to the 3.2m long ship
model.

Chapter III presents the methodological approach of this research and the reason why it is necessary to
improve the system through the fundamental principle of prediction. Various comprehensive fin geometries in
adjusting angle of attack, changing mean camber line or thickness distribution are also presented with its
shapes and dimensions. Several simulations with different fin geometries were done by CFDShip-Iowa code.

The results are thoroughly analyzed in chapter IV for all the cases of rudder-fin and compared with EFD
data. The detailed analysis of the self-propulsion factors and flow field at the vicinity of ship stern are given.
Furthermore, various factors such as pressure distribution on rudder-fin, vortex shedding or flow separation on
fin’s surface are added in this episode. A huge flow separation region occurred under the starboard side fin
around the middle span. The main hub vortex was found under the port side fin. These problems can be
completely solved by the design of changing angle of attack, shape of fin and fin’s location. The research proved
convincingly the positive influence of fin’s shape, angle of attack, thickness parameters on propulsion efficiency.
The optimal designs were also discussed.

Finally, chapter V summarizes the salient features of the research and points out the necessary things

that need to be done in the near future.
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OEPL(1992 4F) #5217 C, EEREE CILREHRT AHRA F— LRI TWD . 2T ¥ —2h R eHE
FE EEDI (Energy Efficiency Design Index) & L CEID AL, FrEMORE R L TR ZTRT DT, &b - E
BRICKRERPER G2 CND. ZORITHEMERER EERE LTI SN 500, ExxAX—%2HME L TR
RCfE e ITHLY (1T D2 B =X VX —ETHDH. ZOMEREEHENOm E, ROGERFHETEOBENEE
NTRY . RIFZETIE, REMRE =X — (I 2 RN BRRET 2 7= 01, PERERTAT 2 BUEIE A 1A X 0 AT
I FIEL, EOFEMRRAGMHITNIC LV GERZITY FEERLTWS, -V T7-T7 0 AT A (RBFS) &xtg e
LT, ZOWEMAHEHEZRLTWD. AL, UTOLENLHER I TND

B 1ETIE, BT X— IS T 21RO RFEF 2R, REIN TV DHE =R F— (IO E
R b7 EOFEFFIEIZOVTHR LTS, LrL, RFFETHE - TV AL T -7 4 B LT, MMEE Y o
T & 7 a I %O THRGICHE LI eHEEERN DN L 2R L, AIROEMEEREZRL TN,

B2 E T, AR CHEA SO (KVLCC2 # v —) LB #E & JRA RBFS IZ DWW TR L 72 1%, BEAETIC X
LFE, BTARFE, TaxXTET AR ELEOVTHAL TS, 2O, BiEFHEOREAE T CFD-SHIP lowa
ERHWDA, ZOHRIZY —RAa— R TT a7 7 V05 BN 2 MDAt/ B O 2 — FEER LT
W5 FETRREED T2, 3. 2m B A FW TSI - BATRBRPUS O A T LA PIV EHIFEIZ DN TR TN 5.

% 3 B CIXIm AT & I8 RBFS A % L7z, KVLCC2 JB Y oA #E L, oz BAirERR & ERTH SRR
g, FRAVEHC OV T b FREAE R & ERE R A SIS L, AL COAHETFEIAHTHL I L AR L TN,

TEERMICET R S NN EBIET 22 LIC kY, MIREY OftiR L e XTI EEROFHIC LY, e XF%E
DEHEF ORI TN LI Z 2 2 L, ARMAIOkEREL < TIXTHERNANIRS, 74 /1T LTIFRFITKRE
IR AL B T LR ERETR LTS, THULOBEEZ S LICHBT 5 HEEREL TN D.

FAETEE 3B CTRESNLERFEZHWTER LIZBRICOVWTHEAEEZTo TS, ZRHOFEO—EHIC
OWTIEER E DO EIT, ZEOHRIIRFATECNDLILERLTNDS. ZNHDOFNSLHERENLEEVD
DERL, 5HOZHEARBECOGHOMEEIRE L TV D, RFEIIRELEZT> TWDOTIEZRL, Ki{bo7
AR =L LTEZ D DBIREIZONT, ETWMNGOFEMARMHTIC L VREL TODRICHERH 5.

W5 ETITAMETE LN E L REZRIT L, Km L ofmzit~~Tns.

LIED X5, ARSI ENRE =X~ OBMEFREFIEORR L, TOWRNWGEMIT T2 LICkVE
TR X OS BTGS2 5 %, EBRIC XV FEORIEZITV, BREF~FIH A2 8600 2 MR LTV 5.
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