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(1) Satoshi KOBAYASHI, Mitsugu TODO, "Experimental Characterization of Mechanical
Properties of Bioabsorbable Plastics after Hydrolysis", Proceedings of the International
Conference on Advanced Technology in Experimental Mechanics 2007 (CD-ROM), ID P-02
(2) Satoshi KOBAYASHI, Mitsugu TODO, "The Effect of Hydrolysis on the Mechanical
Properties of Injection-Molded Poly(L-lactic acid)", Journal of Solid Mechanics and Materials

Engineering, Vol. 1 (2007), No. 12, in press
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Fig.1 The effect of strain rate on the mechanical properties of monolithic PLLA.
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Fig.2 The effect of strain rate on the mechanical properties of B-TCP/PLLA composites.
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Fig.3 Tensile strength of 3-TCP/PLLA composites as a function of

strain rates after 16 weeks immersion.
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(1 1) TModel analysis of lower limb at deep knee flexion] Takahiro Nomiyama

The performance of CFK has been evaluated for practical use; however, there have been no
practical methods to measure the force acting on the knee joint in vivo. Also, the model analyses or
the experimental studies at deep knee flexion are quite few. In this study, we try to calculate the
force acting on the knee joint and the muscles’ forces of the lower limb by using a mathematical
model.
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Fig. 2 3DCAD model for the overdenture

Table 1 Material properties

Parts Material Young’ s Poisson’ s
. modulus ratio
[MPa]

Mandibular model | resin 7000 0.3
Gum silicone 3 0.47
Implant x 4 titanium 110000 0.34
ERA x2 polyurethane 100 0.4
CM-bar / Clip gold arroy 100000 0.3
Denture base resin 3000 0.35
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Fig.3 Load point on the overdentures
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Fig. 4 Positions of gauges for strain measurements
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Fig. 5 Comparison of axial strains between measurements and FEA results
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1)Sadowsky ,SJ, Mandibular implant-retained overdentures: A literature
review, J. Prosthet Dent., 86, pp.468-473 (2001).

DWERE, AT, B, B M E HaH wEA L I bR LA = —F
> F v oD Iy FRIEHE, F32EI A KRR N A A Ay n v RS T 0T 7 L Wik
p134(2005).
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for Predictable Treatment-, 1-7, Quintessence Publishing Co, Inc, 1999.
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Table 1 Material properties

Material Young’s modulus(GPa) Poisson’s ratio

BmE 13.7 0.3
R E 1.37 0.3
A FFh 106 0.3
77 VIVEE 3.14 0.23
FH 106 0.3
ANILth 68.9 0.28
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Load 100N

Fig. 2 Boundary conditions for FEA(ll-on-4)

(a) acrylic plastic xJ\v

Fig. 4 Equivalent strain distribution
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ENBaZ—F U X VR EN DR ECHET D, BIELUREEGOEREL LTEHEEIN3BAREOD LS
OB, AREHREONFEELHERTIZLTHD. 201, +ohBELA T REAGOBELBREL,
BB ERR G ERNT IHENBAIITDRA TV,

FERFRIY, KBEHRICKSAEMOEAZRETHIZ LITLY, RFHEEBEOBRROENE AR ESTE - LERER
TWa., I-MIRERICAVIZRTHEE (AF v R—NVFK) ORED, BAHBROBRIZKEIHETIZ LEHES
DTV FFRTIE, TR PN ERAXyHR—NV FE LEBARBETVICEROESARTZNE, HEagED
REBIUEMOEAICRITTHERTMUE. -, THo—RBEALE2B-LI0LY, ¥ vyh—A FHEICLS
FBIZOVWTHRELE.

2. ERAE
2.1 BERAEREXUERIEX

iR REARORE A DEROAEIC L > THE L - REHRE 7 Vo —2 S VICBRE L, BAREEFNVELT
A, AFx xR —NVFE LTRAWET Ha—X 501X, Sigma Type VII agarose 1wt%, Sigma Type IX-A agarose 3wt%33
VW% D 3BETHH. RBRAOBRITER4mmX & 225mmOARKE L. R LABARKEEFVIIEFLER
Yz ANVFH—TL—bNTHEELE. 2TORBRAI, 37COC0M v FaX—FNT—HBEBEEE L%, &
FiRE, v bo—LH, BEEREO3IOISELE.

AT, 2MATISREBVOR T A F—EMICHY T iRk =— A BIOEF L AV, BHI1HzZIZ T15%BEhE
MOTAHZAEEMSRAICIBRBEX . BFRTHIL, EF2REEFAOLLEICEMEEEE, OTRESE L2V
RIECHERZMGE L. ETFOEMIZ L 2EBLFMT 5D, a2 ho—ABITEF NV EEICBIOFEF 2 g R
BT L7, 1S3 (DMEM+20%FBS) 132-3H IZ1BEASHA L 7=,

2-2 Hh¥HR

¥£#1,8,15, 22 A HICBAEREETNONZNFEMEIT o1z, BEEo— F - v L2H 22 hERBRBA B, 20%/min
DOEEIZTINDEREOT L%, AREERBRAO#MBBIICEX . BN —O0FTHBHRIZT, BESELATETSH
ST OTH5S%~10%XB OB E LV, ERBEMER (Tangent modulus) R 7=,

2-3 JYyays/sJ)h(GAGER

ImiDF A=A b« 3277 (2.8 uM EDTA, 9 mM cysteine hydrochloride in PBS) IZ&RERF 2 BiE L, 70CT—8f
BIMBLIET 5 & CHBRELKE. 0%, BIKIZ/ 331 » (Papain from Carica Papaya, Fluka) #3U& 7 H 5 —¥(B
-Agarase,Wako)% 10UI 2., 37TCT—RBRfRIR L7z, BH6G0CTME L 7%, DMB (Dimethylmethylene Blue) Assay@iZ & »
TudF TV I DERS THHFHBILT ) 23 )7V b GAG) BREZRIE L.

3. KRR

HI3AFRBRICE > THELNEBARETET A OERBEERL T, BMIIERAKERLTVS. ERIBROR
HROBVNL, THo—RBRELZATICEETS. Type IXT o — R DOBEE R 4%DH3XMERT B 2 iz kv, I
DOEHERIIBAD LIz, —F, Type VIIT Ha—R ¥ iiType IX 7Hu—2 N L W AWENRE <, Type VII lwthF A0t
Type IX3wt%F A LV LEWEMERER L. Type X7 A n—2X0ARHE, BLXUType VIIT Hu—RDLBIZHBWT,
BEISAE TICEREEROARRZEANBOORE. i, Type K7 H o —XDOEEISEE, BXUType VIIZ A
—ZADOER2E BITBWT, ARROBERHEERE Y o —AROBERBRER L EBULERICELS 2ok, Type X7
Ar—RLHEL, Type VII7 Hu— X CidigICHE ) BRBEROLABLVEECHY, ILEHICAELE.

E4-6I FEKFET VICAEENAGACRETT. BT ERAERICHTE S aT A7) B DOEEE GAGK) ZRL TV
5. Type IX7'H 0 — ADGAGEIIDayl5FE T LA L TWVWAA, Type VIIT H o — 2 DGAGERIIDayl1A>HDay8iz it CALH
L, #20%DLERIIbTHThol. £/, Type X7 VO — R CITARBOASHERNR A Fu—LBELERLEERIC
WL 2o DT L, Type VIITHu—RTRIATHE Y ba—AROBICAGEEROENRD LR o k.

4. ER
WPENOT Ha—RA 5220 ThH, ANHOBMERIIa L b —ABB L UORBEISEN L LB LEVVEESR L.
—75, GAG SHEIL, TypeVII 7 Hu—ROAFHLa L o —ABOBICERR LR Lo bDD, FRLMIAR
HOGCEREMIO ZHLIABLES ko, ZOZ L XY, HBiZType XTHO—R % AF¥FE—1N F& LEBE,
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AHMEGANPREMRICL D a TS U o OEE L A v R— FR~OEHLREL . hEMStErm Ly
mlEZLND. T, BARBETNVOEBRBEMEL CACEFRIZHALHRBEBENIRD DN b, A¥ v &
—V FRICERE I N GAC B, ERERIECHTIBAERFTETNVORBBHIEKESBEELTVWELELLNS.

AHFETIE, ERANMEEI AL Lo THERBEFALOAFRIRENA LT 52 L NREEBENE. FOA D=
ZLBUTOZOREZ LGRS, —20F, FHNERSESARNOBREHIBEREL, AV /) P XF 2 va  BlE
NMUTEMOEEMREINLLEZLNS. b)Y —0i, BHNEGESVNODEREZEEL, MRoR#E2Mm L
¥ EBILRS.

BARKBETNVCAVD AR v R~V FRBEERE GACSERIZKECEETAIZ L PEREIN:. fLL B L, Type
VIIIwt%Z VTR GACE R B E BERBEMIC LA L. LA L, Type VII Iwt%7 H o —REF LD GAG & HEIX, Days
UBIC ER Liehotz, ZOBEBHE LT, RBRAND GAC S FOHBEROEINRELILNS. THo—RBEXERL
T EEVAAAOMILERIHEMLTEY, TR IV FLAB I UEERE L Y VEOMEREEERELLEZ E
BFREND. ZOBRELEENT GACHFOFSNVHNEEEE L, FERIBCBI27VAZTREIZEEEZRIEILED
DEBbnb. Type VII IwthFMZBWT, AL a2 P a— LA BOGACESERYL, HEIEEBL O ESHEDH
WCEBEVSHEREINT:. TNREFRBRBRAOLEEIZETSZLICE D, AL LEERMODEGENEREZT T L
B—EEEZLOLND. SHRITEE SN GAC T FDEFANNDRHEZHRT B0, HEBERFOGAC *EETHTET
H5.

5. £&DH
KRR T, REHR-T Vo —X X VOBELEREETNVCEANNEGAEN L5 X, HENBEORE L Bast~< 1Y
v I AEMEECRIZTREERIT L. TR, HENABIIENELAZREXTIEERATTCHY, ity
UV vERERVBEREETVOEBHIRICKRES ESTHILERRELRL. £, AFyR—A RCAWET e —2
DEALTEREREZDIEIED, AF¥HR—N FHELREMERROEE L HhFRBEEREL REFET I EBD
ot

3% 3Tk
(1) TR, L, &I, AL, ML, 2005FEFERKIFEREVLS, (2005), 211-212
(2) Farndale R.W., Buttler D.J. and Barrett A.J., Biochimica et Biophysica Acta 883 (1986) 173-177.

60.0 - 60.0 60.0 -
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D static Dstatic O static 1

a d ul ssed T
apg | - ooTETe a9 | Doomere s | Dcompressed n— ;

Tangent Modulus kPa
Tangent Modulus kPa
Tangent Modulus kPa

00 : - t ! 0.0 m l — ‘ H |
dayl day22 00

dyl Ay dyls R dng dayls

dayl days day15 day22

Cultwre Period Culture Period Cultue Pesiod
; - Fig. 2 Tangent Modulus of 3% Type IX-A
Fig.1 Tangent Modulus of 4k Type IX-A (0=6-11) Fig. 3 Tangent Modulus of 1% Type VII
agarose constructs (n=5-7) agarose constructs (n= i
agarose constructs (n=6-12)
: ’ 33
° E]l:n:':;l AO CiControl 035 { O Control
EO.S O Compression % 03 3 Static . 203 0 Static '
?0.25 50.25 [ Compression ,ilu E Compression
3 02 | g 02 g 0.2 !
Bos Fous s . ¢
5041 ,§ 01 r go(” '
g b 3o |
So.0s } 1 Zoos ; ' S 0s (
0 : , 0 - : = ' R S ‘ .
day 1 day ém eve P ::y 15 day 22 day 1 dlz: ‘smm Pm.doas 15 day 22 1 d&)‘csulm Peﬂt‘i:iy 15 day 22
Fig. 4 GAG Content in 4% Type IX-A Flg. 5 GAG Content in 3% Type IX-A Flg. 6 GAG Content in 1% Type Vil
agarose agarose constructs (n=5-12) agarose

constructs  (n=2-8) constructs (n=6-14)
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KEEBHLD 7 D DB EER LS W E kDR RE
BEBRFTFHEIETLHH FHE-. AT & Al R

1. ELHIC

[-M-VI, BA N340 T4 ML LEEITEEBBR O FEELED, BEREMSETX
ERRIRER & b0, BEHIEIEIZ CuAlS, 0 3.5 eV A5 CulnTe, D 0.8 eV & EWVEERE B /\— LT
5V, Fl, Anasg T4 MEULAYLEEIIKBER L LTOREREL. FTH. Cu(InGa)Se,
BREMEEE N — R L L KBER T, 19.5%DERBRBE LN TS 2, —F, Ag-TI-VLIEH NV
AR T A PEREEOP T H  AgInSe, ITEEFIHAE 1. 2 eV 28 b | JUR ARSI 2 #0843 C 10° om™
BELES, KBEMORREL LTS TS, BEDL Z 5, AglnSe, & AgGaSe, DIEGZHTH S
Ag(InGa) Se, KEFEMDEBRNEN 7.3 % L W OMERH B Y, AglnSe, DIERRIEICIL, HETIX, MBE
EIRT Ty v aEE Y, PR L—F Rk OREABES TV S, TRETIL, Baid,
TRZEAEFEIZL D AglnSe, BEOHELIToTERL P, LAL, "AIBRTET YV v Pwrik s ®
R VGF ¥ 1% WIZ XA ERESRESN TS DD, N7 ERICET A2 BERITP R, 2T
FRTIE, By PV RIEIZLY AgInSe, AV RRORERBER{Toz, Ay 7L REIMER, &
R CRBARLR DS WRE T, EEA2MEL LW X OFIANSH D, T E TIZ, AgéaSe,. AgInS,. CulnS,
PV REERER Yy N VABETER L, RER VI EGBBLNTNS 1219,

AR TIZ, REIRE 400 T 5 700 C L E{L S ¥ AgnSe, SV R EER L, KBEMIERD -
D DERMMEDFTHEEIT > 72, RBOFHE LT, XEH (XRD) 12k » THRFEMRL BRI A %R
O, BFFu—T7<A 7 asnlt EPMA) LY EBDITZ1Tol, 7. HEREIOEELRDE, &
—NVRE, =7 un—To Ly, EEA EBHE, XV TRE. BEBELITHMEL. BBRAE L
D BEHIHEL RED o 7

2. EBRFE

AR TIE, BIRZITRIBIO Ag,Se (99.99 %), InSe; (99.99 %) Z AWV T, (LEEFRAVHRKIC
RHBXIICERELE, ZhEFREELTHY b 7L REEZEVT AglnSe, S 7 G EER Lz, BERE
20 mm DH—R L F A A& TREIRE 400 ‘CH 5 700 °C, [FEJ 25 MPa, FXEMRH 1 B#RI T AglnSe,
NNV REREER LTz, ERR L7z AginSe, S 7RIV —RUAETAETNTWAEED., HEEE L%
IZXRD I, LLERE., ZRAE, m—LREICL Y FTMEIT-o 7=

3. ERFREBIUVEER
3.1 Mk

FRRIREE 400 TH2H 700 °C, FES 25 MPa, FREFFR] 1 BRI T AglnSe,
NNV EREER Lz, fERUEREHEL, I—Ro F 1 2DBRIZLY
ERE20 mm, EEM2 mm OPFHTH D, Fig. 11X, ERLERBZ X
EHFEL7-H D TH D, FREIRE 400, 500 °C ORE TIT. RE1AHEL .
HRBR N>, RENEIIMERER OBRIC TE B/ S REHM

Fig. 1 Sample photographs.
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PR TBRTE HREORE STHETE 2, RRIEE 600, 700 CLEMBIZARDICONTREITED
PIZIRY | ERBR OGN, £, RENBOTILIIRMBTEIBR TE RV DVWHhsL 2o,

3.2 X #BREH
Fig. 212 XRD A7 b &5RT, 25 L LT ICDD H— FdD AgInSe,'”, Ag,Se'®. In,Se,'”. AginSe,'®
LRI RS, il L2 RARHI T RTEERTH o2, REIRE 400 °CTiX AglnSe, D £ — 7 23/h & <

BB SN, MRZTRMEITHD AgSe D(112). (121) & peTvr SRR v,
DE—7 R InSe; D(006) D' — 7 RBE Iz, Fi, .

AglngSe, D (112), (202), (QDEDOE—7 bBB SN, Tt g 832 160D Agtase,
FHEOE—7 SEE SN Bl & LT Ag,Se DRLAIZ880 C. F i : ::
InSe, DRRH 890 CTTHD Z L b 9 KREUSRFRINEE i L -
Lic B2 bND, e AglnSe, PRBRENLEAL LT, In G b oo
DR 156. 61 °C. Se DA 220.2 CTROTO, ~ 7% g e oo

B SRR L. AglnSe, B TE % & D b 41T AglngSes WTX 72 & IL%mL -
ZXbND, REBEMIMNTS L, TR0 E— 2 g
BB L. AglnSe, D (112) HDO ' — ZBENBM LT, ¥yEK— g 35 L o0 0n51

ERPBIO E— 7 AR RIRE 600CTRESNA Y, £z 0 20 4 6 30 100 120
. Diffraction Angle 20 [deg.]

AgIngSes M (112), (202), (204) WD E'— 7 IIKEIRE 650 °C

THREIN2L 2V, ICDD @ AglnSe, DE—27 & —FK LT, Fig. 2 XRD spectra.

ICDD & — K X V. AgInSe, DT EHKIT a6.104 A, c=11.714 A TH B ¥, KEBE 400~550 CT
BonifEL ICDD DEL LB LT, EHDNRTOERRLNEZ, THiX XRD OFR LY. Za%E
DE—7 R AginSe; DEFIBOY— 7 BABEINIZZ LMD, AglnSe, RO FRICERBMAHFEEL TV
BT EIZEY, BFBPRELRoLEBEZOND, BRIEE 600~700 ‘CTICDD 4 — FD a i, c @D
fBEIZESW iz, XRD DFER LY, BEOBAIZLY ICDD DEIESW-EEXbRS, R arg
Z A MRS Z R CulnSe, DI FEE c/a bt c/a22 TH B D, AglnSe, D c/a tiF c/a 725 7 LS
shay HORIL P LV HEIN TS, SEHER LT X TOREITc/a@ &0, IR E—FK L 7=, XRD
DOFERL Y, ICDD DE—2 L —B LI-KEIRE 650, 700 CO c/atbit1.91 &0, KETY v V=
HCTHYERR &z AginSe, & A CIE %1572 2,

P2 7—DOREERANWTHREY A X%RD-, SEOHETIIRELEEDMR(112) FE A=, XRD
AR MVEY | REEESEMT A LN T, 12 EDE—7 O¥EBIES RoTNDH T &
NH, RIRITERLTWAZ ERNSNnD, REIRE 400 CTORIERY A XX, &/MD 65nm T, KEIR
B 650 CTHRAD 88 nm LW IRRIZAE -T2, ThL, BeR5ICB T 2B LB BT, MR
FORBEEZNSL T L, BLUOBEHBELZETZ LIIFE2RET S L THEITADTHDLDT,
AERTHRERENEMT HIZLER- T, BBV A APERLELEELZONE 2,

3.3 B¥ S u—7<A 27 uft (EPMA)

FRIRIRE OWEMIZ L7235 T, Ag. In. Se DML HLITLZBIRAVMERLIZE S\ e, BRRIREE 400 C
75 600 CTTAg & In OFIEA [AglK[In] TH oz, XRD DFRER LY, ZD & X DORKRIRE T AglngSe,
D7 BBEINTZ, [Agl<[In]d & ZiZ OVC (Ordered Vacancy Compounds) BAERINSLTVEE
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2 bivd, REIRE 700 CTRLILFERVMEROMEIE S -, Z D & & Ag-poor, In-poor, Se-rich
Thole, RMaE LTIk, Ag Z55L(V,). InZEFL(V,). #&T Se(Se;). Ag ¥ hdD Se(Sey). In VA
FD Se(Se,) IREBEZXONDH, F—FFa—THE, F—AREOCRERLY . ReHI n HomER
ERLEZEDND, FF—HRIMED Se, R Se, N7 7/ Z—RML DV LBV EEZBNB,

3.4 HLEEE

XHRIZ X D L. AglnSe, DEEEIL 5. 792 g/em® TH B 9, HREIRE 400 CTH 5 600 ‘CTIICHE L v
INSTREZRTR LT, BIRZITTRMBID Ag,Se, InSe; DE—7 | X521 AglngSe, D E°— 7 RBR I iz
ZEDh, HRERNCERBOEENREZ NS, REIEE 650 CTOEEIL5.48 g/cn® TH Y, AglnSe,
DOXERMEL Y /hZ2fBEZR LT, LU, ZORED XRD A7 ML TIREEBBEIN o7, F
BRIZA Yy P L REEZHWT Ag,Se & InSe, DI 7 #EREER LTI-E 2 A, Ag,Se 48 8. 1 g/cm®, In,Se,
7235.5 g/em* THHDOT, LEREDORERIY, BHOFENLEZX BN D, KREIRE 700 CTOEE
% 5.80 g/em® Th o7z, ZHIEICIME L ISIER CETH o7, Fig. 2 ® XRD A7 MDD HREO
v— 7 BEEINRIo DT, REIRE 700 °CT AglnSe, DEANELN-LEZLND,

3.5 Hw—NVHIE

Fig. 3 XA—NVRIEIZBT 2BEBREOERELTT, RERAICA—I v 7 EBEL LT In EFIHET
B LTz, 2 TORETAH— I v 7 HERE LN, BIRIIREIRE ORI U722 - THIMER %
RUTZ, ZHE XRD ORER LY, BREIBRE 400° C TD XRD A7 pMLTHER TR EOE—7 2R
O E— 7 BHOFEID XRD AR MR TELLBEEINTZZ L2 b, BEPOREPEREHED
NRRERY RBENLEEZOND, RRIBEEFICLUIER-T, BENSEAD L & TERENHY
MmLize&EZBN5, XRD, EPMA, HLERIE X Y. AgInSe, DEFEAHER S WI-REIRE 700 CTHEHKR
Fi10.16 Qcm Thol, KERTHONMHEIX, HEHIFIL VOF I THERR S 7z AglnSe, 7V 2 i 10
AL TERR S N7z AglnSe, IR ” LAV MEZ B/, LA LE U AglnSe, #AECH MBE ik TER I iz
AgInSe, R & th~, RE{EBRL -7, Thid, MBE HBIXEBEEZE T CHIEER LT ) OB D
B DABBBDH THR2L, BREOLOBEFELND Z &b, MBE (5 TIER &7z AglnSe, HREITIEH
BRRKEVWEEZBND P,

Fig. 4iC¥ v V7 RELBBEOREL T, ¥+ ) TREIRREBEERMC Uiz > TROER
ALl FYUTREPBDLEZFERE LT, BE&PORMBICE>TAEL KL FH—MRMBRBD LI L

1

10

AginSe, Hotpress 25MPa 1h 'E AglnSe, Hotpress 25MPsa 1h
- RT. ;‘i R.T.

° = ’ —~
cgz 10°} £ [«
— ® . -

) [ Q
g s’} O ! 100
e o @ 1" 2
= 3 ° g ® [} =
Z 107 g 2
S - e S
< ® @ o ”
3 0
-]
e T T T T ) Gl .y
400 450 500 550 600 650 700
Growth Temperature [°C] Growth Temperature [C]
Fig.3 Resistivity of AglnSe, Fig. 4 Carrier concentration and electron mobility
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BZonD, £, BEEIIHIMEREZ R L, BBEMEMLZERE LT, RERESLERETAIZ
LEB> TREEBRS QoI EBRRRELEX OB, ERBOL * LR, REIBET00 CTD
¥ U 7 REILT. 6X10%n, BEIEIITI cn®/VsTh oo, ZHHDMEIZ. VGFHETIERR S 7-AgnSe,
SOV RERO LIEVMETH o e, REETIER EN7-AgInSe, BIE T, ¥+ V 7EEIX2. 5X 10" cm™,
BEEIII8 e’/ Vs L BESN TS, RERTHELNIEICHA, v U 7TERENEL ., BEENE
Vo ZHUL, 2V T EEERDF A AT TOHBOERE & BEOEIR~DHFBBRSRRDE D EEZI LN
5, £le. R—NVBIEDORER, F—NVREIIETORBMTADEELR LD T, REBRTER LERE
BRETRTH e, Y—FEFa—THHOBRTH, ETORBTHROEER AR L, FF—#HR
M T 7872 —MRMBEY bELHFEL TS OnROEERERLEEEZ L BNSD, AglnSe,i
THRIC W ICLDE, P—F 7T TnRIEZR L L WS BERH BN, AL TERL
TeRBHI BV TH RO R B/ D,

3.6 HBEAE ©® Fgeens sgtose, "

Fig. 512, XRD DFER LY AglnSe, DEIENE 5.0 Loo'c 250 10 ]
BNRERIRE 700 ° CITBITA., Eihr =3k '-'-E- o E_R.T. ]
X REHE (ah)? L UTEBIBBE R LY £ |
F7EFT, JORENLERTORMBIEL 5 [ :
1.204 eV %87, XMEHBELT, AT RERD %‘ 20 ]
XHRTIZ 1.216 VP, 1.225 eV | WEEOIMT ~ |
i 1.21 eV, 1.25 eV LHE S TWS, KE Ho ]
BRCBLNEIICIRE L I, BFEMEL R 008 e - =
2Tz, ZHEF v U TRESCMRILOEEIZE Y | Photon Energy [eV]
BHEEMEVMEL 2ol BEX BB, Fig. 5 Relationship between Av and (ahv)2

4. ¥L&®

MR TR EAgSe, InSe;Z VT, Ry FFLRIEIZL Y, AglnSe, N7 fERDIER 2 RD T,
J£725 MPa, RLERIREEIRFRI T, ARRIRAE400 TH 5700 CLELEHT,

XBREHFOFR LY, 2TORBTEHERTH -7z, BREIRE400 CTIE, AglnSe, D™ — 27 3H$h
CBREINTD, MR ZFTHBO v — 7 RAgInSe,d &' — 7 BAEFICBE S hiz, REREHM L
Do T, MRZERMEIOE—2 13600 CTH X, AglnSe,d t'— 713650 CTIH R =, ARIBE650,
700 ‘CTICDDA — R DAgInSe, D —7 & —F L7z, HFEKIT. REIRE400~550 CTHHD N5
EHRR NN, RRIBE600~700 CTICDDY — KDa #li, ¢ BIDOMEITES =, BBV A RIIRE
BEBEMZ L7 >THERL, RERET00°C T80 nmdi g bhi-,

BEF 7 u—T <A 7anfiOBRLD . REBERMIZLEZN->T, Ag. In, SeDMIILFER
FREIMRILIE S & BERIRET0 COL &, B HiES\W\We, 20L&, bPAAgpoor, In—poor,
Se-richThoTe, A—NEE, P—FFa—THORBRLY ., nBlIORERMERLIZZ END, Se,
RSe, D FF—HERMa1BEZ Hh 3,

HERAEOER LY., REIBE400~650 ‘CTIXICDDI — FOE L Y /N EWlEL 72 57-, 650 CD
XRDARZ MLV TIIEMABABEINR o0, HEREORKR LY. BHOFEENEZOND, KE
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{REE700 CD L % ICDDAH — FOMEIZH BTV 5. 80 g/em’ 72 XIREIT O R 250 BEIREET00 C
TAgInSe, DEIENH/ LT,

FA—NVBRIEORKRLY ., REBESEMILUEZA-T, ERRITEM,. v ) 7TERETRY. BB
BIMER %2 7R Ui, XBREITT R X7 bV X O RRREBMIC Lz - T, BRERBRD LTWBZ Ehb,
REGHHA L, RREB RS Ro72Z LBREBEZX SN D, XRD ORER L Y BENE LN KRIBE 700 °C
DL E, EHET0.16 Qem, ¥4V TREIX7.6X10" cu®, BENEIT 73 end/Vs BT,

FERRBEOFRER LY . XRD OREREH S BANE LNZRERE 700 CORBHZB T 2 8HEEL R
B ol ER. BAIHEIX 1. 204 eV 2157,
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Seakeeping Estimations of Fast Ships

with Transom Stern

by Muniyandy Elangovan®, Student member
Hiroyuki Saito™*, Member

Hidetsugu Iwashita™, Member
Akio Ito**, Member

Summary

An estimation method of the seakeeping of fast ships with transom stern is proposed and validated through the
comparison with experimental results. The method is based on the potential theory and the Rankine panel method
is emploied as a numerical computation method. A transom stern is carefully observed in the experiments and it is
confirmed that the transom stern is completely dry even in free motion in waves. A condition corresponding to the
observation is derived and imposed as the boundary condition at the free-surface just behind the stern.

Numerical results are compared with experiments from the aspects of hydrodynamic forces, ship motions and
unsteady waves around the ship. Through the comparisons, the adequacy of the transom stern condition proposed in
the present study and also the significant influence of the sinkage and trim in the seakeeping estimations are confirmed.

1.Introduction

In the design of fast ships, the the estimation of the sea-
keeping qualities is important and must be evaluated from
the early stage of the design. This is because the encounter
frequency relatively increases due to the high forward-
speed and this leads to the large acceleration induced by
the ship motions and large wave pressures acting on the
hull. Additionally, the nonlinear phanomena such as im-
pact pressure caused by the slamming, bow wave break-
ing et al. become remarkable compared with conventional
ships. The forward speed effect becomes also remarkable
and negligible that is an effect from the steady wave field
to the unsteady wave field and can be captured even within
the framework of the linear and/or quasi-linear seakeeping
theories.

Notwithstanding such unconventional properties of fast
ships, the strip theory has been broadly applied to their
seakeeping estimations from the practical point of view.
Recently, application of the three dimensional methods
to the fast ships has been also proceeding. The major
three dimensional method among them is a frequency-
domain Rankine panel method (RPM) based on the poten-
tial theory??4®  The time-domain RPM®"®910)11)
that makes the nonlinear calculation possible is also at-
tempted, but not yet major from the aspect of the com-
putational cost. Most of the fast ships have the transom

*
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stern and the wave field around the stern is also nonlinear
in a sense. When we apply the potential theory to this
problem, we therefore need to introduce some appropriate
flow model to force the potential flow to be practical flow.
The treatment can be recognized as a Kutta condition in
the wing theory. This kind of modeling is not related in
detail in the most of the literatures and also have not been
validated sufficeiently.

In this paper, we carried out two experiments for mea-
suring hydrodynamic forces and for measuring ship mo-
tions. The unsteady wave fields are also measured in the
former experiment on behalf of the pressure measurement
on the hull surface. In two experiments, we observe the
flow around the transom stern and a corresponding con-
dition is derived as a transom stern condition. Consecu-
tively we carry out numerical calculations and the results
are compared with experiments to validate the proposed
condition and numerical method.

2.Formulation

2.1 Boundary conditions

We consider a
ship advancing at
constant forward
speed U in oblique
regular waves en-
countered at an-
gle x, Fig.1. The

twet

ship motion ;e
G =1~ 6
around its equilibrium position and the wave amplitude

Fig. 1 Coordinate system
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A of the incident wave are assumed to be small. wo
is the circular frequency and K the wave number of
the incident wave. The encounter circular frequency is
we(= wo — KU cos x). The linear theory is employed for
this problem assuming ideal (potential) flow.

The velocity potential ¥ governed by Laplace’s equation
can be expressed as

\I/(z, Y, 25 t) = U[@(.’E, Y, z) + ‘p(:’:’ Y, Z)] + §R{¢($s Y, Z)Ciwet]
(1)
where

6
8= 220+ 61) i 364 o
i=1

¢ _,LeKz iK(z cos x+¥ sin x)

® means the double-body flow, ¢ the steady wave field and
¢ the unsteady wave field. Assuming small disturbance
due to the ship, we can linearize the free-surface conditions
for p and ¢ in several forms. In this paper we adopted the
following free-surface conditions derived by Yasukawa *
and corresponding body boundary conditions. For ¢ it
becomes

-~V .V(Vd. V<I>)+—V<I> V(V® - Vy)
2Ko
6tp

V(V@ V) Vo +8 =0 onz=0 (3)

6
5%:0 on Sy 4)

and for ¢;
—K.¢; +2i7VE - V¢; + —I-V‘b -V(V® - Vo)

+§ITV(V<I> V®)-V¢; + a¢, =0 onz=0 (5)

%%’anj+%-mj (=1~6)
o7 _ 0o on Sy 6)
an = dn

where

("17”27"3)=na (mlymZ,mfi):_(n’V)Vv

(ng,ns,m6) =r xn, (mg,ms,me) =—(n-V)(rxV),

r = (z,9,2), V = V&, Ky = g/U? K. = w?/g and
7 = Uwe/g. m; in eq.(6) derived by Timman & New-
man *? is an influence term from the steady flow to the
unsteady flow on the body surface. Eq.(3) coincides with
the Dawson'’s free-surface condition in the steady problem
%) and eq.(5) is its corresponding form in the unsteady
problem.

If we put ® = —z, p/8n = n, and V = V]-z + ¢},
the formulation (3) ~ (6) leads to the Neumann-Kelvin
formulation.

2.2 Hydrodynamic forces and wave elevations
The steady wave elevation and pressure are evaluated

by

S _1_V6. .96 290.Ty
apry — - Ve Ve-2ve. Ty

Ps — Po _[

=1-VP.-V®-2VP .-V
T7/2) vl

on Sy (8)

Integrating the pressure over the wetted surface (z < 0),
we obtain steady forces and moment as

_//SH(ps_po)njds (G=135 (9

= R[¢e***] and un-
‘] are calculated by

The unsteady wave elevation (;

we

steady pressure R[pe

g=—§(z‘we+UV‘—V_)¢ on z=0 (10)
p=—p(iwe + UV - V)¢

U? o
—p= 2 &(B; VNV V) onSu  (11)
i=1
e (1=1,2,3)

h =
where 5, {ej—3><1‘ (G =4,5,6)

e;(j = 1,2,3) are the unit vector in z, y, z axes.
Substituting the radiation potential in eq. (2) into eq.

(11), the added mass and damping coefficients acting in

i-th direction due to the motion in j-th direction are given

by
o ]

o / (B, - 9)(V - V)mdS (12)

==V V)¢, n: dS

The wave exciting forces acting in j-th direction is simi-
larly obtained by substituting the difraction term in eq.
(2) into eq. (11). Putting v = Uwo/g, it becomes

E; T 1

2.3 Transom stern conditions

For the steady problem that treats the steady trans-
lation of ship in calm water, the modeling of the tran-
som stern flow has been already proposed. Refering the
Bertram'®) for instance, the dry transom stern condition
is derived as follows. Approximating the basic flow by
® =2 —z, the steady wave elevation {, at the stern should
be equal to the depth 27 of the transom stern. Therefore

we obtain the relation from eq.(7) in the form

(o= 5[l V(@ + ) - V(@ + )
%211(, M= (-1+¢z)]=2r (14)

Then we easily get
V1 —2Kozr at P=

where (z7,yr, 2r) shows the coordinate of the transom

P = 1- (fET,yT,O) (15)

stern.

For the unsteady problem, we carried out experiments
first. Through the ovservation of the transom stern part in
the experiments, we confirmed the following phenomena:
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1) In the measurement of ship motions, the total waves
that consists of steady wave, incident wave, diffrac-
tion wave and radiation waves due to surge, heave
and pitch motions are smoothly separating away
from the dry transom stern.

2) In the measurement of the wave forces in which the
ship motion is restricted, the total waves that con-
sists of steady wave, incident wave and diffraction
wave are also smoothly separating away from the
dry transom stern.

3) In the measurement of the added mass and damping
coefficients in which the forced motions (only heave
and pitch) are enforced to the model in the calm
water, the total waves that consists of steady wave
and heave/pitch radiation wave are also smoothly
separating away from the dry transom stern.

For the diffraction problem denoted in phenomenon 2),
the corresponding formulation can be ontained as follows.
The total unsteady waves that consists of incident wave
and diffraction wave are calculated by

(=—l(iwe+UV-—V5)g(¢o+¢7) onz=0 (16)
g wo

and this must be zero at the transom stern. Then we
obtain the condition

i i
(1 - -I?O—T-V- V)¢7= —(1 - E;V : V)¢0
=-Z¢ atP=(or,yr,0) (17)

For the radiation problem denoted in phenomenon 3),
substituting ¢ = iw.£;¢; into (10) and expressing the ra-
diation wave due to mode j by (;j, we get the radiation
wave as

(W yv),
G=—"G(1- gV Ve (9)

and this must be equal to z-coordinate of the unsteady
displacement at the transom stern due to each mode of
the forced motion. The unsteady displacement Rjce*?]
at arbitraly position on the hull is expressed by

a = (& + 28—yée)i + (&2 + z€6 — 264) 7
+(és + y€s — z&5)k = (s, 0y, 0:) (19)

Considering only z cmponent at transom stern and ex-

pressing ]
. =Y oy (20)
P=(zr,y7.0) in
where
o3 =&, as=yrls, os=-—zré

a; =0 (for j #3,4,5)

the corresponding condition to phenomenon 3) can be ob-
tained by putting {; = a;. This condition can be arranged

in the form:
0 (5 #3,4,5)
i o 1/K. G=23)
(1 B KoTV ' V) ¢ = yr/Ke (j=4) @0
—zr/K. (§j=5)

If the conditions (17) and (21) are satisfied at the tran-
som stern, then the phenomenon 1) can be automatically
explained. Therfore these conditions give us at least one
of the solutions althogh the solution can not be unique.
Other solutions may exist that satisfy eq. (19) without de-
composing @, into each mode when we consider the free
ship motions in waves corresponding to phenomenon 1).

3.Numerical method

The RPM applied in this study is a panel shift method
developed by Jensen '* and Ando '® for the steady prob-
lem and extended to the unsteady problem by Bertram ).
The radiation condition is satisfied by shifting the collo-
cation point one panel upward on the free surface. The
method has been applied to many ships and its estimation
accuracy has been confirmed up to now'”’ 1819},

The steady and unsteady potentials, ¢ and ¢;, are both
expressed by the source distributions on the body surface
SH and the free surface S¢ as follows:

w(P) 1 _ _ 0,(@Q)
¢;(P) } - /‘LH+SF {UJ(Q) } G(P,Q)dS (22)

where P = (z,y, z) and @ = (z',y', z’) show the field point
and the source point respectively, and G(P, Q) is defined
as

G(P,Q) =1/4nr, r=PQ

The body surface and the free-surface are discretized
into the finite number of constant panels, and numerical
solutions for steady and unsteady problems are obtained
such that a corresponding set of the free-surface condition
and the body boundary condition are satisfied at colloca-
tion points. The collocation points on Sy coincides with
the geometric center of each panel and those on Sr are
shifted one panel upward in order to force the radiation
condition numerically. This numerical radiation condition
is valid only for 7 > 0.5 in the unsteady problem where
the waves do not propagate to the forward direction of the
ship'®.

When we impose the transom stern condition derived
in the former section, both the free surface condition and
the transom stern condition are imposed at collocation
points just behind the transom stern®”. Fig.2 shows the
conceptual illustration of the method based on the pahel
shift technique. The panels just behind the transom stern
are not necessary when the transom stern condition is not
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Fig. 2 Panel shift method for the transom stern
problem

imposed. Then only the free surface condition is imposed
on all the collocation points. When the source surface is
shifted in the vertical direction as illustrated in Fig.2, the
method is called 'desingularized panel method’ and used
for solving the fully nonlinear free-surface problem. In the
present study, we need not to adopt this vertical shift since
our problem is not nonlinear.

4.Experiments

Two experiments were carried out using the towing tank in
RIAM, Kyushu University. One experiment is the motion
measurement test to measure the ship motions and added
resistance in regular head waves. Another one is the forced
oscillation test to measure the added mass & damping
coefficients and wave exciting forces & moment. The setup
of the model and equipments is illustrated in Fig.3, and
the perspective view and the principal dimensions of the
model are shown in Fig.4 and Table 1 respectively. Values
in the parenthesis indicate those of the forced motion test.
The hull form is confidencial at this moment and we can
not denote the details.

Motion measurement test Y M.

£ i) Fylf)

141 UNmI

I

— i

Genter of rotation g

e

)

Forced oscillation test u. L R

Fath o, Xe | F3ia;
Fpif \Fsm
L7
X .}-—L (4 M;_‘{'n [
|

Center of rotation p

{r
i
i

ks

5 Am

Fig. 3 Setup of the model and equipments

Table 1 Principal dimensions of the model

Lpp (m) | 2500 || 2zc (m) | 0.043 (0.020)
B/d | 3.000 | GML (m) | 8.584 (8.607)
25 (m) |-0.024 || wy,/L | 0.186 (0.192)

The unsteady wave fields are also measured in the forced
oscillation test. They are measured by using the Ohkusu’s
method®” along a longitudinal line of y/(B/2) = 1.52
from the center line.

Fig. 4 Perspective view of the model with com-
putation grids

Fig.5 shows a snapshot of the transom stern in the mo-
tion measurement test. It is confirmed that the transom
stern is completely dry even when the model is freely os-
cillating in waves. It should be noted that the same phe-
nomenon was also observed in the forced oscillation test.

Fig. 5 A snapshot of the transom stern in the
motion measurment test

5.Results and discussions

Fig.6 shows the ccomputation grids used in the present
calculations. From symmetry, the computation domain
can be reduced to the half (y > 0). Hull surface is dis-
cretized into 1480 panels and the free surface, which con-
sists of two regions, is 3888 panels for the main region and
297 panels for the additional region behind the stern.

Fig. 6 Computation grids (Ny = 1480(74 x 20),
Np = 3888(162 x 24), Nr4 = 297(99 x 3))

The region of the free surface is determined so that the
disturbed waves by the ship are not truncated in the trans-
verse direction and are captured sufficiently in the longi-
tudinal direction.
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5.1 Steady wave field

Fig.7 shows the comparison of the steady wave pattern
between experiment and calculation. In both cases the
ship motion is restricted in the equilibrium position so that
the sinkage and trim are fixed to be zero. The steep diverg-
ing wave that is generated around ord. 7 is observed in the
experimental wave pattern, but not seen in the computa-
tional result. This may be originated in the negrection of
the nonlinearity in the present calculation. Nevertheless,
the fundamental wave pattern is well predicted including
the stern wave.

Fig.8 shows the measured resistance, sinkage and trim
in the motion free test. This will be refered later when we
calculate seakeeping taking the influence of the sinkage
and trim into account.

Fig. 7 Steady Kelvin wave pattern at F,, = 0.5

F1 (kgf) &3 (m)
O experiment | °

4 b? {rad)

oxpwiment | ! [ e

05 4
9 001 001 ¢

01 02 03 04 05 06 01 02 03 04 05 06 01 02 03 04 05 06
n Fn Fn

Fig. 8 Measured steady resistance, sinkage and
trim

5.2 Added mass and damping coefficients

Figs.9 and 10 are added mass and damping coefficients
due to forced heave and pitch motions respectively. The
strip method and the RPM are compared with experi-
ments. The strip method seems to predict pure terms
well compared with experiments. However the coupling
terms that show the interactive hydrodynamic effect be-
tween heave and pitch motions are not predicted so well.
It will be suggested that the strip method fundamentally
based on the two dimensional calculation is not sufficient
to capture the forward speed effect and three dimensional
effect for the fast ships where these effects become remark-
able.

On the other hand, the RPM can predict even the cou-
pling terms. Especially the RPM with transom stern con-
dition presented in this study improves the estimation re-

markably. The bold line shows the result of the RPM with
transom stern condition considering the effect of the sink-
age and trim. In the calculation, measured sinkage and
trim shown in Fig.8 is used and the ship hull surface is
rediscretized taking them into account. It must be noted
that the bold line is just a reference to show the effect
due to the sinkage and trim and not to be compared with
experiments and other numerical results. This is because
the experiments are carried out by enforcing the heave
and pitch motions to the model around its equilibrium
position without taking their effects into account. The
comparison of the bold line with the thin-solid line has a
meaning to see a significant effect of the sinkage and trim
in the seakeeping estimations.

5.3 Wave exciting forces and moment

Fig.11 shows the wave exciting forces and moment at
F, = 0.5 and x = 180degs.
differences among estimation methods. Only small ad-

We can not see notable

vantage is confirmed in the calculation of the RPM with
transom stern condition. Fast ships are generally slender
as a model employed in this study. Therefore the scatter-
ing of the incident wave by the hull may not so significant
and the Froude-Krylov force may be dominant. This is
why even the strip method presents good estimations.

5.4 Ship motions

Result of ship motions at F, = 0.5 and x = 180degs
is shown in Fig.12. The strip method underpredicts the
experimental ship motions in wide range of A/L and the
resonance point of heave motion is not predicted at all. It
is known that the estimation accuracy of coupling terms
of the added mass and damping coefficients affects signif-
icantly the estimation of the resonance point*?’. Then we
can conclude that the inaccurate estimation of the cou-
pling terms observed in Figs.9 and 10 will be a cause of
the large discrepancy in the motion estimation by the strip
method.

The RPMs with and without transom stern condition
can predict the resonance point taking account of the for-
ward speed effect and three dimensional effect adequately.
The deference between two RPMs is not so remarkable. A
small improvement can be seen in pitch motion near the
resonance point. It will be rational to understand that
the treatment of the transom stern affects the pressure
distribution at the stern directly and it affects the pitch
moment due to the long moment-lever from the center of
gravity. And this leads to some effect in the pitch motion
as a result.

If we take account of the effect of sinkage and trim, and
use a revised wetted hull surface in the computation con-
sidering them, the estimation of ship motion by RPM is
drasticaly improved and gives almost complete prediction
as shown by the bold line in the figure. It has been al-
ready well understood that the effect of sinkage and trim
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Fig. 10 Added mass and damping coefficients due to forced pitch motion at F,, = 0.5

is negligible when we evaluate seakeeping of the fast ships.
Now we realize this knowledge also in this result.
We also carried out the computation by the strip method

taking account of sinkage and trim although we did not even by this calculation.
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illustrate the reult in the figure. The result was slightly
improved compared with the strip method in the figure.
However the resonance point could not be predicted at all
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Fig. 12 Ship motions at F, = 0.5, x = 180degs.

5.5 Pressure distributions

In order to see the influence of the transom stern con-
dition, the sinkage and trim, we illustrated the pressure
distributions on the hull in Figs.13 and 14. Fig.13 is a
wave pressure due to ¢o + ¢7 and Fig.14 is a total un-
steady pressure including the effect of ship motions. The
unsteady pressure term related to —pgz is also included
in this calculation. We can see the influence of the tran-
som stern condition by comparing (a) with (b) in both
figures ("TSC’ means the transom stern condition). The
difference apears only near the stern part and the tran-
som stern condition does not affect so much the whole
pressure distribution over the hull. The comparison be-
tween (b) with (c) shows the influence of the sinkage and
trim in the unsteady pressures. The shape of the wetted
surface beneath the calm water surface is changed consid-
ering the sinkage and trim. We confirm that its influence
spread to the whole hull surface and can not be neglected.

Figs.15 and 16 are showing the two dimensional pressure

distributions at representative ordinates. The horizontal
axis § indicates the angle of the arbitrary point along the
girth on the hull surface measured from the bottom toward
the water line. The origin is set along the body fixed z
axis. Therefore 8 becoms smaller than 90 degs. at the
stem part and larger than 90 degs. at the stern part in
the case of (c) since the sinkage and trim is taken into
account. The effect of the transom stern condition can
be seen by the comparison between (a) and (b), and it is
confirmed that the pressure is remarkably different near
the transom stern. On the other hand, the comparion
between (b) and (c) shows significant effect of the sinkage
and trim on the pressure distributions. Thus, using these
figures of two dimensional pressure distributions we can
justify the considerations done by the three dimensional
pressure distributions, Figs.13 and 14.

5.6 Unsteady wave field

We have not yet validated our numerical results from the
pint of view of the local forces such as pressure. Here we

0470



cos component

-sin companent -sin component

(a) without TSC, without sinkage & trim (b) with TSC. without sinkage & trim (c) with TSC, with sinkage & trim

Fig. 13 Wave pressure on the hull at F,, = 0.5, A/L = 1.1, x = 180degs.
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Fig. 14 Total unsteady pressure on the hull at F, = 0.5, \/L = 1.1, x = 180degs.
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Fig. 16 Total unsteady pressure on the hull at F,, = 0.5, A/L = 1.1, x = 180degs.
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adopt the unsteady wave elevation for this purpose. The
wave elevation itself is equivalent to the pressure distribu-
tion on the free surface and its measurement is superior to
pressure measurment on the hull surface from the point of
view of cost and convenience.

The left and right fifures in Fig.17 show the contour
plots of the heave radiation wave and the diffraction wave
around the ship respectively. Two numerical results with
and without transom stern condition are compared with
experimental results. Both calculations of heave radia-
tion wave agree well with experiments in amplutide. The
effect of the transom stern condition appears not only
in the wave elevation around the stern but also in that
at far field from the ship. It is observed that the tran-
som stern condition makes the phase difference of the
wave at far field slightly smaller. In the diffraction wave,
the effect of the transom stern condition appears more
remarkably in amplitude, and the result with transom

stern condition gives better agreement with experiment
than that obtained without the condition. This can be
seen more clearly if we illustrate Fig.17 by color con-
tour. The phase difference between measured and com-
puted diffraction waves observed at far field in Fig.17 is
also seen for other ships and even for normal Froude num-
ber. This is considered to be originated in wave-wave
nonlinear interaction®®. Therefore the the present com-
putation based on the linear theory can not predict this
phenomenon.

Fig.18 shows the wave profiles obtained by cutting the
wave fields in Fig.17 along longitudinal axis of y/(B/2) =
1.52. From these figures, we confirm that the wave pro-
file around ~2.5 < z/(L/2) < —1.5 is fairly improved by
imposing the transom stern condition. Since this part of
wave is mainly generated from the stern, it is suggested
that the transom stern condition improves the pressure
estimation especially near the stern part.
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6.Conclusions

In this paper, we proposed a transom stern condition in

seakeeping calculation of fast ships, and validated it through

the comparison of the numerical results and experiments.
Through the study we obtained the following results:

(1) It was confirmed from the experiments that the tran-

)

(3)

som stern was completely dry even when the ship
is freely oscillating in waves provided that ship ad-
vances at high speed. All the waves that consists
of the incident wave, steady wave, radiation waves
and diffraction wave flow away smoothly from the
bottom part of the dry transom stern.

A flow model was proposed to satisfy the phanom-
ena denoted in (1) and a corresponding boundary
condition was derived.

It was confirmed that the Rankine panel method
with transom stern condition rationally explains the
experimental results. Additionally the accuracy of
the seakeeping estimations was fairly improved by
taking account of the effect of the sinkage and trim
incorporated with the present transom stern condi-
tion.
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M3k U EORRENND —RETHEL 01

LD THD, FY T AEBOBAITIE, B o

DT —Z T 1=2.2TCp =043 TH B,
REKEIIOWTIL 3 BIRENRENEL 2D

NGB,

B4k, BHAECBT 2 RELEREBOTHET
b, TUF—u—F—a7 L XAEKEH WAL/ E
T8 SKY-HR350(1 kW) ) ZERE L THW:, ZORE
BIX 48 B TH Y, 100rpm BEDEKEERE THRHEX
THELTHEHME L THEIIHEIEH 25, BEHOH NI,
AC-DC BB LV EMICERLUTHHEL:-, ERT
3. KE M2, BB, BRAERHOED OV
AMER. REBRHHEE, EREZHBILZ, RERO
AFIEEERRZ OBBIZY v X TalEL Lz,

M5k, FVURBEMETFzy NEDFT Y I R—
PR=DAKE, $R=VAOAEZEELZHED
FYGA-P R RAKEORKERBRICBITHU —

Power Coefficient, U=10m:s

« Darrieus solo + Savonius 0 - Savonius 45
Cp s Savonius 90° ~ Savonius 135°
A
&
-------------- . L A
* &
,{5:3 %7
" b . 'f/ Aﬁ‘li“
%’. 3“? & ® 1:
g i ¥
f ¥4 *
o
#t :
FZ
gro s
- ;—;:;.if;‘ s
05 1 15 2 25 3 A 35

0

B4 SAKHICIH 5 ZR

K3 #YoRBEMEBAKEDO Y —FEOHEK

FEREEBLI-bDTHD, NV —FEIT. RERHNPLHA LZOTREBROERHR (K3 70%)
DERERBEFEN TS, ZOKREHRDI L. —BHEBRVOIS ) OABEMAKETHY, 7F=v b
DHRIZOVWTIHEATROEERIT 3 2B TBY, FY v ABMEY Ry REAEDREKELD
TRIZRMEETHDI LB IB REBL L TBEIT 5 1222 TIHEDOREGKEL OERIT/H IV,

o FlH

PR RAKEEZRHTEZ EICE > TRES
M2 ERESTHIENTE BN, NU—f%
BoORREIX 7 FIBREIELD DT, &8 b
7 ENRT —FREBORVKEVWERILENH B,
- REERICLYREMELRBETEL,

o TFZEHRK

RIEHER LK -REL 3 X -RE
Bl RE JLK-HREL M2 EBRMHT

0 o880

0.18 -

0.05 >

0.3

0

Power Coefficient, I"=1.0m/s, Towing Tank
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FARMEA EEORAILICET 5HR
IR FR S AT D TEBERR S A7 L TEREE KR —

MREH
B L KB ORI BRI S RERE AR 572012 CIP I MPS #: & W o - Sl fi ik
NFFELRAVEREPEERIND LR o TEEN, TOKBEMRITIILIELEXHEREEZ Y
BLLTWe, KFROEMIIHEFEDO—DOTHD MPS kL EREREZ ALY EAHEHE
FHEICIVHEEROKELABERD , TOEMAIZHT-EBRRETIZLICHS.
L ACES
YRk 18 FEICEN L SR AFEHER & 0XFARBAREOBRRIC LY, BERHEFENEFRITH
BT A5 LR IND, REEOHETEEILZOERLICHIT -&BREAOEVH LIZER
ZEV-HEESA T,
EEMRECSVTHREEOBRBEL 2o TWERATSEEZIHABRIER 2T -EBZLUTIC
NETD.
1. @EEHROBRIZBRGEN 2 I TV,
2. REMLERTIKEOHET LB, REEOERESRONS.
3. BREFRELEFIE (MPS k) OBEAEICBWTEBEER L LTIV & DR FIEMOERR
KR CRE B 2R T
LIZHOWTH, REDRF%M#\ MPS I:EM T 2 RuTEFRKBEOMBEL2HE LAl T 2L T
EERILIROBRMMERZ1To~ (B 1, 2). £55m, KB40 cmDERKEERE L., BFiEEM
T 101,234 fAORF 2 BT 23 E A E AR RE TIT o B TIBRI T4 % 31,204 RCEMEFAET, =
OEFEICBELERMIIN6 S0 1 THY  +oR B EIRNBLN TV A Z EMXER SN (R).
2IZOVTHEARDOHRIZIEL RV - b OO, BRENFERERE LR TEM THROCYMY %
THRAT>TWEEAEAR /A ABREL B E LIEERT v v x VO ZRGHICHT 2 BB FHL
BOVRIBCHSEFELTVD I L2HER L. RENICHAETE 2RAOFERLIBIC > VW TR LS
7= (X 3).
BT OWTIIRIFIER CREER & RAAFE TRERR LARSRBET 2RHEEZERA L. ZhpFEKED
AL EXZORELZITo. ZOLFROKERIIEN AR ERFETHET KR, BEAFTRD
NDRFHHOERPIRY—EBHERBRENCRT 2 1725 L, EHARSEREE TOBRFHE S
HTELMEINT, £ THRBIBHICI LT —EME L W EABKOFEF R L BEmaE T
R RS —ERRELRWE I ICEET L2 L CRENFIRETHD Z L 2R L.
% s 7= e ERICEATIMALEE L - BREBROEBESFE TITo. UTRFIETS.
€ A Hybrid Technique Using Particle and Boundary-Element Methods for Wave-Body
Interaction Problems, Makoto Sueyoshi, Hajime Kihara and Masashi Kashiwagi 9th
International Conference on Numerical Ship Hydrodynamics, Ann Arbor, Michigan, August 5-8,
2007
€ A Hybrid Computational Method for Nonlinear Free Surface Problems, Hajime Kihara,
Makoto Sueyoshi and Masashi Kashiwagi, International Conference on Violent Flows,
Fukuocka Japan, November 20-22 2007
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Moving boundary Bottom Fixed boundary ED
: il
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v

1 :2%&kTAKBIZET D ERRBIBEORE

B2 EEREREIC LD 2 KRB

0025 T T T T T T T ] T

K1 BEUHAEFEC L IHEREIBHED 1 6
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'l l L l 1 l A l 1
-0.0255 1 2 3 4 5
Total . — — : . : i
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-------- 11points
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H—RF ) Fa—T STi &L DHDERBEEREEE TS /oL ROV DR

T8 M R ZEREAHE 50
e ER (R BE

1. B#®

H—R>} ) F =2—7 (CNT;Carbon Nanotube) ITH#ERAIB LI OELREEICEN, BWIBX
MEFEHNCEEEDREVRY, Bx RS2 > MBI CHS. TOBENIEMEND, ONT
ZREMLLT, BETI7RACHIRIC MU E A MBI &SN, &BEE S EH (MMCs) 12
BNOTH, CNT 23L& LI R R ENTW5. ZbHDIFZEs D, CNT 8{k MMCs |18
NIRRT EDE I THLIN o TE TS, LcL, ONT iRt BIBIOE
TARINEDTHEEL LT, ISR LBRETHS. ZLT, &BL CNT 0@
AMEHZBW T, HEZEORIBELHIVH —IZ CNT BB > E SR ORI
HThs. £D1®, BE MMCs IZBIFAHFE T3+ RENEoh TV,

I, Al ITEET, MIE, BBIVERGELIZENT-EB THAHZEND, BIAWHET
ERIN TS, Lo, #i Al TIHREPFTFVEVIREANRHD. TORBEHOITLDIZ, o
EREDE R, MM IR LU ESIZAZAVWTEESIL TAZEREREINTNWA. &
AT, 7V REGRBOINCBEREN F L BB 2 A E2EA, MABLIW
BHFIZ KR ERBYS AP RAEL, MEDBEL TLES. 220, IR RLEGEHICE LS -E
FH#RERS B (FGMs ; Functionally Graded Materials) &322 4T, BUS DI XAREA S LN
T&%. FGMs &I T OE DD B CHEK LB RE S B F /- I3 B P I E (L L T B4
BHEEBINTEY, H—EEM BT R o7, Fil-oie 2B o323 b TVA.

AHFFETIL, CNT D7 BEER S E T ~KKRELEZITV, CNT 23kt T5 Al X
FGMs ZHIRL7. 2L C, BIRIL7Z FGMs MIZEITD CNTOS BRI AL, Ba et
OFEEBERELE.

2. EBRFE

ORE BM Al IZEHRIFE 30 um DO Al BRZRVV-. WEMICIZER 150
nm, & 10~20 um O CNT(BEFfE THASHR, VGCF) ZHV iz, ABFFE TiX, CNT O
FREGE IR ZIT O EBIED N ZIT 7=, CNT DEERFET-HDIZ, CNT OREXRE 2
L7z. CNT D48 B2 ERALEREREEZ VT AVCNT BEBEREZ/ERLT-.
HEHI AL IZ6T5 CNT E§FE 0.3 wt.%, 0.5 wt.% IBLN 1.0 wt.%DIR A ¥y KA ERILT-.
ERIL7- AVCNT BEMEKRZEHBIZAN, o—FEerZAWT, BEREREEZERLEZ. /E
ML, JEFEE 120 MPa, Z70 ANy RRE—K 5 mm/min, {R355E 10 min TEIRH RIEHE
L.

OFGMsOHIR  FGMs AR FIEL L TROEE
BEERWE. BOASEELL, BRESRBIEL
HEHML, Mbd L EmEREDEEZEIZERT
HELIDECIVELIBEEEELFIHALT, 4
ARSI 2 BT 25 TH 5. BmLSELITIICH-
D, BOHEBRBLLIEAATGA—ZTHIENER G
A5 CNT OEFRHEIZKEBIET 5. EIMEH G 1X
UTFORTHAONS. 21 R OBALALE

_ 27’DN?
g

G =~ 2DN’
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ZZT, DXEHRER, g l3IEAMEE, NIZEEE THhE.

ERLZZER RIS L GROESERITY, BERABZAIBL-. AIRIEHIT, Ar YAEH
KFICBWT, IFRIBE 640 C, EHEE G=80 BIOMRFEIFRE 60 min Thor-. AlRIL
1Y TR FGMs 3B OAFAICEIVHL, K1 OXLNSE LA FHICREE 0.0~1.0
T 10 SENTHBIEL. 2L T, BRI B EICBTS, ABOEEHEEFEL 7.

SRR RAWMIERERD ONT SBURBLEZHERR T 572012, K3 HMMEE (OM ; Optical
Microscope) Z VN T, fEBIL7- AUCNT IRAMIKRZBEL-. &5IZ, ALY FGMs DO H
WNERICEITD CNT DHECRIREHERR 3570, AR E 7T (SEM; Scanning Electron
Microscope) 2\ TBIE L. X BOEE T A7 MU(XPS; X-ray Photoelectron Spectroscopy)’
RAWT, AIBIL7 FGMs 2 B0 LIz, £, MAEAHC I AR ELRAE T -0, #
BANBEICRITIE Yy I —ABSERE L. BIERMIIHFE 2.9 N(300 gf), R 15
sec &L7.

3. RERBIUELR

OCNT DESHMERBLT FGMs [ZBITHHBURE  BAEWRERICIE, WANWARITHE
ROMGR, BEZHRMUBRERER2FERTILEUE. (BUL-BESHED OM BEND
ONT EEAREFERTAHIENTERD 2. ZOZEMG, CNT OAEMIRMm ELEZEEZ NS,
RIRL72 FGMs @ SEM IZI2MBBBEOBEELN 2 17T, REEHFEL-% T, ONT
ERERTHIENTERD T2, T, BFBICLS CNT OBMESBER THREEILND. +2
T, ABEZUIHLAZZZEONO2BEBLI-LEA, B 2 OL5IChTHRBEENCADAAR
CNT BEAEEZHARKRTHILNTE. FGMs 123175 CNT O4SBITEREE TIIH DM,
REBNERIC AL TWAZ L SR CX -,

OEWENM ~Aru o —AEX
ARBROMER, 0.5 wt.%CNT IINT 37.6
Hv E£TEEEEA ERL, # Al IDEWVEE o
EZ/HIENTE. 03 wt%CNT B
LT 1.0 WE%CNT (BT, M Al © 0 i
DIEFEIC L DERL o108, HE DM o
FULEBDIILNTE. -, TR otk
DFREREMEG, BILMELTOHOCONT Al 0 % o5 200wm
WCREE 5 2 CWAZ el

X2 SEM #£EEE (1.0 wt.%CNT)
4. &

AHFFETIE, CNT OREHEZITV, CNT OLEBMEDOH L2 ML7-5Z T, AVCNT
FGMs ZAIRIL7-. ZDOFER, ONT 2R PICTRL T3 L BL OB ERERETICLICE
D, X0 BIFRSBUREBITRENT.

XPS ZHWT, AL 7 FGMs 24347 L7-. CNT I3FEEIZ FGMs NIZ S H 3, BEEEIZ 5
BEZTWAZENHERINT. BOSEEZAVAILIZED, 0.5 wt%CNT 1238\ T, BIE&HET
BIRL7-# Al JIVEWEE 2RO, $BEOBEHEABAZLMTE, AVCNT FGMs M EH
Bl CxT-.

5. BFFeiafE
HERERE R BEH
DRICAEm 1. (MBI AR R R B
2. JUN KRR R 1 R Ferr S
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BHKMZRAV-RABORBARELUERFENETIXBHRE

LHEBRFLFAHER & &2

1. FROEE

HMREABZIIC O & T 2BEELKICRV T, BEEANIG O, T2MSHORR LT, L
V VEBROGEE T 0 7 7 A VORE R EEBNREOMA LT 5 L CORERARE ShD, HA
BOISHDFRIEIZIX, 7 7 0% —F vy — b, TR Bk CHRENHE 2 BACRET 5 5 i i E
THLHID, KAWL TE L, EEOFHAT—% 2FHT5 LV BATIX. EBERESY RO
FEEZHET D L0, FAWISHORE M % Prandtl(1927)233 = 724>, Schlichting(1979)23 %12 %
RT—FDT7 4y T P bBiELRRTEEZENEOIRASNO LB Th D, [EHAERD 2 \VERETE
FUE O RFTEBRIRFUICRNIE, b= DERILICHEY Schoenherr 28 EBRT — # % H (il 7= BB
BIRKHA S TE (LR, KSREMTS), FRIBFOANL, FRORBFHER & 2EH % 3
TOHEAETEDFRIIRESER S, BEOHAITIT, MR TR A PICEREZRMT I - L0k
VEHAIT 2RBBZBE S TWD, —F, FROBFHRFAZERIT S, hroEERRE AWV, Fik
ELTHBENDZDON, BBHRERLAANVTANLETHD, FORERF L LTKEKSH(1996) &
Osterlund(1999)iZ X ¥ 3Hfll S 7= [E ) BB O E\EARELFE G O BT ERIEFRE 2 B L THh 5
&L VA I NVZEBNEWEEIZIZ, DTORIENED LN, LA ) AVXEOMME L bIcHEIT L
K=HTBHI51L2%, LoL, BRMLEHESNTE KSR EBEBHER, A1 L7V BIC LD
AHINZIZR BN DHENFET D, TOX I RKRELBEENRENEHERIT, KS.ROEHIZEL TS
PORERLER EOHKRZH o7 b DRSNS, £ 2T, ZFRTIE KSROEHBE > HEMRR
L. 07D TRROEZEREB IRV, BB ERERCAANT AV AEE OMBIZOTER LT,

2. EBEM

ERIVEA N FRREFTIRERB N FERAE B I 2o, BMBHEICERAZBBELT. —FET
B LBROP A Z5HIT 5, FROBRBHEIL. (1) BAFEN LCEBCREIIRET S, (2)
7ua—h2HAVWTERZEELCBE2X Y v EAT5 (M138R). O2BEOFELRR, B
WIRIE LV 2 20kg ORAEHE AV, BEIZIZHEL P 5kg v — B o — FELZ L - TER
NEFHH L, FARIE 3.3mX1mX0.03m (PR A). 4.3mX1m x0.03m (E4 B) O7 /L I #-cHYE
L. BRIZFERAR (10:1) &Lk (EL, ERZBLTA-DNMII =D LEBEL L, BRAXF
O—LVEHEDTHDB), £z, BRIV ¥y —Fz o
(TEA 15° | £ 03m) 2BV HFohsdkdicL
Teo V¥ =Ty VERWRVERICIE, FREBD
JENZERIFANC 4 SONMET, MNIESHE Y (L
¥ 70mmH20) (& X 9§l L7z, ELt~DRHEr,
Mo 704 (EER: 1.0mm,2.0mm) % &
226 20cm DOALEBIZFRE L7, BTG EOEES 0.25
~2.0m/s DT 0.25m/s DA TE S, BAKIT
# 15cm MR T4 FBEX TEBREB I o7, 2B,
AT —ZITIXER /) A AR B EOM/N R RS
BEENDD, BE7 4 V5 (Wavelet) #HVT
BrEL, KET 2m £ TKBE/RIZE05 THY,
WO EIXTRE & 4 L,

HM1 EREVC7Zo-— b, E#Esn— R

0 630



3. MRRUEBE

FREEU,O—RBEPICERERBE L&, il (B4, BEL) Th»32Hh%F., A
Wi E T, & 5, ERFRKC, B LORPHEHRE  IUTO XS CEHR SN D,

F 1 T, 1 u,2
CF_IZEEWE_Lf%w:’ (0 T )
2EHRBC, 2R 2@ICR L, BEOBEWVL, BRIWAESICHIET S, BAESIZE ST,
AR RIIFA—DOBMEZR L, FIRABIGERBIZOWTHREETH o7, LA J L ZEBME S
BITIHEHURRIT KSRDEIGEVMEE R T, LA /L XEOMME &L bIZERNKREXL D, BIE
DEBREZRTIE, HRISHZ2L2RNIBOTLUTORIBE NS = & L5 ; QERER. b
FRTHmEDHER. QEATA. DY vy 7 U4 v, ()KE L TOERNE T 3 LKIEH.
ThHd, BREFIITEROBMICL > TELNEEICEZ BT RAX—THY L, £, TR TFHBET
BB ZRTEAT D LI Lo TRETHHRABOTH S, Th HITEAESICIIEKFE L2V, FRO
BIRARTHE72DIC, V—FrrxzoP vy —7xy UBRICERTAENBREOBEL S, F
7eo MU o7 UL XEFU(DIZ, BEARZEHIENY T3k, KBTI N v L 7L b b
BiELND D, BEERO—MIZ b 2o T3, HiH), @ITRAKESIEKFELTEORE IRED

5, FLAEIZ2WTIX, RRIOKE, FORBIIILALEN LRS-,
ZOFETHR SN DAL, ERIERE, . EAERF,, TREERRF,. Ny UA Vi
MEBEEND, ThRbE,

F=F

plate

+F, +F,+F, +F, , 3

ZIT, F o 0ROFRANTHS, F, BLUF I, BARSIREFELRW D, KRS EZEXT
EREBIRVWINLOHNERELEZ, F, L F i3, ESORARB ZEEOFERE AV L%
ET2HEEER U, BHABEEX, 0.25 55 2.0m/sec DHEFH T 0.125m/sec DEIRCELIE, =D
EEERINDHAR Re i . Re, 210" ThH 5, THITEBHRE SI12K-5< Re KR, =104 I2HY T 5,
2@k, FRESMUZBIZHRESN =)

NFERCTHESh-2BHFEETH D, E

MITKSKERL, BIERERIZ. KSRV bK 0.007
EREERLTVD, Zhid, REIRLEL o008
o] Emy*ﬁmﬁu%@%ﬁ@%@f% 5, Ls“ 0.004
BIT, BUKB S EER BT LI K D ERIES 0003
ETHREORAZB/EL-BESOLERIEEK '
C,PER 2NN LIz, YRDZ & Tidd 525, 0.002
AHRURE R KS R X Vi 25, EHIER L o001
Mo ¥ 704 PEROMEIX. REDRA - 0005
H52HROFEROHBNOHEEERZBZ o7, B ‘(’5- 0.004
b A F,, +F, + F, bR S h 3 £8Hi% 0.003
#c,® (€20) 2H20) L kBt 5 L. KS

HLY LIRS R>TOB, ThE, (EFIEHR 0902
+TFomzh 7)) PRERDFIZEDBZEIERK 0.006
TN EERLTWVWD, 4200 HhETRTH g 0005
EL. BOEBMHF,, ¥ANCLERFEHE 5 00
HETHE, KSHRED LA 6%ISL 2Bz L 0.003
Nh o7z, Shoenherr 1T, SEFUERE % 3HH

L7Bic, EABRPLEREROBEL B2 0002,

S2TELT, ZOMEL L TEREE L BXET
L=t EEX 53, Schoenherr 1T K.S.
RORBERDHI-DIMOL OEBRFERES K2 @BEFREK. G WAF-F -FCBI3
ZIZLTWAR, F—ZDIIboX13kx<, BHRE. (o) HLH F-F, - F\ZB T 2HU0RH
ThoDF—F0IFsoxIcBLTH. Hih@)
~@DIZOWTOBIEERBESREN TRV ERBRROBER CIIARVMNEEZ NS,
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R S BB O —KEHRMREICEET 5 ERAOS
EERFBECINI—FRE ¥ — kBE—

1. Br

BRI INF—NOLEIMN I RN —FBRETIHEREBI AT LACREEL OFENREREN, RE, T0ERALD
HENEREFHTITORTVS, PTH, BRIFAVF-DOEEKZFAX —~—REHBR L, ZO%K, BEKRNF—H
LESKTRINVF—~ZRERT 2RARREBAERL, BEOTROLEALIEVWFHEL SR TVS, LrL, Zhoo
AT AL EREZINF—DHEREZRINF—~O—REBMEL B RICT 2BEBRBAR TRV E VI REX D 5.
EROLZZRAVTRERREZRD S - LIIEETH 220 bERP CORKED 2 FRT 5 ERT 2 — FELETH D,

Z T, AR CIHEBKHRZARBEHRERB[E S8ITF 2 + 74 (BBDB) | &xt&ic, BEII/ERAT 5 iE&EH O
REBFITol, ZOERERIIEERIT2— FOREZARTH D,

2. EREELEBRGE

AHFZ2C AV Vi BBDB MR R NEMER OISR % Fig. 1 17T, WREBIRIERE. RIS R U BBDB A OBMR % Fig.2
ZRY, ERICAV AR O2KEER% Fig.3 IR,

ABFZ Cia# LR AEIC 5 5 BBDB AR SRRIM % /EM & ¥, Diffraction FlEHZFR LI, F/. #KIKIET BBDB #
% Heave 51H. Pitch FEICHMHBHEE Y, Z0& DR L EMH» S Radiation FEAZHB L7,

l Foreed oscillation mechanism l ¥y

E«—— Loadcell ~~+H '
Z . [‘ Fx
Hdave Y ”Quipgr /&‘
Piich e T
X Wave D

850mm (L), >

Fig.1 Model of BBDB Fig.?2 Experimental apparatus

600mm

200mm

Plan

thentunt \l“uvex{ Z - <\ El

T .| \ ”

= = K
\ 7 » i

X . N
\\"\\\':: maker N BBDB  Winve absorbing works
§ 3 .
E 25. Om

€ rows sectivn

el o
8 Fwave sk
Botion of wave tank 50. Om

Fig.3 Tank configuration

3. ERHERRUBR
Diffraction HEHDOEBRER % Fig.4, Fig.5 2R T, Fig.4 1 BBDB B OERENBENNELLT 5B DHER.

Fmﬁﬂ%iiﬂ%&ﬁﬁ—ﬁGkﬁﬂO%QO%%TbéoHgLijﬁﬁﬁmﬂlﬂ‘ﬁﬂﬂDﬁﬁmﬁmﬁW
HOKEF S (Fx). BEFMRY Fz). Y BEVE—2A2 FMy) 2 EhFREXRTILLEBETHS, 22T A ()
HEE., L) ERERET 5,
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AHFFE Tl Radiation SN AERE (B3 2 HIMBM S & FE I AT 2 BHBEA TR STV LREL,
FHRIME D DATINE & (A33,A55) . 35 L NS IEE LRk (B33,B55) R 7=, Radiation FilEIDEBRERE heave. pitch
DRI Fig.6, Fig. 71w ¥, T5H 6DORTIIEICHREIIEAR (s). MMIIIINER, EHREREL T ENERTIEL

-fETH B,

Fig 4~7 ORBRERIIBV TEKZBNHEENPELT 258 L EZRZNBENR—EOHE TEBA LIS,

4. iR

@ Diffraction FENITONVTIE, A/L=T~I DBRETKREL | BRERENTENIN—EDBRESITITIEFITKEL

5,

@ fMEE., EEBREREICOVTE, WThbZERERNBEAR-EOHEDHHER 2 DFEOEBKE,
Z ORI Diffraction MENBRELS BT 2RLEBE LA TH S,

Horizontal Vertical Moment
_ e T S
3 1 : . —2
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'8
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Fig.4 Diffraction force with top cover
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Fig.6 Added mass and Damping coefficient

(Heave)

B FoRARR
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Fig.5 Diffraction force without top cover
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Fig.7 Added mass and Damping coefficient
(Pitch)
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MR SANEBERT HEESR (19ME-S1)
rZHEREoBRMKICHTIERR

BIREARE ERMB (ZERERFER THERAER)
PRS- BB UM RE ISHAFRRZERT 6 F85P)

AEE : ErR194ET7TH27R (&)~7H28E (1)
B 0 WNKRE ISR EEERT T W01, W606

http://www.riam kvushu-u.ac.jp/taiharou/index-j.html  [map Z 8]
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[1] H. Nakagawa et al.,“Self-ordering of nanofacets on vicinal SiC surfaces”, Phys. Rev. Lett. 91, 226107(2003).
[2] M. Fujii and S. Tanaka,“Ordering distance of surface nano-facets on vicinal 4H-SiC(0001)”, Phys. Rev. Lett.,
July 5 (2007), in press.

[3] T. Shirasawa et al.,“Epitaxial Silicon Oxynitride layer on a 6H-SiC(0001) surface”, Phys. Rev. Lett. 98,
136105(2007).

[4] M. Ebihara et al.,“Nucleation and growth mode of GaN on vicinal SiC surfaces”, Jpn. J. Appl. Phys. 46,
L348(2007).
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HICFHAEDETAA VA a—bBEITKD, BLOMBEER—ROALDBICNh BT L LikoT:.
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Lz, 208K, FEOFHMEICN LT TOMP—EDRAMNEH > AR L 5 AKX (BEAR
) RS TEEONBT LERT.

(013:30~14:00 Appell D#FHBEE KAV REFIBEH

% &, R#¥ BF, K5 5 (A&EHK- 1)

2 BEHEMS ARRD 2 DDROBOR -3 HRRUCET 5 Appell DFEZE L VS, M THHEIH DY)
EMNAHERICHKHLL T, Deift-Trubowitz BIBF NI EZEH L DD, G A SHIS A TV A ERMEO KdV {#
FHIORMEBEBICOWVWTHRET 5.

O14:15~14:45 E B7 7 4 V7 1 IV ZF OMENEE Painlevé HRINOIBEBAIAR

RE |5 Uik - 3o

Sakai I &> THEE Nz 2BD Painlevé R0 5 5, BV, BV, BV 807 7 ¢ 7 A VBENFMER
FEONNEREER Painlevé AERDE - & L EABBAMAERT 5. Chick > TBEABREHAT
5LENB 2B5DLTD Painlevé RICH LT, iR U THNSHEBARBORIENTT LT &Itk 5.

0 14:45~15:45 E{Y & o-Painlevé ROBSE 2 & (K7

A E EX-E
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EFCHEBEREE (FV — V) DEELZBEIRTERD, HBR7 2 VIA VEATHREOEREHIRT
BT EEENMDI-.
016:30~17:00 +OEDIVIEFhIR & BEE QRT R

58 ¥ CKBoK - EfET)

RS QRT R b CAIVEMMROBEEDED I NERTH BT LERT. 56, hahu
FEFIERERD Abel-Jacobi B&2HWT, B QRT & oA Y a8k L THEEALL, BAF
IR 3 NN E <.

O17:00~17:30 HIERZ7AT7 71 —ILFEFIVICEBR MLy 7Y OB EETORIT

W0 K, &A% PR, AR B GREK - 1)

ARET, BERFTHC IO TEERHON S AVENRMB 2 0 I@ABRH T % 2 0% R T HEREK
KOWTE, KRR VI al—vay HROZEDOHEZAVCTHERIT> . ERTIIESEYEHOD
HIICERET 5 &, MBS KRELZZ EWVSIERPELN. I al—YaryTR7a774—VE
ETFNVDANE S LOBRERTEFRE/INT A— 2 E2EED SERICED > I ABROBBAN LIRS ST &
kD, EREREBRBETE L. £2BR TR, BEOHL OMERR T H 5 HREREOMBRITOELEE
ZLEFRTEICHL, KDV al—vave—HIBBTENTER. EEEMHFREIREZEM
SHBZERLEZL, BEYOMBREZI BT LICE > THEIBEDEILT BT L LEBITMNICHENSC
ENTER.
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&H BE G - #oEf2) |, @ 3% GERkK - 1)

AWAETI, FRABKONY 7))V N EHTH % Kac-van Moerbeke % & R 2 FDIERET
W EDBEFBREES ML, KM RO NRENERDI 2175 L ERICATELEROBEENDISHEZRL
7=,
010:00~10:30 FHAEEN &M RME
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(O 10:45~11:45  Exploring the Toda lattice with 3D-XplorMath (ERI[E&i®)

Martin Guest (HEAZER - HT)

We shall demonstrate the software 3D-XplorMath, which contains a series of “exhibits” on lattice
dynamics - including, of course, the Toda Lattice. This software was written by Richard Palais and
Hermann Karcher in the 1980s, to investigate minimal surfaces. It has been expanded in several direc-
tions since then, and can be used for both research and educational purposes. We shall demonstrate
some examples of lattice dynamics, in particular the Fermi-Pasta-Ulam experiment. After that we
shall mention some recent applications of the Toda Lattice in pure mathematics, such as in quantum
cohomology theory.

(O 13:00~14:00 Toda equations as paradigms of integrable (continuous, discrete and
ultradiscrete) systems (&Ffiz##)

Basil Grammaticos (/SVU$ 7 k%) , Alfred Ramani (2l - BYFH =)

We investigate the singularity structure of the Toda system. The approach used in this study
is through the Painlevé property for differential systems and its discrete analogue, known as singu-
larity confinement. We show that the Toda systems satisfy this integrability criterion. Both dis-
crete/continuous and fully discrete versions of the Toda lattice are examined as well as an extension
to the domain of ultradiscrete, cellular automaton-like systems. For the latter a recently proposed
integrability criterion is implemented.

O 14:00~15:00 FAFHEBFICEITZV Y P ORESEB EFI5EH)

ARE BT (OFREEMERD , DEE £ UK - 8)

IR BEMOBRFENIC BT BV ) F VBELEEITS 5T FILE LT 2 DOF BB F R T TR
BLELDOZAV, VU P VBEEBES I 2 L—va /K DT L. BBV Y YOI IIVFE—%
HOCTERRBZERL, RABNRTA—ZITDOVTHRFNICY ) F U OFEBREZRD. TORE, V
UERYORBEREBEEREVD 2 DORELEBBHKERR L. HEBROEIERFED S dIC
AHV Y bV DREDNEVIFE L KEVBIRICOWT, HIBEBDIC 5735 A— X EREFTHIC RS
e, e, BIEFBMET BI1id, BRERRDEE L, 2 DDOIXROEE OB Ay —VO—RHPEE
TH2HE=ERLI.

O1515~16:15 VY bV ABRADRREROERBERS (H7#H)

LH RE (RREHAZLHEED

Z7 KAV ABARFHABEROR U R 2EBREICHBEINSG. —DRENU > 1 L3 THEH
t35Lu>0THs THREDREMR. £5—DRMEN1>U >0 LA3BTHEERIL T5&
u<0TH3 TNZ2ADMERE. ZOARROADRIIARCAMTHS. LH L, BORILHEEK
(L33 L RERMICIZSD. EDOMREADBOBERICE > THLVRKHFBERI SN 3B,
016:20~17:00 FREELSOAvE—T (EFH)

FHBFHEE, R 3MELIE? HRE DR v E—
FHRF4 0RASERSRL LTLHRERE R XY

O17:10~1830 RAE4—tvav

(1) BEERSHFORPRAR LIEBRERBEEN
Wk 1%, XZ BS (REdK - I)
ARE TR, HHEDOEERAVUDHSRE FORMERSZ DK SRS FOBEMEIRIC T 23E
RECHBABRIOEORFE L OF% Kuramoto DRFEEHE AW BEZERIC K W ERT S,
(2) KP ABXDOBYV ) F Y OBRXFIES Extreme Wave D4R
N 88— (UTPA) , Gino Biondini (SUNY-Buffallo) , RJI IETT, it W— (UK - iSHEhD
KP AR DE V) b VHEERRICET 2 RIEOBAMER BEBICRDBBAEICONTEHET 3. T
DFEZRANT, BEXL D HRENKE (BTSN ABSESETE. COBEBIIERIICHT 2 extreme
wave ‘ERBEEOUD DD S 5.
(3) BMBICHBEEHER
HE X Gigk - I
HEEICRET MRS ERENENEEEAIOEZ S, BN TREL-SEEROBR A H
DRNICIEHT 3T L TRERTLEHEESER ENB T LR, 2B RCHREAYTRES
DA VEEHEREESNERINBAEEMRIC DOV TEEZ 3.
(4) JFRESRERAVCTERERS EICBIT 2%
HH B, &l 5h— (RELA - IT) , B8 HPe GIERFA - ARER
Rr R{H5 8% F\ 7z Kakarala-Ogunbona OERIMR 7V TV X LB A OB SR T 1 )V 2%
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T 3. TORD, BROUMEREAL T 1 WEDERNTRETH 5. AFEDOEHGTEHEDIGHICD
WTEBZITS.
(5) KENIFRICE CBRRBIV—IVERDZRIT CAILDWT

it Bt (RREHA - HT) , 8 BR Gk - 0883 |, S BR (BfEAK - #I)

KEHIERICEESRARET 2 - Xt CA ZBETS. TO CARRBIANED &K 3 /82— WHEE
L, ZO1R2—VAELOEETT IR PHEEIET . £z, BLLHEENAJEETH D FOEREIZ L
DhHIRY .

(6) M 2 BIFRIcH T 3 58 BHERERE

$]5K BT, fRix @ (BEK-HT)

HEE & REIC N 5 2 EHORFIC DOV THRE— BHEH OB 2 HETHNC Tz, HERRERE T
WA= VEFVERVT DS A7 24 L2E UHEES 2R LIEBBEELTWSC
WD, BESATRALEKDB T EHNHEK. FFHEIIRSAZRLELTSA T 2A LHEERE
RLERRERHEL 2. AROFEEZAVTCEGMEETRFRE/ NS X2 L FE L CiRiE L &
EHEIC B UMEREER L. HRTIEEEORERK|ERR L.
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(010:45~11:15 Fano resonances at light scattering by a finite obstacle and their modeling
by a discrete chain

Michael 1. Tribelsky (JUNK - $38, Moscow State Inst. Rad. Electr. Aut.) , Sergej Flach
(Max plank Inst.) , Andrey E. Miroshnichenko (Austr. Nat. Univ.) , Andrey Gorbach (Univ.
Bath) , Yuri S. Kivshar (Austr. Nat. Univ.)

It is shown that elastic resonance scattering of light by a finite size obstacle with weak dissipation is
analogous to quantum scattering by a potential with quasidiscrete levels and exhibits Fano resonances.
Localized plasmons (polaritons), exited in the obstacle by the incident light, are equivalent to the
quasidiscrete levels, while the radiative decay of these excitations plays exactly the same role as
tunnelling from the quasidiscrete levels for the quantum problem. Mie scattering of light by a spherical
particle and an exactly solvable 1D discrete model with non-local coupling simulating wave scattering
in systems with reduced spatial dimensionality are discussed as examples.
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EIGROICHTETE .

O 16:00~16:30 EERHEREBENT BIEBEBRET— K
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Tensile properties of ramie yarns by cyclic load treatment
o\ EHLA— (LAX)

In order to improve the mechanical properties of ramie yarns, in this study, a new mechanical
method, namely, cyclic load treatment, was developed by applying a load on the ramie yarns up to
a proper value and then unloading, for different number of cycles under high temperature or wet
state. The results of tensile tests revealed that compared to the untreated yarns, a significant
increase of around 20-50% in tensile strength and about 70-120% in Young’s modulus was
obtained for the cyclic load treated yarns. In comparison, after the individual heat or wet treatment
without cyclic load, it was found that tensile strength of treated yarns remained unchanged as the
original value while Young’s modulus was decreased remarkably, which implies that the
introduction of cyclic load to the individual heat or wet treatment plays a crucial role in
strengthening and stiffening of ramie yarns. To interpret the inner microstructural changes in the
cyclic load treated ramie yarn, X-ray diffraction (XRD) measurement has been used. The
crystallinity and crystalline orientation degrees calculated from X-ray diffraction diagrams
showed little change in ramie yarns after cyclic load treatment. This suggests that the improved
tensile properties of ramie yarns can be supposed to relate to the decreased microfibrillar angle
and the general orientation, mainly the part of amorphous orientation in the fiber microstructure.
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In this research, we employ a 3 dimensional (3D) resistor network model to predict the
electrical conductivity of a nanocomposite made from an insulating polymer containing randomly
filled carbon nanotubes (CNTs). In this model, with the assumption of randomly distributed
CNTs in the polymer, Kirchhoff’s current law is used to set up the system of algebraic equations at
different nodes in the network connected by CNTs. The macroscopic current of the composite
can be calculated with applied external voltage by solving the system equations, and then Ohm’s
law is employed to predict the macroscopic electrical conductivity of the composite. Moreover,
the corresponding experiments are performed. The present experimental results plus some
previous experimental results by other researchers are employed toverify the numerical results.
The verified numerical model is then employed to construct a simple and reliable empirical
percolation theory. For the application of CNT/polymer composites as highly sensitive sensors,
by considering the tunneling effect between CNTs, the present numerical model is further
extended into the case of composites with prescribed strains. The relation between the strain and
the electrical conductivity can be estimated numerically. A highly sensitive strain sensor is made
from this new nanocomposite. Finally, both numerical and experimental results demonstrate that
this new sensor possesses much higher sensitivity or gauge factor compared with traditional strain
gauges.
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Conductive polymer composites have been widely utilized in a range of applications such as medic
al devices, biosensors, and electromagnetic interference (EMI) shielding applications. They are general
ly synthesized with carbon-based fillers such as carbon black, carbon fibers, and recent single-wall ca
rbon nanotubes (SWCNTSs).

Single wall carbon nanohorn (SWCNH) is nanostructured graphitic tube '} similar to single wall ¢
arbon nanotube (SWCNT). Since laser ablation method produces these nanostructural SWCNHs in bul
k quantities with high yield (>95%) under ambient conditions without any metal catalyst, SWCNHs h
ave high purity with comparison to SWCNTs. Properties like high surface area, high thermal stability

and conductive atomic structures coupled to unique internal nanopore and interstitial nanopore struct

ures make SWCNHs unique materials with numerous potential applications as adsorbents, molecular si
eves, catalyst support, and drug delivery. To extend the applications of SWCNHs, we investigated to
prepared conductive organic polymer composites with SWCNHs.
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The making technology of the nanofiber and the nanocomposite by the electro spinning process
was examined. The following two were chosen as a reinforced fiber. 1) Aramid nanofiber. 2)
VGCF reinforcement nanofiber. As for the nanofiber reinforced with 5wt% VGCF, the modulus has
tripledcompared with the original. These nanofibers can make the nanocomposite by some
methods. One is a method of spraying the resin (adhesive) at the same time as spinning the
nanofiber. Another is a method of impregnating the resin after the nanofiber is made. The volume
fraction of the nanocomposite can be controlled according to the compressibility of the molding.

F /Y4 APA—RE STV RRBOEY
T At B R BHOUK-SAH

A hand made nano-whisker reinforced glass ceramics used for the artificial tooth is developed. Co
mmercially available white nano-whiskers 9A1,032B,0; and dental glass-ceramic powders of porcelain
AAA are used as reinforcement and matrix. A wet mixing process is conducted to ensure a homoge
neous distribution of whiskers in the whisker/powder mixture by the use of a mortar. The remaining
hand made procedures and the heating process of nano-whisker reinforced glass ceramics are the sam
e as those of glass ceramics without whiskers used by ordinary dental technician. The hand made cer
amics specimens are investigated by means of SEM, EPMA, hardness tester and testing machine for
various whisker weight fractions. Slight increase in stiffness and a moderate increase in flexural stren
gth and toughness are observed. The reinforcement does not give serious damage if the weight fractio
n of whiskers is less than 10%.
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Numerical Simulation on Flooding and Damaged Stability of Ships by VOF Method
Zuogang CHEN and Ning MA (Shanghai Jiao Tong University)
CFD software FLUENT is adopted to simulate the viscous flows around a 2D damaged cabin section.VOF
method is used for the tracking of the interfaces. Some important CFD elements are investigated in pilot
computations. Based on prescribed motions and 6DOF respectively, the flooding phenomena are simulated.
The simulations may predict a physically true flooding. The main challenges, such as smeared interfaces by
VOF method, quality control of grid regeneration and pressure oscillation during 6DOF computations, are
discussed. The computations will be expanded so that the numerical simulations can be used to take
precautions against ship damage.

0890



Influence of a Bottom Mud Layer on the Steady Wave Making Resistance
Masaaki Sano (Hiroshima University)

The rigid bed of many ports, harbors and river estuaries is covered by a mud layer, where ship’s
hydrodynamic characteristics are changed due to generating internal waves. For a safe navigation, ship
behaviors must be predicted precisely.
In this research, three dimensional wave making problem in two layers with finite depth is solved by Rankin
source method. And a new interface condition is derived, assuming both fluids are potential flow. As the results
it’s shown that the waves on free surface are affected by the interactions from internal waves, causing the wave
resistances to be changed. This research is just on the way at the present. So more verifications and discussions
to their results must be needed.

&

Ship Performance Evaluation by Oceangoing Simulation
Noriko Hase and Munehiko Minoura (Osaka University)

We propose a new method to predict the ship performance by means of stochastic oceangoing simulation.
This simulation clarifies ship’s statistical behavior in actual seas where sea states vary hour by hour and
provides the probability density functions of passage time and fuel consumption. We show the result of a test
calculation of a container ship crossing the North Pacific.

The oceangoing simulation uses the time series of short-term sea states. We can make many cases of the
time series from the stochastic process model determined for the occurrence probability distributions of
short-term sea states.

The time series of nominal ship speed loss is simulated in the above sea state time-series. Nominal speed loss
are obtained as the solution of an equilibrium equation among engine power, propeller thrust and stationary
external forces/moments, i.e. hydrodynamic force/moment, rudder force/moment, maneuverability
force/moment and wind force/moment. Through this simulation, short-term ship responses are provided. By
using the two time series, namely the sea states and ship responses, we can make the quasi-navigation on a
computer. As a result of this oceangoing simulation, passage time and fuel consumption are predicted.

This method has the advantage that operational effects can be considered. We will try to calculate it.

Some Numerical Checks on the Acceleration Field in 2D NWT
Guanghua HE and Masashi Kashiwagi (RIAM, Kyushu University)
The problem of vibration of vertical wall by an initial elevation of free surface is solved in nonlinear
numerical wave tank based on Mixed Eulerian Lagrangian method. However, we found several numerical
problems, such as in satisfaction of the complete absorption of reflection waves. Then, in order to understand
what keys in resolving the problems are, we started studying the linearized problem and a comparison was
made between numerical results and an analytical solution provided by Sturova. The distribution of temporal
derivative of velocity potential on the wavemaker surface is also illustrated with two methods.

Hydrodynamic Derivatives Investigation on Unconventionally Arranged Pusher-Barge Systems
Koh Kho King (Hiroshima University)
Unconventional arrangement of pusher-barge systems were studied in this paper. Pusher-barge systems
consisted of 4 barges, 6 barges and 8 barges with one pusher were tested in various combinations. Captive
model test was performed on the various combinations at Hiroshima University Towing Tank. Hydrodynamic
derivatives of the systems were obtained from the model test data by using least square analysis method. For
asymmetry condition, hydrodynamic derivatives Y's, Y'w, N'g, and N'y, were added in force and moment
equations in order to get better fitting of the least square curves. Motion equations were modified to cover the
asymmetry cases of pusher-barge system with lateral force and yaw moment due to the asymmetry
arrangement included. Turning simulations (with 20 degrees in sudden angle change) were carried out and the
comparison of advance distance and tactical diameter were made.

Motion Simulations of Tow and Towed Ships in Waves
Hironori Yasukawa (Hiroshima University)
A simulation method was developed for longitudinal motions of tow and towed ships in regular waves.
Motion equations were derived of the tow and towed ships, and the towing cable which is expressed by the
lumped masses connected by a truss element. Motion simulations of tow and towed ships in regular waves
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were carried out by numerically solving the equations. As a result, the simulation shows that longer cable
reduces the impact force acting on the towing cable in waves. The verification of the present method is needed
through the comparison with model test results as the future work.

Hydroelastic Behavior of a Long Flexible Structure in Irregular Waves
Ken Takagi (Osaka University)
Using one year measured wind data and wave hind-cast data, we investigate the statistical property of the
wind and waves in the EEZ of Japan and its surrounding area in which we assume VLMOS navigates. It is
confirmed that the stochastic distribution of the wind speed and the significant wave height is approximated by
the Weibulle distribution. In addition, we perform a navigation simulation of VLMOS in which we used 144h
wave forecast data to increase the generated power and not to meet the high sea. Using the simulation results,
the stochastic distribution of wave height experienced by VLMOS is discussed. It is found that deformation of
the stochastic distribution obtained from the sailing simulation has a relation with its capacity factor and it is
quite reasonable. The result of the fatigue assessment shows that VLMOS seems to have enough fatigue
strength for twenty year operation even if its capacity factor exceeds 40%.

Control of Vertical Motion of Fast Ship
Jang-Whan Bai and Yonghwan Kim (Seoul National University)
The application of linear and nonlinear algorithms for controlling vertical motions of a fasthip is considered.
Three control algorithms, PID, LQR and sliding mode control algorithms, are used to minimize the vertical
motion of the hydrofoil vessel considered by Kim and Yamato (2004). The motion responses in regular and
irregular waves are compared for all the algorithms and also experimental data. Based on the present study, the
followings are found:
(1)PID control is easy to tune the set of control gains, but hard to get good results in every cases. Sensitivity
toward wave height is very strong in irregular waves.
(i1))LQR control shows a good performance in various wave environments, and it provides effective attenuation
of the motion with small control inputs.
(iii) Sliding mode control provides the most reduction of motion in most of cases with larger control input than
LQR. However, motion easily tends to be unstable when with the poor information.

Analysis of Multiple-Body Problem by a Time-Domain Rankine Panel Method
Kyong-Hwan Kim and Yonghwan Kim (Seoul National University)
Demand on the motion analysis of adjacent multiple bodies is getting increased for the design of large
offshore structures, e.g. FPSOs for LNG or crude oil, and FSRU. Existing studies on this problem — so called,
N-body problem — have been based on frequency-domain method or impulse-response function approach
which still requires the solution of frequency-domain solution. The present method adopts a time-domain
approach, and Rankine panel method is applied as a method of solution. The linear motion responses of each
body in the situations of ship-ship and ship-barge are computed, and the motion RAOs are compared with
other computational results and experimental data, showing a fairly good agreement with experimental data.

Introduction of WISH JIP for the Prediction of Nonlinear Ship Motions and Loads in Waves
Yonghwan Kim, Kyong-Hwan Kim, and Yooil Kim (Seoul National University)
Currently WISH joint industry project is being carried out by Seoul National University under support of six
sponsors, including Hyundai, Samsung, Hanjin Heavy Industries, Daewoo Shipbuilding and Marine
Engineering, STX Shipbuilding, and Korean Register. In this project, we are developing WISH (Wave-Induced
SHip motion and loads) program to predict the seakeeping performance of real commercial ships. In this
presentation, its theoretical background with some example results is introduced. WISH program is based on
time-domain Rankine panel method adopting bi-quadratic B-spline basis function. It is capable to analyze
linear and nonlinear ship motion, wave-induced loads, and other motion-related problems. It has other
extensions such as springing analysis, multiple-body motion, and parametric roll motion.

Recent Progress of Numerical Modelling of Viscous Free Surface Flows Using Spectral Element Method

Hong Gun Sung and Key Yong Hong (Maritime and Ocean Engineering Research Institute)
With the aim of solving wave and current interaction problems when the background current flows are
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non-uniform, we are developing an efficient numerical method for viscous free surface flows. The present
methodology analyzes viscous free surface flows in the context of the Navier-Stokes (N-S) equations and this
paper presents a numerical model for their simulation with a brief description and extensive numerical
validations.

The governing equations are solved through the Spectral Element Method (SEM), which possesses the
property of high-order spatial accuracy as proposed by Karniadakis & Sherwin (2005). In order to deal with
the free surface motion in time, the Arbitrary Lagrangian-Eulerian (ALE) method is utilized. It is shown that
the proposed SEM and its present implementation produce very accurate and convergent solutions to the
Poisson equation, the Helmholtz equation, and a manufactured problem of the N-S equations. Numerical
results of the lid-driven cavity flow are compared with other numerical results. As for the viscous free surface
flows, viscous sloshing with a prescribed initial free surface profile is simulated and it is shown that the
present methodology gives very reasonable results for the small-amplitude problem. Additional computations
were done for soliton propagation and run-up against the vertical wall, and wave generation problem by
variable pressure distribution.

We anticipate that the present flow model and numerical method produces more realistic and complex
viscous free surface flows such as evolution of nonlinear free surface waves in the presence of uniform and
non-uniform current in near future.

A Hybrid Method between Particle and Boundary Element method for 2D Simulation of Waves

Makoto Sueyoshi (RIAM, Kyushu University)

A hybrid numerical scheme to compute complicated wave problems is developed. The present method is a

kind of domain decomposition methods, which combine NS solver and potential flow solver. A Particle
method is employed as the NS solver and a linear boundary element method is employed as the potential
solver. In order to exchange flow information between divided regions, a special moving interface boundary is
introduced. In this study, numerical details of the scheme and some numerical examples of 2D wave problems
are presented and discussed.

Computation of the free surface flows using a conservative interface capturing method
II-Ryong Park, Kwang-Soo kim, Jin Kim and Suak-Ho Van
(Maritime and Ocean Engineering Research Institute)
This presentation firstly provides a brief introduction of the validated Level-set results for the benchmark test
cases adopted by CFD workshop Tokyo 2005 and presents a new developed VOF method, RHRIC (Refined
High Resolution Interface Capturing) which is based on the HRIC’s differencing schemes with different
blending and linear weighting approaches. The present RHRIC solutions for the simple VOF advection
problems show more compressive and sharp features of the interface than those of the HRIC and MHRIC
(modified HRIC of FLUENT). In the dam break validation case, we found out that turbulent flow effects are
apparent in the measured free surface elevations and pressure. The present numerical results obtained by using
a high fidelity RANS computation show more reasonable agreements with the experimental data than the
laminar flow results. We are performing further validations of the present VOF method for 3D steady and
unsteady free surface flows including hull forms.

A Comparative Study on Numerical Methods for Wave-Body Interactions
Masashi Kashiwagi (RIAM, Kyushu University)
At Research Institute for Applied Mechanics (RIAM) of Kyushu University, extremely nonlinear wave-body
interactions have been studied by means of CFD techniques and the developed computer code, named
RIAM-CMEN (computational method for extremely nonlinear hydrodynamics), is validated in several ways.
In this paper, the frequency response characteristics of the wave-induced motions and added resistance on a
ship running at constant forward speed in waves are compared to various results measured in a newly
conducted experiment and computed by NSM (New Strip Method), EUT (Enhanced Unified Theory), RSM
(Rankine Source Method), and RIAM-CMEN. It is shown that the overall agreement of computed results by
RIAM-CMEN is relatively good as compared to other linear-theory results.
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BFRIVY T RICKZIEERILAOEEEEHSE
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EMOBUEHEIRB VT, ARY Mb&t:&:éNavier-Stokesﬁﬁiﬁ@ﬁ&&fﬁ?iav—“/a‘/(DNS)‘(*tet. BE
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B FOEFHEE & ZOEARNOEE
A

It is proved that the famous third-order structure function of the velocity in homogeneous isotropic turbulence derived
by Kolmogorov implies the statistical interdependence of the difference and sum of the velocities at two points separated by
a distance r. However, this is inconsistent with Kolmogorov’s hypothesis regarding the difference between such velocities,
made in 1962, in the sense that it implies that the statistics of the non-dimensional prefactor of the velocity difference
are not universal but, instead, depend on the velocity sum.
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0 980



RIVF 757 2IVEHAFARODREREST W EBRRLERD IS V2V R
JI1 6§ Fe =

BOEREEEZREAHEORERV AT LICEENCRONS MHEAL R OEPEHEHREDOS I oM
DT EGHREAERR L. EHREERICPEOTAL LT TR BENICERMT, TV Tik, RO
REABAZEMIaL—varveaih e/ N E A ERTY /0 ERHET2FERXBBCLEANLLT
W3, baker’s map, BX U, B &Nz baker's map DEAEBRBFILBNT, WHEBHRLVLSIBEAVCER
BRI EFMET I LN TEE.

F—RELRORE MRS IC & TR
B KIE

Inhomogeneous turbulence in an incompressible viscous fluid is studied statistically using the cross- independence
closure hypothesis introduced by the author for closing the Lundgren-Monin equations of the multi-point velocity distri-
butions. First, the turbulent velocity is decomposed into the mean velocity and the fluctuation velocity around the mean,
and then the equations for the mean velocity and the one- and two-point distributions of the fluctuation velocities are
obtained. The mean energy dissipation rate is expressed in terms of the fluctuation-dissipation integral. General statisti-
cal characters of these equations are discussed and a few typical distributions for inhomogeneous fluctuating turbulence
are derived as the solutions.

FFERENT - FREWEFORBICHT T—HEBREE-—BRBORRTHE—
B IR X
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HLROBFILAREMREICEIIZR T~V JRI
%38 W
FEEW, RUZNICESTRESNBZ RV TRAAS— K BIBZERELZOXY—Y YV FHICDOWT, kB
BEEBEE RO T~ X (RABF R 2048%, Ry ~600) AW -MRIF2{To7. BIZHEE -8 CHLYE (Extended
Self-Similarity; ESS) £ ZD A7 — U Y TBEOFMICOWVWTRIRETV, Xr—V VY VEROBEE L ZOWERICD

WTHLMI L, EREAREBIZITIINF—BAOHCHURKA 2EBM I B L EARY VOB RITVL,
FOREICOWTHRBLI.
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BEEEBLUBK _EBHEFHAZMIILICRILE.

Nikolaevskii &,
H A

HRENNHEOBRNPEFEU LA LICKY, EH—REDIUE—F2EORBRETS. cOX>3h5F TR, ZHA
MR EBORBEERMEEN, — BB EREHNSBERICHEENA ARLFANEZIEALNHZ. BT, TFLVE
& U T Nikolaevskii AR EE, BOLOXRRABEEZBNTS.
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&, ATREBAFENIL—LYARKIS>THEIHREN, BALY—L (> M) T, b A ABEEEDLFMEL 2,
FARET IV —BRICEoTH b E NS, Lieh>T, BREMMN Ua(t) DB, KL I—L (¢t > =)
T, BBEHBEHEUn(t) = ocexp(—Tnet) LEBD, HA R EALRIBELRDHL Y — L (¢ < 1Y) T}, REMEE
Un(t) = Un(0)/[L+ (1nat)?] BT EBRM LI, LizhioT, RT—RRZ MV, ()i, O—LYYBY—2Sp
BUBEY AT hBT Lo b, 2hbik, hFRERICHS Kuramoto-Sivashinsky AR RX B & ¢
ﬁiﬁiﬁ(f%ﬂ;;gbcowr, R REBBEB Un(t) BXUIT—ZART MV, (w) PEBBEFET S Lic X LI
ANELOT ;

BHRELROIRIVNF =R MU
HHE %, Bz

—RRE T L EBIRIKELIIC Lagrange # D AZEL (LRA) ZERAL, BE/MEKTORIINVF—IXRY FVEER) =
E'(k)+ E° (k) L BETRNF—RARY bV ER(k) = E¥(k) - EB(k) #R® . 7272 L, E*(k) I3EHT 2 )LE— AR
I bV, EB(R) BREBIINVK—ZARY MVTHS. BENKELIRXVE—ZRY MU E(k) = 246/2BY k=32 2 12
LkWQEH, c@TXVF—HGRR, B, IMBEO ¥O—FEMH O ZRTEAME, W Iroshnikov & Kraichinan
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vay (BFRES512%) 2TV, LRA THONLIIVFE—ZARY MVORIERTo 72

Soft-mode turbulence in dissipative system
Michael I. Tribelsky

Patterns in dissipative systems with weakly broken symmetry are studied based upon the simplest canonical equation
(generalized Nikolaevskiy model). The generic cubic dispersion equation governing stability of steady spatially periodic
patterns is derived and analyzed. A domain of stable states in the space of the problem parameters (stability balloon)
is obtained. It is shown that the domain is characterized by unusual scaling properties, so that its different parts obey
different scalings. The results obtained may be applied to describe instabilities of advancing fronts and interfaces, pattern
formation in reaction-diffusion systems, nonlinear evolution of seismic waves and other phenomena.

RFRER—R -T2 24V BRGBEERVEBRFLRARDORERE
VPR RATEK

BLUEBFHREDH AT I 7 AR ERYT B Gross-Pitaevskii FRROBMEY IaL—YavERAVWT ISy TEhi
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Blbicdky, BTMMBTFRELE AT, BRCKE-RRTFIARKEL A, EESEEHTILF—0D2
N7 FIVHE RO BB L #AHHIT3H % Kolmogorov HIICHES T 2 ZBHS M L=,

R=RTAVV184 VEBEICRNSZBERFINE — > OREHDEHNRIR
% N
R=R TAVV2 2 A VBBECRENS 2RADOBBFNREZ—2 %, HEEHIZIVF— NIV LTV %
BT ERBRORENDER LB L UTHANERENZONIBLIVERTE. AREEZFVIZORBEE

RUBES, HICBOBBN =3~10L N =100 DIBEZENL, £ETR+IHEIEET 2 L 20EMNEED
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HHELR S BFELR
BRGH, ARE, PH B, GEE

HHIABREBTFHARCBIIREMED b ROV —DORFTRESEEAN:. GERTRT2HBRIELZH, &
AMEO RO IANVERTRALTHS. 2RTTRATHY, IRTTRIAY, 4RTTRY—+ThHB L%
BELL. ThoOHHER, REMEOMTRERAPECINES H, BEORVWEBFRLRCBVTLI RN E—
BURMEZ DI D ESI hERDS.
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AROFREMOEREBE I 2L—YaY
MER#a], BAER, BAES

The instability of a vortex ring is studied by direct numerical simulation of the Navier-Stokes equations. We consider
a vortex ring con.ned in a torus. The exponential growth of various modes is captured by direct numerical simulation. It
is found that the vortex ring is unstable for all values of the parameter e, the ratio of core to ring radius, although exact
parametric resonance is limited to discrete values. The structure of destabilized vortex ring is investigated in detail.

BRED T (B) OMREEADNFHRR
BHE, BARS, SHESR

HEETRCREEVPFRENLTEIZLETHOATV SR, ChicHd 3 ENERRET--. $4bb, 18
BOIAVF—ZNINVEIARCEIVTEBL, SHEFE—F) Lle— F BREEEE— F) MHEEERL
TARELT 5BB2ZIXVF—RCHERLE. TNIB Krein KX BNEROTEHEBHL LIBUTVBH, BE—
FABEETIEZL, BRARY MVICBT 2720, RO LS 2 BREBEEENERCBEORRKTH 5.

SUTSVI1BEBTHIE2RTA 1S —HFRRADROIRE
#AA @, Jeremie Bec, Uriel Frisch

ZR2RTAMERRETTOXAT—ABRIEDVTARY MUVBER L DORERE S VSV Va BIETHET
BABEDVTHNG. CORERAVT, F55 0 VaBEEBRRERL BN OBEEFREICOVWTRRTS.

A ) 74 ARB DIERFRICH I ZEHilE L ILRMER
WE RE—ER, WM ¥, A5 K

HEAV IR EZETHIHRBCBIBAMOBEEBBME I2L—VaVvoBRIMD, £V 74 A BHOBMEE
FRE LA MM BOMBICOWTRHAEL. 2O, HE - - BREROREATH I v Y ATy TERIB TR
BRINTVEBUPVCLOMEET B Edbhotk. £k, BEARBELICEASNS, V) 7 ARKOER
BRJ|]UCODVTLREL, Z20HREFNVICIZTRARECBLTLEN:.

EFRAY FALROERBB@EYS2L—ay: ZRFhOL 1/ IV Bk
A ¥, FEFEAK, M. Uhlmann, A. Pinelli

Spectral direct numerical simulations of fully developed turbulent flow in a straight square duct were performed in
order to investigate flow structures at low Reynolds numbers. It was found that turbulence can be maintained for
values of the bulk Reynolds number above approximately 1100, and the minimum value for the streamwise period of
the computational domain is around 190 wall units, which is roughly independent of the Reynolds number. The flow
state at marginal Reynolds numbers exhibits a 4-vortex secondary flow structure alternating in time, whereas the fully
turbulent one presents the usual 8-vortex pattern. It is shown that buffer layer coherent structures play a crucial role in
the appearance of secondary flow of Prandtl’s second kind at the marginal Reynolds numbers. Coherent structures are
observed to affect the mean primary and secondary flow even at higher Reynolds numbers.
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Paradox in Kolmogorov’s Refined Similarity Hypothesis
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TW3, 2 TAHRMETIE, HEME-CEENEORIEN &V > - HIlRASKOE 2 ZBIC AN
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Element Method : LAF FEM & FE)IC L A B EREZ1T D,

(2) BAREE COWBMIRD S IRIERHT
EM KE', ZFHE RZZ, HE B2 T 28, 5% B, NE Ef4,
B Fok?
TR A BTN, 2ILKIS I,
UK EFSERE, R TN o & — R E AR 5eRT
BEHREDMIIZI W THRF OBNE - BT 25381, HREZSBHFORNE RS RO—

0 1030
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(3) 3-D stress analysis of dental implant with model bone
Lihe QIAN, Mitsugu TODO (RIAM, Kyushu Univ.), Yasuyuki MATSUSHITA,
Kiyoshi KOYANO (Faculty of Dental Sciences, Kyushu Univ.)

With an increased application of implants in dentistry for rehabilitation of damaged or missing teeth in
partially or completely edentulous patients, raising the long-term success rate of endosseous implants has
become critically important. A reduced long-term success rate is due to various reasons including
biomechanical interactions between implants and jawbone. Although such biomechanical interactions
have been recognized to play an important role in prolonging the lifetime of the jawbone and implants,
the underlying mechanisms are still unclear. It has been experimentally demonstrated that an overload
acting on an oral implant can result in loss of the marginal bone or even complete loss of osseointegration.
The loss of marginal bone can cause loss of implant, leading to the loss of implant function. It is also
indicated that, however, if the strain or stress is below a critical value, disuse of the bone occurs and
remodeling results in a loss of bone, i.e., atrophy occurs. Therefore there exists an optimal stress/strain for
the bone formation, which is closely related to the design of the implant, and dentists’ clinical operation.
And therefore, in order to reduce the implant failure and to protect the surrounding bone, a thorough
investigation of stress and strain distributions in the bone and the implant may be of vital importance. The
aim of this work is thus, by means of a finite-element (FE) analysis, to investigate the effects of implant
size, implant insertion depth and loading condition on the stress/strain distributions in an implant and in a
jawbone surrounding the bone.

@) AT T2 MRFFA—N—F U F v —DERERIEE T MUICEET 5 LA RSt

WTARZ, e RE—, [DGKHH, FRPELE. REFIX?, FER?,
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HEHAEITV, SRR OWTEE L. 1750 FoBR, BRBAR EARIFTEEL BRI
LEo¢E35L, ELOEREREANELTEZZ LIRS, —HERERERRIT CIZETNLOLESE
ENESTHY, EROBEZ LD XY EBRISHOHERAT A LBXFREE D, 22 T4
BIZDOUOTHFRETNE L L ICEBEREETNVEABET A LABENE LE

(6) ERFHLEFMOZ O DOXFEE L —F —FHRBE R EBRERORS
ARERZOUKISHB, #HEFEECUKBHRAB TN, FERGSHH,
RTRZOUKRE), FFROUKSHH), SBREGUKE)

We propose the non-contact displacement measurement method for various materials based on laser-induced
ultrasound. We illuminate nanosecond pulse laser to the material surface. The various kinds of elastic waves whose
maximum frequency is several hundreds MHz are excited by laser-induced ultrasound. And then, only elastic waves
which depends on the thickness of specimen remains selectively. The elastic waves occur displacement. We propose the
collector optics type Twyman-Green interferometer as non-contact measurement method for displacement of rough
surface. Using the aluminum whose thickness is 1 mm, we can detect the resonance signal of elastic waves and the
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resonance frequency that is 3.8 MHz by FFT.

6) T/ ~—ER BRI LIERARY ~—EARLILETF ¥ LB 0B%
hHIERE, R, RIBET GALREM A AT EPF eI )

FZBHE, FHCHIREE, MRS LU RESHICENAMEICH Y . AEASRME L L
TERBBEZIFIAEIN TS, o, Zh bz, ¥ 7EWEDME (10-30 GPa) iz
VB Z VD Z &0, BOREZRBEBLUOEAICH LTHFITHD L SNTVB I ENnD,
TETIE, BV FRAF 7 B OB I ED SR TE W3,

SRBRMEIOEY » T RILITHED TERRFROVE SL LT, ZILELRET NS, LA
Bo, TORME., ZLEICIE, BBAHEOET 2R LWVWIBBESLHEET 3, - OB
HOETIX, ZHEARZERBOSHENICER TS LEXONB I Lhd, TANEMIhAZ L
XY, HEREMHR SIS LRSI, [SHETOBRIICIL, ZZRE~DMM B O FEISHS
LEZOLND, ZDLE, FHEMPLE LTEY L VROEKEHEWE % AV UL, 2ILEICEY b
7B SNBIEY V FREHER L >OMBRIMEE DK T A S5 & BRI, &BMEHZ A0S
Do TWRWARBEENER S EhD Z Lz b,

BY7RTHY . D OEREERTIEHOEEMEE LT, Bx0ERARY v —MER%TS
N, Zhid, BERARY v—E3, —RC, £ERASBMER LU S I v 7 26k & ik

LTY o 7R pME< | 7o, FICAEERTEEED 2\ MRS 2 A BEHIC BN A =D ThH B,
ZIZ T, AIRTIE, EFNVERL LT, SILEMT ¥ VICEFRARY ~—ME0V0 L >TH B
URAZZ UNVERAFN (PMA) ZFEHE L, SIEMT 7 o OBREEEICRITT PMA KEOF B
A - BRET L7,

(7) Hydroxyapatite Formation on MOCVD-CaTiO3 coated Ti
‘ Mitsutaka Sato', Rong Tu', oTakashi Goto', Kyosuke Ueda', and Takayuki Narushima’
!nst Mater Res, Tohoku U., 2 Tohoku U. Biomed Engr Res Org
Ca-Ti-O films were prepared by MOCVD using Ca(dpm)2 and Ti(OiPr)2(dpm)2 precursors. The phases,
composition and morphology of Ca-Ti-O films changed depending on the molar ratio of Ca to Ti precursors
(RCa/Ti), total pressure (Ptot) and substrate temperature (7sub). CaTiO3 films in a single phase were obtained
at Tsub =973 and 1073 K. CaTiO3 films prepared at 873K had a dense structure and smooth surface. CaTiO3

films prepared at Tsub = 1073 K had complicated rough surface with a cauliflower-like texture. Hydroxy-
apatite (HAp) formed in 3 days on the CaTiO3 film prepared at Tsub = 1073 K.

8) VVEBAI ZINTT LAOYE(LFHNE & BEARERE

SHEA!, AEBZM ' BALE2 BNHERAL HARIE!

VIRAL Ko A e R B O RS R B 4 BT

2 AL Ko R e R e N R R R B
YUBRA T Z AN D (0CP: Cagy (PO, « 5H,0) ik Ruxs 7/%% 4 h (HA: Cay,(P04),(0H),)
DHIFEMHTH Y . EBRICHEDOT T ANVE, BFEREOHA~ N v 7 RBIFEIN TS, =
NETIZRXIL, B P 2~V RABEEEFFETH 3 VNIT v NESEOHBLE RBHZICHEA
T5&, HAITHASR, AHENTRRIS>OFBEAZRBET A L2845 LT, OCP IIEFEAR
BIZBW TR HFHRRCZ ORIREIZERT 3 2 &L TEERA{EE L .0OCP HE B EBROK L 72
STHRBEMRET ZFHRABELN TV D, AIFRIL P OBFBAREZALMNITEZ AN L
L. BEAMEL LTBREREHAINTWAHAET I v 7 R ERET S - L C, EFHERROMI
5 - it 5 2 2B PR LT,

(9) PLLA scaffold MER{E & LR 2E)
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BRZAT OUKBRREE TR , B & (LKS/HD
& Sk, FEERAKHR, KIBIEM GIRTHEMZRD)

HRERS T CHHRY (L-HLBE) (PLLA) 13, ZFOAKESHEREERNTORMEDE S 25
ERSEICBVTRAER IR TWS. flzid, FRINERER L —F, By RELTRAZ Y a
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—%, BAERICBWOTHARRIER B UCPLLARBIR AN TE Y, IS ILEREDPLLAIL
scaffold& L COMFERAREIEA TV 5. Scaffoldd L THY, PLLARKIZIN X THARRTCPD X 5 7o
BEHEET Iy 7 2EBALLIMEIRERE LTEZLONTWA. 20k 5 R ILEEED
scaffol dDNER CRFEDHIME 2SR T2 Z LI K VEBOBA R RET S L Vo RN EIH S h
TW5. L, ZHE LW BRLEE L ZOHE/EMOBRIZOWVTIE, WEERMOESHN
ZVOPBIRTHD. £ 2 THFETIL, PLLADIKITZIVERESERIL, #E L 20358 L
BRERARDZEE2BNE L. HOBELZRAWTEZILERBEHERL, ERRRE1T- TS H—
OTHERZFHME L. £, MEEOREEHLIICT B0, REOFRE > ERMATES
RIBETHEME (FE-SEM) TBEL. X5\, EREFEIL ROREOFE-SEMER 2 i3 - L
T, FHERA D= ANV TERELT-.

(10) ZRTEATRERIEIC L 2 THEBICXT B IS 1884T

FIRREZ Y, PEREL, REEK?, SHEER2
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W, £IZ T, AHEDOBRYIX, spiral/helical computed tomography X ¥ H§% L /- SHAE B,
W, WIRERROT — Z AR = R TAREHAERE 2 AV CEHAI L -5 IR E T — 7 2 b &
2, BEBADO=ZRITMLARERETTFLEZEBEL, THEISHT AN LRI T 5V AT
LAEBELI-OTHRET S,
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