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BT, BHROT-DICIRS T —# 2RIV BEBEA B ARAEWHRRAE 231 BIES
SOF 2 IZOHLEILE L ET S, £, AHEIIHEAEA B ISR TESPISITET T HEERE O
R L - TITOREZZ L 22 LMY 5,

SE M

1] HUB XM7HRET—F &AWV OREREHRERE, BEENEREE.
#1635, IBfM514E 12 A, pp.47-58

[2] BEE FOME RRIREBBRTFERRACE o5 EEHERTT. AAERFRRIE,
%1725, 1991, pp.203-212

(31 Kai, H. Ikehata, M.:” A Surface Vortex Lattice Method for Calculating Performances of
Non- or Super- Cavitating Propellers”,
20th Symposium on Naval Hydrodynamics, Aug. 1994,pp.117-135

4] BAREMFRBSE 231 MIRHES” PREMMOREHENEREOMR TR SEERESE.
k9 &3 A
Table 1 Principal Particulars of Ship and Propellers
Ship Type | SR231A | Propeller Type 2608R 2114R
Length (m) | 225.0 | Diameter (m) 7.100 0.1667
Bredth (m) | 45.0 Boss ratio 0.170 0.180
Depth (m) | 22.0 | Pitch ratio 0.6906(0.7R) | 0.710(0.7R)
Draft (m) 12.85 || Exp. Area ratio 0.4728 0.550
L/B 5.00 Skew angle 25.0 6.1
B/d 3.50 B-T ratio 0.05401 0.050
Ch 0.8002 || Number of blades 4 4
DW (ton) 92443 || Blade section PD AU




] Present method(SVLM)
&——@ Wing Element Theory &——e Wing Element Theory
- Experiment Experiment
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Fig.1 Comparison of Open Water Characteristics Fig.2 Comparison of Open Water Characteristics

(Propeller No.2608R) {Propeller No.2114R)
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0 180°

Fig.3 Measured Velocity Distribution in Propeller Disk Fig.4 Estimated Wake Distribution in Propeller Disk
behind Model Ship(SR231A) ) behind Actual Ship(SR231A)
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Fig.8 Perspective view of wave pattern
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Fig.3 Body plans of model ships
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%, TEMEID body plan % Fig.3 IGRT. BEIIEMR Table 1  Principal particulars of model ships
BMEHEDOL, ERI0) ROEEEKICE->TESN:
BEMBEZRDT. MERI TEUOBENETES

| Model [ Cargo | VLCC |

L (m) | 2.5000 | 2.5000
2500, TOMIBHENEERELTETWSE B (m) | 04194 | 0.4355
EZH6ND, d(m) || 01403 | 0.1573

BESEIIBNTIE, MEEEIANIC 40 2FIL, Cg 0.6978 | 0.8030

ERREENTE ICB W TH R EHEREa®. 7,
TR SRS X OWMARRE LASE IR ECIERENH
EEEMER LWL S, FNENORAIC Rankine
BICE DN core 2RI TRBEHWE, HHBOR

Table 2 Variation of parameter

EEZRDTHRE s 1, TR [4] K> TREAEIC Motion ]y ]
EERANCELES B TEERT Aok, £ (DR Oblique 0.00 0.05
TAWBRK o IKDWTH, RERS d O 5% 2HE% Turning |~0:05 || 0.04
I, Table 2 ICRT &I ITERTIEEARE » OKE ~ 0.09 0.03

TS T, v DIEEE(LZIEZ.
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P(H ):marginal probability distribution of wave height
(=3, POV,)P(H |W,) )
P(W.): marginal probability of wind speed w for the class r
P(H|W,): conditional probability of wave height given the wind speed ¥,
(= f, :an analytical model)
P(T | H): conditional probability of wave period given the height #
(= f; :an analytical model )
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Table 1 Long-term wave statistics

Wave Statistics Statistical Format

Observation Observation Objects
Period Area No.

1854~1984 Global
(130 Years) 104 areas

Lk .. Wave
Wave Data Datatype| Dist. AH(m) AT Digit Format Direction | Se*Sons

1.00

10
aws fe) (0.00<H<14.00) | (4.0<T<13.0)

55,000,000 | Ship data {p;(H,T) 1(%0) 8

. 1950.1~1959.12 9 station 227497 Weather g
(10 Years) in N.Atlantic ’ ship data (0.75<H<15.75) | (5.0<T<17.0)

19501-1959.12 | 8 station Madified ! 20
(10 Yoars) | inNatiantic | 2747 waidews [ 10D (o 350nc1575) | sacT<170y

1950.11-1952.10 10 station Weather
(2 Years) in N.Atlantic 50,399

HWalden [12] 1.00 20

Jy(HT) 0.1(%0) -

Fukuda [14] 0.01(%0) -

050 20
ship data |77 D] (025¢15.78) | (5.0<T<17.0)

H.URell [13] 0.1(%0)

YAMANOQUCH]I 1954-1963 54 Sea zones

1.00
(0.75¢H<3.75) 20 0.01% Min. Max,
ot al[7] (10 Years) in N.Pacific Sy ET)

200 (5.0<T<150) | OBS 185 58186
(3.75¢H<7.75)

479477 Ship data

TAKAISHI 1964-1973 76 Sub-zones
ot 9/.(8) {10 Years) in N.Pacific

4 20 Min. Max.
(0.75¢H<14.75) | (5.0<T<13.0) | OBS 805 151413

Min. Max.
OBS 1200 203875
(Ship data)

3564,687) Ship data | f;(H.T)

4,901,943] Ship data
(Ship datey Hindcast | f, (A7)
only X Buoy data

WATANABE 1974-1988 76 Sub-zones
ot al[8] {15 Years) in N.Pacific

4 10
(0.75<H<14.75) | (5.0<T<14.0)

** 0—0.1-05~

0.85—+1.25—1.85

7,600,000 Ship data | p ;(H.T)| —25—325—4 5

—6.0—75—0.0—
11.0—~

* py(HT) : Probability distrbution of wave height and wave period

F#(HT) : Frequency distribution of wave height and wave period

™ Related to wave class of World Meteorological Organization Code 3700

FANG 1961-1990 80 Sub-zones
ot o/[11] {30 Years) in NW.Pacific

1.0 1% Min. Max.
(35<T<125) | OBS 3280 268000

A B8], EBH9], Hogben HE6I(GWS)DERFFH T — 403 RO TS, ALK FEMERIZ OV
T, FOLOEREFRLINOOEBRAWE RLH BN OWT, T —FNEE, T—FDT7+—~
yhEEELDT Table 1 18T, BEDTZDOIT, ALRTEFHHERIZ OV TD Walden[12] (19504 ~1959
££) | Roll[13](19504E~19524F) DI RFKH B OV THRBOEREZRL TS, 2B, GWS @
F—FIIHERSWFIRIZ OV TORRR LR > T D, Hogben 5D GWS[BIDERIE FHD# RFEEHR[11]
OHPE BB OREEREELSMTRIRINTRY, MOBE T, B KARORBEEER (W
byAMEEEK) L TRRSN TN, AR TRREINTOEIEEROPR T, £F —FOEEHAELLT
FERIZEL, 100 5 FEHDIE 1000 FEOFEOEER TREN TV EHDLHEOHE TREN TS
LOZHTBEND, BADE] EILOIOEHI%E THD,

TR BIT B FLOIOE R 7 —F TRENTOARERRIT, GWSEIOESER UL,
1000 3£ D 1 DEAITRHON T, BEBEER O TR TS, FODEERTIL. HEmOZHD
BEIZ, 0"~0.1", 0.1°~0.5", 0.5"~0.85", 0.85"~1.25", 1.25"~1.85", 1.85"~2.5", 2.5"~
3.257, 3.25™~4", 4"~5"  5"~6", 6P~T7.5", 7.57~9" grn~11" 11" DL EEiRo CRERE
THY, WEMEVGEHE TIIE I, EEPEWEE THER > TS, £, BEAHO S ORI, 3.5
LLT, 3.580~12.5 oMM LOMERHMRBI 2.5 EEA2oT03, EEBOSFIC OV TIT,
GWS HIZiEERE (1.0 BRI ; 4.0 0~14.0 8, 14.0 LU L) THAR, RO DAL, GWS & et
DFFREE RIS TND, BT, GWS DF—# (1.0™ #& /& ;0.00m~14.00™, 14.00" LA k) | BF 58]
OF —£ (1.0™ KR ;0.75"~14.75™, 14.75™ LA E) | D500 7 —# (1.0m #&RIRE; 0.75m~14.757,
14.75™ Ll k) | Walden[12]D 7 —# (1.0™ #& % ;0.75"~15.75™, 15.75™ LLE) THY, iz, BbEWVE
B OED, FoOF —F TIHE B QL0mER->TWAIER B I, 228, Fhl11]DO¥IERE TIX.
Fig.2 IR 33 L3\ @ a2 o N 3 B # A7 O BRI BV T 1000 43RO 1 ISR 2\ i %
FTEEEAHORAOFTO0.1 LLE 0.5 REOEFTICES " MftEIh T3,
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PERLIY . SRS TRI~OF A% B AL ' (INGLIDING 3256 DiRteTION UNKNOM)

LT, Walden 12RZ X155 10 EOFFHERE% T(>)TAL 2 50 205 311 247 125 45 12 3 1+ 1000
1 +

BARAL-EH (MORMKRREEBER(ER - 1 e 1. 1
BELILTEXDNTOS) BECALATOEE,  § s .35 o4 13
= 45 + 3 12 13 6 2 + 36

SORBBEETIL, 1000 HFECT0.01 OBTET 2 34| 2 RE D72 o
BEDRTREN TG, F—FDTA—vy DFE— = roviss| + 10 o 0 3 2 & 1+ 28
S oss-1250 + 12 46 54 20 10 3 1 + 156

DER»G, B[R] 31 Fol4liZ.GWS F— £ 5B s e s 6 ey 2
g 0-0.1 1 12 26 21 9 3 1+ 73

&‘:‘/)‘/ \—C\ j[m [143®§j@i&:&%ﬁ45€$@§§ T&SEC) <3.5 4 5 [ 7 8 9 10 11 12 »12.5
EEILT 1000 33T 0.01 DEALE CHFEEDE ZERO CROSSING PERIOD (5)
PETBIETAIHFERZREL QD A THLE
DT ATURXLERBEOEZ FE2BWT B\BiLR
FEERBREH T —H11OEE2ETIEE TS,

2. 3 THDOREIGEMEE _

AR FEOHLFFEREEE 20°N~30°N , BRE130°E~150°F), ALK FFEO RN (G
0°N~60°N , #2EE100°E~180°E)izo\" T, FHHUIOKRKHT —F, Bb, B EWEK (ME
1R :NW25, NW26, --- , NW35) L &g (80 B/ MEER) (T3S 3 DI IR B RFEEDFEME151%RD
T, Table 2 IZHIRL TS, BICIL, BEELL . EELEAMORBEERE y(H,T) 20N B L
BOZNFNIZONT, EHE(E) . E—FW) AF AT M), WU HHRE(D). B1MHHE(),).
FE3M (O EDHERELTTELLIT, 1000 ED 1 QAL TADHONZBEIITT5HE TS
E(Corrected) D LI TETEDEEZ LB LT B, 2B, BEOLDIZ, ILAL, HEEG, EILO%E

Fig.2 An example of wave statistical
diagram of North-West Pacific

Table 2 Statistical characteristics of wave period and significant wave height
{ Whole yvear and all directions )

Wave Statistics Wave period T (sec) Significant wave height H (m)
- . —T " T T )
Wave Data | %% Area 1 oeaion | Observationt Oblects ey by (. (0| Ger . |6,m [E0n W oo [, 00| Bon Ja,on 16,00 7
ode Period No.
Buo No. 21003 N-Pacific | 19781986 15.431 |7.29{ 7. 45| 7.19] 7. 19} 5.92| 8. 48] 1. 76] 1. 48} 1.50{ 1. 68} 1. 09 2. 26} 0.13
uey - (25. 7N, 135. 9E) : : : : : : . : : : ) : : i
G¥S 6.92|6.55]6.81|6.88]5.93]7.82]2.21|1.62] 1.94] 2.07] 1.25[2. 89| 0.46
(Corrected)
Area 42 18541984 518,319
s 6.92|6.55]6.81|6.98}5.97|7.79] 2. 20{ 1. 62} 1. 94 2. 07} 1. 25[ 2. 89| 0.47
(Uncor rected)
FANG Zone: NW. Pacific 7.1416.97}7.05(7.09] 6. 10/ 8.08]2.0611.58{2.05] 1.75}1.16(2.34} 0.42
(Corrected) NW25, NH26,
1961-1990 634. 187
FANG NKZT. NHSS. | (ooN . 1308) 7.14[6.97{7.05| 7. 10 6. 12| 8.07] 2. 06{ 1. 58] 2. 05| 1. 75} 1. 16| 2. 34} 0.42
{Uncorrected) N34, NW35 - ) ) ’ ) . . 3 ) ) ) ) ) )
Following (30N . 150E)
{7].(8) & [9] 1954-1988 543,935 [ 6.54]5. 00} 6.02|6.30| 4.70] 7. 89| 1. 92| 1.46] 1. 64} 1.80[ 1. 12| 2. 48] 0.42
comb ined
YAMANOUGH | Zone 31,32, 1954-1963 53,473 | 7.32}5.50] 6.31 6. 65 4. 78] 8.51| 1. 41] 1.16] 1. 23] 1. 20 0.70] 1. 87| 0.15
et al. [7) 35, 36

TAKAISHY Zone E13W, E13E,

et al. [8) 14, E17. E18 1964-1973 221,495 |5.76[5.0015.07|5.53(4.02}7.04]1.7911.43[1.52{1.71|1.07§2.34] 0.45

WATANABE Zone E13W,E13E,

et al. (8] €14, E17. Ei8 1974-1988 268,967 [6.88]5.00§6.68|6.67[5.0618.27]2.12[1.56{2.01{1.961.27|2.64f 0.54

(cNfZited) 2 18"1;“20 28 6.9916.5116.83|6.89[5.73]8.05]2.31|1.60}2.00} 2. 13| 1.25) 3. 01} 0.49

29,30, 40. 41 47, 1854-1984 | 7.588, 921
s 78| 8. 08| 2 2.12}1.2502.08] o
| (Uncorrected) | 43 52.53.62.63 6.98{6.54]6.89|6.92|5.78|8.06] 2. 27} 1. 60} 2. 00} 2. 12} 1. 25} 2. .53
NW. Pacific

(corchGted) 6.88]6.93(6.78|6.8415.71|7.97]1.94]1.57) 1.63] 1.70 1.09[ 2. 30| 0.46
80 Sub-zones. 1961-1990 | 7,511,752

W m‘ft 9 6.88[6.95|6.84|6.87{5.74] 7.99] 1.97[ 1.56{ 1. 63| 1.70 1. 06[ 2.33] 0.51

correcte
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Fo s OBEERLTIC, 3 SDF —FDAR The North-West Pacific

MO ROERE, 7457 — 2005 ES ' [ [ ]
—e&— GWS(Corrected) |>

BERLTW B, FHOH#EHT —# & GWS D#tErT . —a— Fang(Corrected)
—FORBIZ I, WA E T DA ED _ + Fang(UnC(‘)rrecteld)
A BB R — BT AT : 6=180" , F ;0.0
BT, HHDTF — 2B — T NS %
L, AACREE (O)bFI 30%/ &y,

N
] TR
3. HEHERRUER

2T RVERERGELT BMESMLEICE 0.00 Fod oo oond voond vl vl 0SS
TAHEEE S MR (LIS U E 5 A AE B O 107 107 10" 107 10" 107 107 10" 10°
EMTRISHESERLS, 227 CER2] Fig. 3 Long-term distribution of vertical
~[BITHEALZRICHETHY, #ak L = 175m, relative motion at bow
FRLE Cy = 0572 O—BfRTHS. FERE
BT RIFER% Fig.3~5 1277, The North-I¥est Pacific(20N-30N,130E-150E)
Fig. 3 {213, AR FEOLBIRIZIITLE _.l GWJWC,,,,LC,M)'
E S EAER L Z, DEMSTEFL TS, e e o eciedd
(3, EEDHERIE T, AE F,=0.30 I8 54 —*— Fang(Uncorrecied)
BEMNEBEIIBIORTRECEKRTE Z/L O
BRTHY, Fookke T —FITETEELRKL
72356 DR R (Corrected), FFETEEDHED
#& B (Uncorrected) ., GWS OF —F|ZETEIE
EHELHE O F (Corrected) & LB T
Do

Fig. 4 1213, BWALKFEEOREREIZB TS
EEFAMEE Z ORMSHETRL TN,
I, EEWFIREE T, #0E Fr=0.30 123958
HMNEICBIIAEHRTFRABEOMKTEZ/ g (g
EONEE) OBRETHY, FoORKET —4#D DlUncarrected M Corrected [ Corrected 2 |
HIEE, EETIEES LU GWS DOETEE
DENENDBEDORRELLEL D, Fik,
SR D ENRDEBIZ 51T 5 1000 43 RO 1127~
ROEED 0.1 8L £ 0.5 RFDOEAE (BBE +)
XL, SME R EOLEE LB A O R Mnun
(Corrected2) LHBERL TN e i e e (i i o oo

Fig.5121d, WAL K PO EHEERZEK T2 oBJ
AEEIEC BERFRNEEORY THEIE
(Q=10") % GWS DFEFHT —#E A VIZXE$5
EHTFREI T2 HEOE R T RS

e

N — .
\\5 =180° , F n=0.30
N

N

7 10° 10”0 107 10 107 10 10°

N
I
—~_
h
:
col

—
OI
©
—
(=]

Fig. 4 Long-term distribution of vertical

acceleration at bow

Z/Z ews-corr)

Fig. 5 Long-term predictions of vertical accelera-
tion at bow(20°N-30°N, 130°E-150°E)




NGRLTWS, KiCi, ADBEOETEEL LGS O R (Corrected) . EETEEDEE
DFEE (Uncorrected) | 1 &5 OE O MEBETE LI5S O 5 (Corrected2) DFNF NN X
LT3,

SIS ERE BRI INnE, FOIOEEEEHT — X SSEMFREEDR CWS OB T —#
ESCTFEHELDSRED O RL E 2 AR b0b, £i2, ZOEREZRTEEN, FLOKHT
—FDTF—vb FFIZ WEOBROBREIZHDIENFRIN, LL2ns, ZOEEEZ 551258
LT, FoOERFEHT — 2R AT T, PFERRICGEVE R/ NEROFERASENTHAZE
HEIETL T, BALKEENOERO BRSBTS THMEIGE RS OREIIBW T, K
T —F B R BE LS LDEEbNS,

4. #HE

FEAL KR IRFA TR ORI S EEZAGNI T2 L6012, RRIFEE R TR ~0E FH &5
EEOERMLHMCILE, MORMEREHERLOHRICIIEVFIAEERFATIENESEZD
METHD, BBID. FEE R E BRPE (B ATEERFAE I OAF IHY. ZTBHELTE
ESEL-TESAR FMESO, FEEAAIL. DIYRBILBL EFET. 27 A0 ER-T
TBEEL~- FHRRTT R EHIR. B AE . BEELTICEHOEEFELE T,

SEXH | |
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Study of the combined plant for the generater diesel engine

by Yoshihiro Kobayashi,Member Mototsugu Watase
Tooru Nakajima Shinichi Hanada

Summary :

In order to improve a thermal efficiency of power plant two ways of thinking i.
e. combined plant system and co-generation system might be applied. The former
utilizes an exhaust gas energy of primary engine as the reheat source of second-
ary power plant, the latter as the latent heat source for hot water or hot air.

A race for the high level total thermal efficiency is being seriously unfolded
especially for land use plant. Thus an effective utilization of medium or low
level energy of exhaust gas will become inevitable from the both view points of
preservation of the earth environment and an energy saving. Authors focused the
attentions on the exhaust gas of diesel engine for ship’'s generaters, which was
exhausted without any uses to an atmosphere and made conceptual designs and cal-
culations of combined plant of Rankine cycle of steam or fron as a working fluid
.A sulfuric corrosion which might occur at temperature lowered up to a dew point
was avoided by applying a special coating on the surface of heat recovery equip-
ment.

1. ¥

EERHOEHFA S 5 I RBREREORER 5ROV TERBICRE S h - BEEAR
METHY. ZOZERBHREZVHK EFIRNIHoTVD, B ERHREO—DI
ERBBRTODOOEFICH DM, ZHRENTHOMARETHREHZINTEY 1 %0
ERTHEREDZ ETRBNERLAVETHELTVS, b—DOHEIL, BRIk
TRBOTRHAEL, I FELTYRATFLEETORHET v T2 DEZXHTHB. £
D—DELT. BHBERINTUBRIHTAOIRINF ~ X TEIATADRPIED T
HRERIDERASHN DD, PATHETS T P TRIRY—EST T FEDINA
SRYATN, BEVRERT TP TOAVRL—Ta AT ARRATA I LICE

‘REA LERFRIE TR
** (BR) K EnE R
TEERE (B




STREVATAELTORBRPERY vy IR 5TV, BRAR - KEERSIUT
FORTHHZRDHBLED ZLIRNZOBZIDEIATHHN, BMHOEEBRADOR
BETH 3 ERENACH N ONOFMEE L TORBENRD D, 205 5AMETIRE
BOT —EINVLL D EHRICERD LT, BEMAIhTIBThTHRI P00
BEUAZEREEL. WKERBEE LEBYA1 7 IV ERALTEDHEEZRDHES
ETBHDTHD. BN EHERKEL TR, JO0 ROBES > F 917V &
KREKD2BBERY A 7 )V eEZlk. CEMEZEREE LN X OBEIN 2 KRR
TR, RENBOERATHEIZAPOKELSREEL . TODAEEREINE
TR EREHBROEEARENREG LOBELBESR RS, WHEELTIEVNLD
POMEBIUOBEREZ SN2 H,. ARRTREERE TORKRRNATHORBEOHE
A OV TR CRBEREASSHSP CTOERT A M 2EkEL . BIF2iEE2
Biz.

2. 7 —ENHBRIROINA RIS b
2.1 BYAUNEEEREDOREE

REHT — NI PO OHKBEERINNICEETHD. ZTh2HENRLEHEL TR
DT -DIclBKEEEBEETES O F U 7NV ERA LR, SHEREKE L T, K
LBHO-HERNREHRETLOCH B TOBRRTEREZIZENS, 70 % &L THFC-
134a, HCFC-123B LA RROIBHERFHRE LT,

2.2 JURIFIHA4T)N

HBENRTO OIS KICIEVES. SEHONWCORSIBEL XN TRY—-F 1R
ROEANFERICAKEL RS, ZOEDTU R TRIOEHZEZANTRETHIZS
ZEhEELTVNIZS AW, BRI 70 BERSTHILOBERBEHNDBELL VAT
LAEERELTREHERTONES RS, £EFig IRRTLI-W 17 S5LETD
7> hOEPBOHEEP/dRTOFROES. KBRKUIHRTRAIMIKEVEDBBR
REOFERZ 1 BEROATHHTEZ A ENRSD S, 200CE LOEREROREBHREIC
k3B etTHEng | ZORBERKETORMBESK TRV D EELROFER
ZRICHBEL ¥ 2ROY—ECADORESZRD =, BEKEREBOEELBHERC, I
McLinden[11D X > TRABRRIN TN S,

(T TV TY
2.018320+12.888065| - -3.828818| - | +0.714145| -

<

(1)

HFC-134a  C°=R

c [

R=8.3145 J/(mol-K), T,=374.21 K

HCFC-123 T

Cp° =R{0.724188 +27.762732( T @

c c [4

2 3
)-19.165589[1) +5.947808[1)
T T

R=8.3145 J/(moi-K), T.=456.94 K




gl r BIRANERES,
¥= C"P/(CF - R) (3)

Zhh 5300°CTDOHFC-134a3B K THCFC-123D HEBELIL 7 urc-134a=1. 076, 7 ncrc-123=
1.067&£73D 1 ITEWHASWMETH S, ThMOHBELE LTI —EAOEHZUE
LTH2 E10%ke/cn’ A LD REELRD BELOXNT T2 FOBERETORA
JEF/312200ke/c’BETH D) . U 2I0L5hHREERTERT I EIyOY
DBREZEHOBE LRI TN LD S, Lo Tr-hEEHNTEANEE
. ENTOEBERML. TNTNOEBRRZFie. 18X UFig. 2IRL. WilMENK (=
KOSy - EVBRLEE /BRNRAELTOHE) 20.8&E Lk LT, ThEhoiMER
ETOREHRA > FTORE, EHBICHHEE2Table IR L, BBRBHO
TO7O2DOREZIBCTHEIVR208CTEL TVWEDH, HRHA LOREZEI00CLL L
EREVWED T O MTORSRREI L bO—-VRBEERS,

2.3 KRR S > F ¥4

—HABRLZOBE IR TOSTI F O -BOBEH/NIVED, PRNnIS ¥
JVE—ZE THEARSERICAD 1 BBRTRADBREENKREL ENEW, LENST
BAFHOEDEEZRELTEIEDRIBZEOERABLIUCRENLEICRSN, SEOLS
CRERENGESBVWREY—EAORENEZ EIT3Z L. AREKEE THHTES
I NE—ZENNILKBDEDS, BREREZEZHSNERSBWEDELE R
EPBREERD, ZTTRA OORZEHE LU TI=300CBLUP=2. MPa %z REL. &4
RRI2BERAY AN E Lz, #ENEEE L TIEET 58T A BERERORRE &
NoTRIENITHCLR VOBREFCREROBEBIUHEZHW BB L,
ZhE D HEBEORBRESUTOHNINAZHOES BEKIIREER SHBE 2L
FZHEE T3 2BEAAR LTI, RREEICL > TERABNBIIN T3 HABGEER2
BHTAZENHET, BEBXUCIAXAMNORMELERR S, Fig. IITRTE 1 R CHUB:
OAENG. 1BIU2ERHOBRABLICEKD FH TAKMBEBENIICRigICED.

SEETHMABSE S LaThERskn., FICFig AR T E2R0ISR2BEDSY
—EUHOBERT2I0CEICHI AT, SISV AREZREES ISR LS X
T3BHOY—E U THABOREEH I CHEERI SN, ST GREOREAIZ L
EROBREDTIRIE SRV D ERABRE TORMMNERAEI 23, Z0H7DIiZRAEI
BCORBREDORBERTEEEDEISITHON. REBEZEOXESIRFTINOAL
CHREEEAVKEEL TBORE LO—DOEBERTOHS. I I TRAZRBEET
FB1LBIXU2ROBARZIKRL. PR AR%6ke/(ps-h) EREH D, ThEhOB)HE
RETOREHRA > FToOERE, EHBLUCHAHERZ2Table 1IcRxL 2. BB, &)
HREDORNIZR - RERSY A 7Y 5 L %EFig 5, 6BLXUTIIRL =,

3. BENT S > FOETIVER




ITRREBE. PROBRKENERCBE COBZ2HER T D-DIKEKRRke/hD
MNRADEFTNT S b 2ER L. ¥ —ECOBREIIOWTIV/NURHOSEORE X O
O eEP L THEEL, AREHBRRZEALD BETEDREL L. > THE
HHIEEL O ZDAEI< B> TVWS, JANVBIUVT L — RRFIBGE[HEZ &5
2o RIAREORBIIBR L —F - MBROFHEZLREL, BERIEBI OIS TEDODLT
0CELE. #—E2 1 XORKEBEBITCENIZISC, 0. MPaDBBER. —H 2K
X LD LS ICEMRBL D BES. BREXKICEEODIWN, 0. 07MPa AR TH 5.
Fig. SIC R ZR L7z, ORI VOTAMII/NE OREREZHA., BiNHEBIT
BRbImnfrEeE L=, £REHE%ZPhoto 1BXU2. #—-¥EZPhoto 3. AR TB
S CEZR T %2Photo IZENTIURL 7=, HEBIRMIZE LR OFE&EOFD T,
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TABLE 1

PROPERTIES OF WORKING FLUID
AT EACH POINT

TABLE 2 TEST RESULTS AND ITS
EVALUATIONS

WORKING
FLUID

HFC~134a

HCFC-123

H:0-case 1
(case 2)

COATING

A #450

A #36

B

P3
T3
P4
T4
h3
h4
Ah34=h3-h4

4h32=h3-h2

50kg/m2

125%

10. 37kg/cm2

51¢

161. Skecal/kg

155. Skeal/kg
6. Dkcal/kg

50kg/cm2

40%

113kcal/kg

48. Skcal/kg

50kg/cm2
2080

1. 58kg/cm2
74%

164. Scal/kg

153. 8kcal/kg
10. 6keal/kg
50kg/cm2
40¢
109kecal/kg
55. 5keal kg

P1=2. 2MPa
T1=T3=T5=300%
h1=2834kJ/kg
P2=P3=0. 67IMPa
T2=182%
h2=2812kJ/kg
P4=P5=0. 112MPa
(0. 15}

T4=1350

{182)
h4=2765kJ/kg

{2837)
h5=3074kJ/kg

(8074)
h6=2681kJ/kg

(2641)
T6=98T

(78)
T6 ' =T7=44. 8%
P6=P8'=P7

=. 0085MPa

T8=TY=217¢
h8=931kJ/kg
hg=2799kJ/kg
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(x7.

§ PHOTO No. 15)

W=Ah34XG
X0.9
(OUT PUT)

W=(Ah12+4h34+

4h56)XGX0. 9

/3600=48. 8kW
{45. 8)

THERMAL
EFFICIENCY

26. 6%
(26. 1)

OTHER FEATURES
OF PAINT

INGONVEN] ENGE
N

PAINTING WORK
CAUSED B8Y
2-LIQUID TYPE
AND
QUICK-DRYING

1) DIFFICULTY OF
SPRAY
PAINTING DUE
TO SMALL
PARTICLES OF
METAL
COMPOUNDS
GONTALNED

2) INCOVEN [ ENCE
CAUSED BY THE
NECESSITY OF
HEAT-UP WORK

SAME AS LEFT

JUDGEMENT

NOT APPL ICABLE

APPLICABLE

NOT APPLICABLE




PHOTO 1 MODEL PLANT FULL VIEW 1 PHOTO 2 MODEL PLANT FULL VIEW 2

PHOTO 3 TURBINE MODEL

PHOTO 4 CONDENSATE PUMP AND VACUUM PUMP




PHOTG 5 FURNACE FOR DRYING

PHOTO 6 TEST VESSEL FOR SULFURIC ACID

PHOTO 7 TEST PIECE OF A#450 PHOTO 8 TEST PIECE OF A#36

PHOTO 9 TEST PIECE OF B PHOTO 10 PIECE OF A#450 AFTER TEST
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The Characteristic Analysis of Turbulent Heat Diffusion
In a Multi-Compartment Structure

by Changhong HU, Member Nobuyoshi FUKUCHI, Member

Summary

Safety, comfort and high-efficiency in marine systems are becoming strongly needed in
recent years. A suitable method is required to accurately analyze the phenomena on the
functional design related to the turbulent heat diffusion in enclosed spaces. One of the very
complicated problems is the prediction of turbulent heat transfer in a multi-compartment
structure, since the heat transfer is in high Rayleigh numbers and the flow field is almost
governed by turbulent natural convection. An example of the flow field is the smoke flow in
case of spontaneous outbreak of fire in a marine structure.

This paper reports a numerical investigation on the characteristic phenomena of turbulent
heat diffusion in the multi-compartment structure. The flow pattern, the temperature field
and the turbulent eddy diffusivity in the structure are studied numerically. An expression to
describe the relation between some governing factors and the thermal transfer intensity is
presented and clarified by the numerical results.
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Variation of flow patterns of multi-compartment model with
openings of a/H=0.4

— A

(c) Eddy Diffusivity V¢/V

State variables of multi-compartment model with openings of 2/H=0.6
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(c) Eddy Diffusivity V¢/V

Fig.4 State variables of multi-compartment model with openings of &/FH=0.4

(c¢) Eddy Diffusivity V¢V

Fig.5 State variables of multi-compartment model with openings of a/H=0.2
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(c) Eddy DiffusivityV¢/v

Fig.8

State variables of multi-compartment model with
duct-type openings (a/H=0.2, /B=0.5)
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State variables of multi-compartment model with
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Table 1 Transshipments liner network via Shanghai

. Route .. lransporting j . j
: i d
Service Route : Distance Speed | Shipsize Ouanities Ships Ships | Loa

(Per year) milel (Ky 1 (TEUs) . TEUS | (Requied) Mdapledﬂ Coef. '
Yokohama-Nagoya~Kobe—Xingang—Yokohama| 52 (Weekiy) : 1, 621 ;500 42,549 5.8 12 . 48% . 7. . 7,680,629
Yokohama—-Shanghai—Yokohama 652 (Weekiy) : 1,058 i 1000 79,178 10 | 99% . 1 8. 3,818,422
Yokohama-Hongkong-Yokohama 52 (Weekly) ! 1,602 T 1500 50, 355 7 ¢ 96% 8 3. 2, 839, 281
Nagoya-Shanghai-Nagoya 52 (Weekly) | 935 {1000 76,553 ¢ 10 . 96% " 30. A . 3,463, 270
Kobe-Shanghai—Kobe i 52 (Weekly) . 837 1000 79,941 | 10 | 99% 3 9. 3, 229, 471
Kobe-Hongkong—Kobe 52 (Weekly) | 1,387 1500 47,844 ¢ 7 | 90% . 11, 2,583,313
Hakata-Shanghai-Hakata 52 (Weekly)! 480 1000 11, 860 2 1 80% . |9, 407, 332
Shanghai-Xingang-Shanghai 52 (Weekly) 750 500 30, 5¢1 4 : 100% 42. (7. 1,362, 752
Shanghai—Qingdao—-Shanghai 152 (Weekly) 400 . 500 24,240 . 4 | 78% 5 7. 858, 677
7
3

Services Cost (£)

§
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Shanghai-Hongkong-Shanghai :52 (Weekly) 820 : 1000 48, 201 87% A 9. © 2,182,791
Total 520 (Weekly) ! : i i ' 28, 425,938

Table 2 Cruising liner network via Yokohama, Nagoya and Kobe

X b Services )'?mne Speed iShipsize Transpo‘r?mg‘: Ships : Ships : Load :

Service Rouie (Per year) ?f;‘;’;: Ky . (TEUs) Q,';‘_';Z:’f’ (Requied)  (4doped) | Cosf.
Yokohama-Nagoya—Kobe—Xingang—Yokohama; 52 (Weekly) 1,821 500 42,549 5.8 12 . 48% . i 7,680,629
:Yokohama-Nagoya—Shanghai-Yokohama 152 (Weeky) 1,145 1000 43, 800 - 63% . . i 3,531,405
‘Yokchama-Nagoya—Kobe—Hongkong—Yokohami 52 (Weekly) : 1,836 © 1500 ,520 46% 5 6,344, 922
:Yokohama~-Shanghai -Yokohama '52 (Weekiy) 1,058 1000 | 98% 5 | 2,242,631
iYokohama—Hongkong—Yokohama 52 (Weekly) 1,602 1500 . : 85% . » 2,375,347
:Nagoya—Shanghai-Nagoya 52 (Weekly) 935 1000 82% . 1, 657, 141
iNagoya—Kobe-Nagoya 52 (Weekly) 239 500 . 80% . H 308, 528
Kobe—Shanghai-Kobe 52 (Weekly) 837 1000 . 1,526, 023
:Koba-Hongkong—Kabe 52 (Weekly) 1,387 87% . 2,190,687
:Hakata—-Kobe-Hakata 52 (Weekiy) 386 500 80% . 3 399, 594
‘Shanghai—Xingang-Shanghai 52 (Weekly) 150 500 + 100% 142, .21 ;1,362,752
1Shanghai-Qingdao-Shanghai 52 (Weekly) 400 500 78% .21 858, 677
:Shanghai—Hongkong-Shanghai 52 (Weekly) 820 .25 ) 867, 205
Total 680 (Week ly) 31, 345, 541
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Niche Markets and Alternate Design
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Summary

This study examines ways in which small OTEC plants, of perhaps less than 10 MW, could be
deployed in Indonesia, while being competitive in the absence of economy of scale. Two types
of niche markets are investigated: on one hand, remote islands of about 100 km® with
populations of the order of 10,000; on the other hand, touristic resorts that also benefit from
electricity savings incurred with deep seawater air-conditioning (A/C). It is established that
the existence of niche markets critically depends upon favorable financing terms (discount
rates of about 10%), and in the case of resorts, upon moderate inflation; this latter condition
allows savings from deep scawater A/C to have a beneficial impact at realistic resort
development levels (< 1,000 to 2,000 hotel rooms). Finally, special plant designs taking
advantage of the exceptional Indonesian OTEC resource are formulated, which could decrease
investment risks associated with the OTEC seawater systems, without overly compromising
global cost effectiveness. This idea is quantitatively assessed for a 5 MW floating plant, while
some of its potential shortcomings are also discussed.

1. Introduction

The idea of Ocean Thermal Energy Conversion (OTEC) was formulated more than a century ago, and

tested at-sea as early as in 1929, by perhaps its most brilliant proponent, Georges Claude {1]. In essence.
OTEC consists in extracting power in a heat engine (Rankine cycle) with warm tropical surface seawater as
the heat source, and deep cold seawater as the heat sink: there is consequently a wide body of scientific and
technical literature accessible to understand the tenets of this very simple technology [2], [3]. The easiest
way to grasp how OTEC works in lay terms is to think of it as "refrigeration in reverse": in a home
refrigerator, electricity drives a motor connected to a compressor; this compressor acts on a fluid which
runs in a closed loop, alternatively extracting heat from the cold contents of the refrigerator, and rejecting
heat to the relatively warm room. Electricity is consumed to sustain a heat flow which could not
spontaneously occur, from the colder to the warmer. In OTEC, heat schematically flows in a "natural
direction”, from the warm surface seawater to the cold deep secawater, through an intermediate fluid, called
the working fluid. As a result, this working fluid can expand in a turbine, and produce electricity in a
generator. This "mirror analogy" between OTEC and refrigeration is so strong that both systems would
probably use the same intermediate (working) fluids, such as ammonia. The specific challenges related to
OTEC belong to the field of ocean engineering, although the need for very large and performant heat

exchangers cannot be understated.

* Graduate School for International Development and Cooperation (IDEC), Hiroshima University -
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The existence of large OTEC resources throughout the Indonesian archipelago has recently been

discussed [4]. This vast and populous country lies in latitudes close to the Equator, in a typhoon-free zone
where oceanic surface water temperatures are exceptionally high. On the other hand, great water depths and
deep cold seawater are easily accessible from shore, as evidenced by such prominent bathymetric features as
the Java Trench, south of the main islands of the Indonesian archipelago.

The renewable and environmentally-friendly OTEC resource has not yet been commercially tapped
anywhere in the World. While technological difficulties cannot be ignored, with the need for a cold
seawater pipeline (CWP) about one kilometer long, up to 10 m in diameter, hanging from a platform in
very deep waters, ambitious programs sponsored by developed nations satisfactorily addressed some key
engineering questions in the two decades following the 1974 "oil crisis” 5], [6], [7]. The causes for the
current neglect of OTEC are economic: in an environment of inexpensive fossil fuels, the capital-intensive
OTEC technology has failed to attract investors for the smaller commercial plants (up to 10 MW of net
electrical output) that are nevertheless necessary as stepping stones toward a mature stage. Thus, significant
expected economies of scale, when deploying larger OTEC systems in the 50 to 100 MW range, remain out
of reach [8]. This situation was summed up by the formulation of the "OTEC Paradox" [4]: if a command-
and-control approach is not available, without determined leadership, for example by governments or large
industrial partners, the commercial development of OTEC requires the identification of niche markets
where small OTEC plants could compete. '

In the case of Indonesia, it was surmised that small remote island communities, or touristic resorts also
enjoying large energy savings from deep cold seawater A/C, could provide such niche markets. In the
following section, this concept is examined further. Later, and on the basis of the exceptional quality of
Indonesian OTEC resources, design options aimed at potentially reducing the risk of OTEC dévelopment

are also presented and discussed.

2. Niche Markets

1t is useful to consider here the cost payback time N for a 100 MW OTEC plant, which may represent a
targeted technological limit for OTEC. It should be emphasized, for the sake of completeness, that the
overall energy payback time of large OTEC plants was estimated to be of the order of one year [9].

Adopting a formula based on zero net present value, we can write [10]:

N=Log{l - CC(d - iyA}/Log{(1 + )/(1 + d)} [year],

where CC is the capital investment, A the revenue from electricity sales at the end of the first year of the
project, i and d characteristic inflation and discount rates. The capital investment necessary for OTEC
plants in the 50 to 100 MW range, with the present state-of-knowledge, would be of the order of 7,000
$/kW [8], vielding CC = $7.0 x 108. With the plant running 80% of the time (capacity factor CF) and an
assumed electricity price s of 10 ¢/kWh, A is approximately $7.0 x 107. If d = 20% and i = 10%,
corresponding to a typical developing country like Indonesia, CC(d - i)/A = 1 and N is mathematically

infinite, which is certainly not attractive! While d = 20% might correctly represent the risk taken by lendors
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(debt financing) or by stockholders (equity financing), utilities commonly issue bonds to implement large
infrastructure projects. Adopting d =i = 10%, N = CC(1 + d)/A = 11 years, which now compares favorably
with the projected life of the plant, typically 20 to 30 years. In other words, the fact that large OTEC plants
could be competitive, as earlier stated, rests on the availability of favorable financing terms (d not too high).
It could also be argued that the inflation rate above is "optimistically high", even if prices at large increase
accordingly: the electricity sales price depends largely on the cost of available primary energy sources, i.e.
fossil fuels, and i is likely to be lower when narrowed down to the energy market; in the case of Indonesia,
the relative strength of the local currency ( rupiah} also plays a role in electricity pricing, but the impact of
currency fluctuations is left out of the present study, though they may be quite large [11]; in general, i and d
should be consistent from a currency perspective, since the revenue from sales is used to cover investment
financing charges. It seems reasonable to take d as 10% or 20%, and i < 10%, in what follows.

It can be verified that small developmental OTEC plants, with rated capacities RP of 1 to 10 MW,
cannot be competitive, as the ratio CC/A, proportional to CC/RP for a fixed value of CF, would jump more
than threefold. An estimator equivalent to N is the levelized production cost of electricity p over a project

life of n years, and defined in a simplified form, for renewable technologies, by [8]:

p = (CC £)/(87,600 CF RP) [¢/kKWh] , )

where f = d/{1 - 1/(1 + d)*}, and RP is expressed in MW. With CC/RP = 20,000 $/kW, CF = 80% and n =
30 years, p approximately falls in the 30 to 60 ¢/kWh range, with d from 10% to 20%.

p is clearly too high in a broad-market context, although one has to exercise caution when comparing it
to "today's" sales price of electricity s: s must firstly be corrected for government subsidies (such as may be
given in Indonesia), then reduced to reflect solely production costs, and finally multiplied by the net-
present-value factor G = {f/(d - i)}{1 - [(1 + )/(1 + d)]*}. With s about 10 ¢/kWh, actual production costs

could be as low as 6 ¢/kWh [12], but G could in turn reach 2.9 (if d = i = 10%): thus, p may have to be

compared to a value larger than s, e.g. 17.4 ¢/kWh. With very high estimates of p for small OTEC plants,
however, these subtleties appear somewhat irrelevant.

The idea of niche markets for small OTEC plants is illustrated in Fig.1: in order to have a competitive
range, either the levelized production cost of electricity with typical technologies (oil, coal, etc...) must
sharply increase (e.g. on small remote islands), or the levelized production cost of electricity with small

OTEC piants must sharply decrease (e.g. with the help of A/C net electricity savings).

2.1 Small Isolated Islands
The first type of assumed niche market, where specific conditions could make small OTEC plants
competitive, consists of small remote island communities. A study performed for a 1 MW wave-power
system on the Japanese island of Okinoerabu reported that the levelized production cost of electricity by
small diesel generators in remote locations may be as high as 50 to 300 yen/kWh [13]. The source of this
high price range was not given. Taking an exchange rate of 160 ven/$, such an estimate would translate
into 31 to 187 ¢/kWh. Alternatively, the electricity rate s, corresponding to diesel power generation on

isolated islands in the Philippines, was quoted to be much lower, with s = 17 ¢/kWh [14]. Even though the




cause of these apparent discrepancies, as well as appropriate values of the net-present-value factor G,
should be investigated, the above figures could nevertheless be construed as establishing islands similar to
Okinoerabu as OTEC niche markets. Okinoerabu, Kagoshirha Prefecture, is located south of Kyushu; it is
slightly less than 100 km? in area and has a population of about 15,000; the installed power production
capacity RP somewhat exceeds 10 MW. These simple statistical figures give orders of magnitude that can
help in defining candidate island niche markets in Indonesia. Table 1 shows a selected list of possible sites

favorably located in terms of deep seawater accessibility, and spread across the Indonesian territory.

2.2 Resorts

The idea of combining OTEC with other Deep Ocean Water Applications (DOWAS), to boost the cost
effectiveness of OTEC with "valuable" by-products, has been extensively investigated. The most popular
DOWAs are desalinated water (e.g. [15], [16], [17]), deep-seawater air-conditioning (A/C) (e.g. [18], [19],
[20] or a combination thereof [10]. Recently, the cultivation of giant kelp for biomass production, in
conjunction with both OTEC and deep-seawater A/C, also was considered [21), while other researchers
focused their design effort on the industry-specific requirements of flower cultivation [22]. Deep-seawater
mariculture is discussed in numerous papers as well, but when the cost-effectiveness of DOWAs is
evaluated, the most obvious - if not the only - outstanding performer is deep-seawater A/C [8]: typically,
using deep cold seawater for an A/C load of 1,000 tons, roughly equivalent to the cooling needs of 1,000

hotel rooms, would result in energy savings larger than 800 kW [18]. This corresponds to potentiaily

attractive payback times for deep-seawater A/C systems alone, although there seems to be a minimum A/C

load threshold below which this technology becomes uneconomical: such a threshold depends on many
local design variables, but seems to be in the 1,500 to 2,000 tons-A/C range ([20], [10]).

The following question will now be addressed: for a developmental land-based OTEC plant sharing its
deep cold seawater resource with an A/C system, what A/C load Z would make the combined value of p
competitive? The question naturally limits developmental OTEC plants to land-based systems, but even
though this is a compromise from a scalability standpoint, it represents the only way ocean hardware (e.g.
the CWP) and the capital necessary to purchase it can be effectively shared between OTEC and A/C. The
calculation will be approximately based on an existing OTEC design, and will be conservative if possible.
As a baseline, we therefore consider a 1.2 MW OTEC plant drawing 3,000 kg/s of deep cold seawater, and
costing about $2.6 x 107 [15]. With this basic input, p would vary from 34 to 62 ¢/kWh, for d between 10%
and 20%. The capital and seawater flow rate requirements associated with the A/C system (excluding the
CWP) are taken as $1,850 and 0.11 kg/s of 4°C seawater per ton-A/C, respectively {10]; the cost is
conservative when compared to estimates from other sources [19], but values of Z much less than 10,000
tons-A/C are anticipated, and no economy-of-scale should therefore be expected; the flow rate reflects the
low temperature of the seawater, when compared to designs where A/C alone is contemplated. Assuming
that CC can be separated into a fixed cost, for the CWP system, and that the balance for the OTEC plant is

proportional to the net OTEC power output, we get:

RP(Z)=124{1-(0.11/3,0000Z} =1.2-44x10°Z [MW],




CC(Z)=6x106+20x 107 (RP/1.2)+ 1,850 Z=26x 107+ 1,117Z [$]. 3)

On the basis of net electricity savings of 0.8 kW/ton-A/C, incurred with deep seawater A/C, the equivalent
revenue S, levelized over n years, and with s given in ¢/kWh, is equal to:

S(Z)=70.08 CFZs G [$/year]. €]
It follows that, by generalizing Eq.(1) and taking CF = 80% for the combined OTEC-A/C system, we have:
p=[CC(Z) f-S(Z))/{70,080 RP(Z)} = [¢/kWh],
i.e., by substituting Eqs.-(Z), (3) and (4):

p=[{371+0016 Z} f} -8 x 104 Zs GJ/{1.2-4.4 x 105 Z}  [¢/kWh] (5)

It can be verified that dp/dZ < 0. We now select a competitive levelized electricity production target

Peomp = 0.65G. The equality p(Z) = Peomp yields Zeomp; with s = 10 ¢/kWh, we get:

Zeomp=(71f-72G)/(-0.016 f+7.74 x 103 G) [ton-A/C]

It is essential to note that Z is very sensitive to d and i, as illustrated in Table 2.

The last point to investigate is whether the A/C loads in Table 2 are realistic when compared to the
expected level of touristic development in targeted areas. To find a simple answer, one may equate one ton-
AJC to one hotel room. An upper limit for Z could then be provided by hotel capacity data in Bali, the most
developed touristic island in Indonesia.

Major hotels in Bali roughly form three clusters around Denpasar: Kuta, Nusa Dua and Sanur. These
locations correspond to approximate overall hotel room numbers of 2,000, 1,000 and 1,000, respectively
[23]. Accordingly, and on the basis of Table 2, it can be said that OTEC resort niche markets would only
exist if favorable financing is available (e.g. d =10%), while moderate inflationary pressure (i from 35 to
10%) boosts the net present value of the electricity savings incurred with deep seawater A/C.

With this result in mind, the region targeted as an OTEC resort niche market is Lombok, one of the
two main islands of the province of West Nusa Tenggara, and Bali's eastern neighbor. Lombok has a
population of about 2.5 millions on a territory of 4,800 km?. While 50% of the Gross Regional Product of
West Nusa Tenggara is still contributed by agriculture, tourism has been rapidly expanding, with visitor
counts increasing from 123,000 to 279,000 between 1989 and 1994; 500,000 tourists are expected by 1998.
Currently, fewer than 1,000 hotel rooms are available near Senggigi. 15 potential sites for touristic resorts
have been listed under Provincial Regulation No. 9, 1989. Some are located on the small island of Gili,

offshore of Lombok's northwest coast, and have excellent access to deep cold secawater [24].

3. Alternate Design (Risk Minimization)

It has been recognized in the previous section that the design of power generation systems is driven by
the minimization of some levelized cost of electricity. For renewable energy technologies, especially when
they are as capital-intensive as OTEC, the term corresponding to current expenses over the life of the

project (fuel. maintenance and repair...) is somewhat negligible when compared to the term representing
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initial investments [8]. Therefore, it is customary to evaluate OTEC plant designs by simply performing a
minimization of the ratio of capital cost divided by net electrical power output, CC/RP: such a simplified
approach is the more justified as one attempts to optimize a specific OTEC plant design rather than
comparing OTEC with other power technologies. Minimizing the objective function CC/RP is by no means
an easy task, however, as a great number of physical design parameters must be accounted for, while in the
case of OTEC, the uncertainties associated with many cost relationships may be quite large, for lack of
prior knowledge. In the face of such a challenge, one can identify a reduced objective function, if it is
critically important to the overall cost effectiveness while its terms are better known: this approach was
applied, for example, by minimizing the ratio of overall heat transfer area over RP [25] .

A full-fledged OTEC plant design optimization is beyond the scope of the present study. It also would
require a detailed knowledge of a particular OTEC site, which would only become available when an actual
project is under consideration. Since the necessary developmental steps to bring OTEC to a mature stage
are the object of this paper, however, one should identify whether any component of a developmental OTEC
system is especially risky to deploy as well as to operate, while striving to keep the ratio CC/RP as low as
possible. If the high-risk component also happens to be very costly, stand-by redundancy is not a practical
option, if, moreover, the high-risk component plays an important role in any future scale-up of the OTEC
technology, modularization, i.e. operational redundancy, is not a desirable strategy either.

The seawater systems of OTEC plants precisely meet the "high-risk" criterion outlined above, especially
in the case of the CWP. From the infancy of full-scale OTEC demonstration projects to recent times, and in
spite of considerable progress in ocean engineering and materials science, the 60-year-long history of
OTEC chronicles a number of spectacular failures of CWPs, whether during their installation, or while in
place: in 1929, two conduits were lost under tow and during controlled submergence, respectively, in Cuba
{11, while a third one was destroyed by a tropical cyclone after three weeks of operation; a storm severely
damaged the CWP of a plant built in 1981 by a Japanese consortium [6]; in 1987, a 1.2 m diameter CWP
sank while being towed in Hawaiian waters, in spite of previous success with similar operations {26].

OTEC seawater systems also are very costly. For a proposed land-based OTEC plant, to be deploved on
the west coast of the island of Hawaii and rated at 1.2 MW, seawater systems, consisting of the installed
CWP, warm-water and discharge conduits, and seawater pumps, would cost $10.8 x 105, ie. 40% of CC
[15]. In another benchmark study, for a floating OTEC plant rated at 5 MW, the estimated costs of
installed seawater pumps, pipes, power cable, and mooring system, amounted to $38.5 x 10%, i.e. 30% of
CC ([16]. [27]). Moreover, the seawater systems of small experimental OTEC plants should be designed
with scalé-up needs in mind, to ensure the ultimate success of large OTEC plants of the order of 100 MW:

from a long-term perspective, this rules out modularization, i.e. scaling down (the use of a bundle of

smaller, softer CWPs, for example, in lieu of a single, stiffer conduit), even if it offers immediate
scheduling or cost expediency. Instead, full scale-up capability should be sought, as in the 1983 at-sea test
of a 2.5 m diameter Fiberglass Reinforced Plastic (FRP) pipe hanging from a platform, off Honolulu [5].
One mathematical approach to give risk its due importance could consist in performing a standard
minimization of CC/RP, but with each component multiplied by a weight function (risk factor). While

attractive in principle, this method depends on our ability to define the weight functions (e.g. for a CWP as
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a function of its length, diameter, material, etc...). We will not undertake such a task here, since its
difficulty would exceed that of a classical design optimization. Instead, a radically different and far simpler
concept will be developed, which could be justified by the exceptional OTEC resources of Indonesia.

With seawater temperature differences 5T, between the ocean surface and depths of the order of 1,000
m, often reaching 24 °C, an acceptable methodology would be to either design an optimum OTEC plant for
8T = 24 °C, or to operationally optimize a plant designed for a different input, say, 8T = 20 °C, so that it
would vield maximum net power when 8T fluctuates. Operational optimization is far simpler than design
optimization, since it only involves a very small set of parameters - the operational degrees-of-freedom of
the OTEC process: with a given OTEC temperature resource, Closed-Cycle (CC) OTEC, for example, has
essentially three frec parameters, which consist of the two seawater flow rates and of the working-fluid flow
rate; in the case of Open-Cycle (OC) OTEC, no pump is needed to circulate the working fluid in a loop, but
a vacuum compressor has to evacuate non-condensible gases released from seawater at the very low
prevailing OC-OTEC pressures: the setting of this vacuum compressor is a third operational parameter.
Many examples of OTEC operational optimization can be found in the technical literature [28], [29].

The concept presented below borrows from operational optimization its relative mathematical simplicity.
but 'expresses a different overall plant design philosophy: the central idea is to connect specific OTEC
seawater systems, perhaps suitable for one OTEC power block, to two OTEC power blocks instead, in the
global counterflow arrangement iilustrated in Fig.2. In the more general context of CC-OTEC considered
below, a power block consists of an evaporator, a turbogenerator, a condenser, a working-fluid liquid pump

and all related working-flnid piping and fittings. Onlv larger values of 8T can justify the potential

practicality of such a concept, because the OTEC temperature ladder must now be shared by two power

cycles, each requiring a sufficient enthalpy drop across its turbine, as shown in Fig.3. From a risk
perspective, and as long as CC/RP does not increase too much, it can be said that the high-risk seawater
systems will be more productive with this novel plant layout, as the ratio of the (fixed) cost of the seawater
systems over RP drops: in other words, more electricity would be produced per unit of seawater flow rate. It
is in those terms that the proposed concept can be labeled a risk minimization scenario.

We now attempt a simplified quantitative evaluation of the global counterflow arrangement.
Thermodynamic functions which weakly depend, for example, upon temperature, are treated as constants
owing to the very narrow OTEC operational range. Similarly, the dependence of some hardware
performance characteristics, such as efficiencies of turbomachinary or heat exchanger effectivenesses, upon
flow rates or other variables, is ignored at this crude level. Also neglected are hydraulic pressure drops of

the working fluid through the OTEC closed loop, though one could extend the analysis to include them.

3.1 OTEC Plant with Single Power Block

We first formalize a standard CC-OTEC plant, with only one power block. The power extracted at the
turbogenerator terminals, Pgro;, can be very well approximated by:

Pgross =1 gntmhfg(Tevap - Teond) Tevaps kW] (7




M turbine isentropic efficiency, ng: generator efficiency, m: mass flow rate of working fluid (kg/s), he
specific evaporation enthalpy of working fluid (kJ/kg), Tevap: €vaporation temperature of working fluid (K),

Teond: condensation temperature of working fluid (K).

Using Clapeyron's equation, it can be shown that the power consumed by the small working-fluid liquid

pump, Poump, is approximately given by:

Ppump = Pgross vy (VeMpMmNiMg)s (kW] 1ty

mp: working-fluid pump isentropic efficiency, ny,: motor efficiency, vi: specific volume of working fluid as a
liquid (m*/kg), vg: specific volume of working fluid as a vapor (m3/kg).

Since vr is smaller than v, by about two orders of magnitude for typical working fluids like ammonia,
Ppump << Pgross. Although Ppypp is practically negligible, its proportionality to Pgress, expressed in Eq.(8),
will allow it to be easily retained.

To keep our formalism simple enough, it is assumed that seawater discharges, from the evaporator and
from the condenser, respectively, are separate, even though most design studies opt for mixing OTEC
seawater effluents. The power expended by the surface seawater pump, Py, and by the deep seawater pump,

P.w. can be expressed as:

Ponw = Ol mww3, Pow = Olow n'lcw3 + Py, kW] &

Seawater-pump and motor efficiencies are included in the loss coefficients ctyw, Cew. and P above. oy, and
dew, i kKW per (kg/s)3, represent the contributions of hydraulic losses such as friction, bends, contractions
etc..., i.e. when pressure drops are proportional to the square of the fluid velocity. B, in kW per (kg/s),
corresponds to the density head which must be overcome to pump a fluid (deep seawater) denser than
another (seawater averaged between the surface and the cold seawater intake) to the equilibrium level of the
latter; this density head is typically of the order of 1 m for 1,000 m-deep cold seawater intakes. Collecting
Eqs.(7) through (9), we obtain an approximate expression for the OTEC net power:

Pret =1 mhfg(Tevap - Tcond)/T evap = Qww mww3 - Oow Mgy - By, kW]

where by definition, = 1 g - Vi/(vg Mp M)
The above equation contains the three operational parameters 1, My, and Mgy, but also the unknowns
Tevap and Teong. These two "additional" quantities must be eliminated, since the problem has only three

degrees-of-freedom. The first equation used in the elimination process is a condition of zero global enthalpy
change for the working fluid as it flows in a closed loop, i.e:
MyrCpA Tww + "'lmPpump F MowCpATeow + Pgross/ g YD)

¢p: heat capacity of seawater (kJ/kg-K), ATy: cooling of the surface seawater through the OTEC plant (K),

AT warming of the deep seawater through the OTEC plant (K).
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The next equation represents an enthalpy balance in the evaporator, where the cooling of the surface
seawater allows the working fluid to warm up from Teyap t0 Teong before boiling:

My CpATwnw = m{hgg + Co(Tevap - Toond)} (12)

where C, is the heat capacity of the working fluid.

Finally, the OTEC temperature ladder allows the problem to be closed:

8T = ATww/Sevap *+ Tevap - Tcond + ATcw/Econd: (13-a)
Tevap = Toww - AT yw/ €evap- K] (13-b)

Eevap and €cond, the evaporator and condenser thermal effectivenesses, respectively, are non-dimensional
performance parameters between 0 and 1, which quantify how closely the seawater streams approach
thermal equilibrium inside the respective heat exchangers.

In the solution scheme adopted here, three mathematically independent variables are arbitrarily selected:
X(1) = My, X(2) = Myw/Mew, a0d X(3) = Teyap - Teond- [ Egs.(7) and (10), m is eliminated by means of

Eq.(12) and Teyap by means of Eq.(13-b). Eqs.(8) and (11) can then be rewritten; the latter becomes:

x(z)ATww - ATcw = X(z)x(:;)ATww{'qt - Vf/(vgnp}/[{Tww - ATww/fc-:evap}{l + X(3)Cp/hfg}]- (14)

Substituting AT, from Eq.(13-a), Eq.(14) becomes a trinomial in AT, for given values of x(2) and x(3),
and can be easily solved; ATy is the root between 0 and 8T - x(3). We can now maximize Py, expressed
in Eq.(10) as a function of x(1), x(2), x(3) only, with all other quantities input parameters. x(1) and x(2)

must be positive, and 0<x(3)< 8T. The maximization algorithm selected is the simplex method [30].

3.2 OTEC Plant with Twe Counterflow Power Blocks
With the proposed counterflow schematic layout of two OTEC power blocks, shown in Fig.2, the
algebra involved in extending the previous calculations is slightly more cumbersome, but proceeds along a
similar path. Some details will therefore be omitted. There are now four operational parameters, the
additional degree-of-freedom corresponding to the working-fluid flow rate through the second CC-OTEC

cycle. By convention, quantities with index 1 are related to the power block utilizing colder deep seawater,

at T, while the same quantities with index 2 are related to the power block fed by warmer surface

seawater, at Tyy. We define X(3) = (Tevap - Teond)1 a0d x(4) = (Tevap - Toond)2. Each power block has a

"temperature ladder", vielding relationships similar to Eqgs.(13):

8T = AT/ Eevap T X(3) + ATcw1/Econd + ATwwa,
Tevap1 = Tww - AT w1/ Eevap - ATww2, {K]
8T = ATwma/ €evap T X(4) + ATcwalecond + ATewls

Tevapz = Tww - AT w2/ Eevap- K]




The two counterparts of Eq.(14) are:
X(2)ATww1 = ATewr = X(2)X(3)ATune1 {1 - Vf/(vgnp}/[{Tww - ATwwi/Eevap - ATwwa H1 + x(3)Cp/hg 1], (16-2)
X(2) ATy - ATewz = XQ2)XA Ty Nt - Vi (VgTp}/[{ Ty - AT Eevap} {1 + Xx(4)Cp/hgg}]. (16-b)

Eqgs.(15-a) and (15-¢) can be used to eliminate AT, and AT, from Eqgs.(16), which become a system of
coupled non-linear algebraic equations in ATy, and ATy, for given values of x(2), x(3) and x(4). By
substitution of one of the two remaining variables ATy or ATww2, Eqs.(16) vield one equation of one
variable, which is solved with Brent's method [30]; if the variable is ATwwg, it can be bracketed between 0

and 8T - x(4). What is left to do is to maximize P, {x(1), x(2), x(3), x(4)}, given below:

Pret = nepx(1)x(2) {x(3)ATww1/[{Tww - ATwwi/Eevap - ATww23{1 + x(3)Cp/hge} ]+ x(4)AT !

[{Tww - ATwnz/Eevap {1 + X(4)Cp/hfg}] 3 X(1P {owx(2)® + aiy } - Bx(L). [Kw]

The hydraulic loss coefficients o and o above are larger than their counterparts with one power block

only, even though "seawater systems" are unchanged: there is a large contribution to seawater flow

resistance resulting from adding another set of heat exchangers.

3.3 Numerical Application to a 5§ MW CC-OTEC Floating Platform

The above concept is ﬁumerically applied to a "typical” 5 MW OTEC floating platform design, where the
power block uses ammonia. For this design, an OTEC resource 3T = 21.5°C was projected to yield Ppe =
5,260 kW [16], [27]. The simplified equations presented here in the case of a single OTEC power block
predict P well, with a value of 5,280 kW for the same OTEC temperature difference, Ty = 278.15 + 8T
(i.e. for a deep cold seawater temperature of 5°C), a_nd the following input: ¢, = 4.0 kl/(kg-K), Cp = 4.8
kI/(kg-K), heg = 1,200 kI/kg, B = 0.01 kW/(kg/s), n = 0.70, 0, - vi/(vgnp) = 0.79, Eevap = 0.75, Econa = 0.79.
O = 6 x 10711 kKW /(kg/s)3, ey = 4 x 10710 kW /(kg/s)®. When the single-power-block calculations are
repeated for 3T = 24.0°C, P, increases to 7,280 kW. This gain, at about 14% per degree of OTEC resource,
is in keeping with previous off-design OTEC studies [28], [29].

To determine the value of P, that could be produced with two OTEC power blocks arranged in a
general counterflow layout, and 8T = 24.0°C, the only input parameters to be revised are the seawater loss
coefficients ow and oy from vendor-provided estimates of the seawater pressure drops through the
evaporator and condenser, and with an allowance for some additional piping, the two-power-block values of
onww and o, were assessed to be larger than their one-power-block counterparts by 85% and 45%.
respectively. Implementing the algorithm above, the general counterflow arrangement yields Py = 10,080
kW. We should now see how the ratio CC/RP is modified. With an original cost estimate CC = $129.1 x 106
[16], the operationally optimized single-power-block design corresponds to CC/RP = 18,000 $/kW when 8T

reaches 24°C. If one only considered the cost of an additional power block, $50.6 x 10, the ratio CC/RP




would coincidentally be unchanged for the proposed two-power-block design. This fortunate result is

naturally a lower bound, as a floating platform housing two OTEC power systems instead of one would

clearly be larger, albeit by a factor less than two. An unrealistic doubling of all costs not related to the

common seawater components vields an upper bound CC/RP = 22,000 $/KW.

3.4 Discussion
In the case of a 5 MW floating CC-OTEC plant, the proposed two-power-block arrangement was not
predicted to unduly tax CC/RP, while potentially reducing the risks associated with seawater components.
The above concept should work even better in the case of an experimental land-based plant, since the
CWP is then much longer and contributes more to parasitic power losses (relatively high single-power-

block value of o) as well as to initial capital costs. The concept is also applicable to OC-OTEC, with the

interesting fact that the vacuum compression of the low-pressure noncondensible gases evolved from
seawater would have to be performed only once, through one power block. Clearly, many adaptations of the
present idea could be envisioned; for example, warm seawater at T, could feed both power blocks, since it
is relatively easy and less costly to deliver surface seawater to an OTEC plant than deep cold seawater: this
would boost Py, but also burden CC; it remains to be seen which effect would dominate in the ratio CC/RP.

Several problems must be noted with the tentative risk minimization strategy outlined above. On one
hand, it may be unrealistic to expect a very capital-intensive technology such as OTEC to be developed with
even higher requirements on CC: notwithstanding the relative merits of the global counterflow arrangement
and its modest impact on CC/RP, more money would be necessary to implement it. In the likely event that
absolute financing limits ("caps") exist for projects of this nature, the proposed idea would not be applicable.
Under financing caps, one may even have to compromise by perhaps shortening the CWP from a typical
1,000 m length to 500 m- which also slightly reduce risks - even though calculations of CC/RP would
strongly point against doing so (at water depths exceeding 500 m, every CWP length increase of 150 m
approximately provides an additional 1°C in OTEC thermal resource).

On the other hand, and setting aside the simpliﬁéations included in the algorithms, the most severe
shortcoming of the present analysis is that the basic power block may be "underdesigned"; i.e. specifically
selected for lower OTEC resources than 8T = 24°C (e.g. 21.5°C in our numerical example). This could
artificially favor the proposed idea of two counterflow power blocks, and a full-blown design optimization
of only one set of power components, with higher OTEC resources in mind, is desirable. There may
nevertheless be other benefits in the "doubling" of power components, though perhaps not in terms of direct
investment (economy of scale): firstly, operational modularization of the power system would be done, and
with proper seawater bypass piping, the temporary failure of any power component would not shut down
power production; secondly, the testing and improvement of components with a "reduced" OTEC resource
(none of the two power blocks is exposed to the full 8T) may present some technology transfer advantage,

when areas less OTEC-fortunate than Indonesia later undertake the development of their resources.




4. Conclusions

The present study explored ways to break the "OTEC Paradox", that is to allow the deployment of small
-developmental OTEC plants without a command-and-control strategy. Under the sole influence of market
forces, however, the production of electricity by small capital-intensive OTEC units cannot be competitive

in a broad sense. Consequently, the identification of niche markets becomes critical [4]. Two types of niche

markets were examined here: small remote islands, somewhat similar in size and population to Okinoerabu

(Japan), for which a number of studies have been performed, and touristic resorts like those in Bali. In the
latter case, significant electricity savings from deep seawater A/C would contribute to the cost effectiveness
of the project. In general, it was found that moderate discount rates not exceeding about 10% are necessary
to alleviate the initial investment burden, while for resorts also using deep seawater A/C, moderate inflation,
between 5 and 10%, would sufficiently boost the net present value of A/C-related electricity savings for
resort sizes to remain realistic, with lv,OOO to 2,000 hotel rooms: this concept could be attractive for such
Indonesian sites as Lombok, in the province of West Nusa Tenggara.

Next, the issue of risk minimization was addressed, since it might be important with developmental
OTEC plants. A counterflow arrangement of two "standard" OTEC power blocks utilizing common
seawater systems was thus proposed, and a simplified quantitative evaluation was performed in the case of a
floating OTEC plant with a standard rating of 5 MW. While the concept may be reasonably attractive
inasmuch as exceptional OTEC resources are available, since it does not appear to overly compromise
global cost effectiveness, some cautionary arguments were also offered: in particular, important design
decisions should only be made after a full design optimization of a single-power-block OTEC system has
been performed for OTEC seawater temperature differences as high as 24°C.

Finally, even without command-and-control strategies or appropriate niche markets, the OTEC
technology might eventually mature under increasing environmental pressures: with growing concerns
about global warming, for example, the need to find alternative carbon-free power sources could certainly

become a major incentive to develop OTEC [31].
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Table 1. A List of Candidate Indonesian Islands
for Developmental OTEC Plants.

Name

Province

. Sabang
. Nias

. Siberut
. Enggano
. Roti

. Wetar

. Sangihe
. Selayar
. Biak
0.Yamdena

Aceh
North Sumatra
West Sumatra
Berigkulu
East Nusa Tenggara
East Timor
North Sulawesi
South Sulawesi
Irian Jaya
Maluku

Table 2. Zcomp as a Function of
d and 1, in ton-A/C
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N7 —EORBREI LTHE AT, EFVLEBEORAEEZRIEL TS,

2. EFRHE/NZ LD FEM BEOTT VLR & B NR
2.1 AL I AREOEF IVLEE

A EEARCRREAM L, —RICE—TEOHBEM I EHBICERE & L EARbE
ANER-TWE, SOBEOER, BEBEMPEREL 2w E T 535 VO FEREEE —
FOBERE, NAVHHENS N7 Y AHAICE—HEMTbLEROMTEE S, |
SUAMMB T bARWEINRTWEETLE, FEOEEE-FIZENRFN, Fig. 1
DEBBIV—HEHETEINL I LIRS,

oy HEOET VALEBICE LTI, SR LVORBEERE - FIiZib U T 2 EEIE

¥ RBRE - LHER - V=T Y YT VAT AEE
*ORBRFERFER - TEFEH - ELFEK




Double bay model

ghit

Triple bay model

{

T’

Triple span model

Fig. 1 Modelling of continuous stiffened plating

AoNb, Tabb, NANOU Y JHEOFEEEET - FFaEt—F Thhid, Fig.
1 @ adg & beh DR, HAH\:id beh & cfi DEEET ML, ZRNERDERET w %
—RE L, RXOHEHZREITLV,

0,=0,=0 (1)

T LT, BHEEE-FPMBEEE-F L %255E6100F, Fig. 1 ®adg & i D
BMEET VLT BLEFH D, TOBE, adg & ofi LOWIBTSHHT, TtbAahbizbah
AVFELWEDORPEGEF TSR 5, Thbh, TNTROERETw Z—FREL, [H
Uy BENETARATRELFHZRT,

Vadg = VUcfi, Wadg = Wefis ez adg = 01: cfis . (2)

ey adg = Vyecfiy 92 adg = ez cfi
Pif%, adg & beh DfEH S\ id beh & cfi Dz ETNV{LT 256 % double span
model, adg & cfi D Z €7 VLT 555 % triple span model & I35,
2.2 b7 L RAARDET IVLER

—7%, VI Y RAFMOET VLR, HEMAREONHES L UHERGICKEY
Bo ¥, BEMIPFEEMSLIVIIHL TRHMOL I C 28MH VI3 1 S EELE
FTLIEAIE, EROSEEEEL, b U AFMAICIE Fig. 1 @ abe & def D, F7-
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& def & ghi DEZETFTNVEL, FREFID
BRETHMEGHZRT
Bigss s 7 » 7 VB Tdh 5% 6101,
RPEEM BTN R Z A L Ty, DR
BAMICER T AMEICLD, BFEMICHTE
ErSEL2VEEICE, ERERLET VL :
HHETL V. ZOLIBHELLT, B JE
DA% LOHE RV, BARESERT _M% ;%
PREN B D, L Lins, mfieban 10 S ggggmw 4
HHGE, HEVWEIKERESEHT %6
124, abe & ghi OB EFMEL, 2hHD Fig. 2 Displacement of angle-bar stiff-
R - CREE R A A B 2 LTS B, ener on stiffened plating sub-
SR, OXOBEICE D, B3 ITAKTH jected to lateral pressure
B g A(ER LT A5E, B s
DEARITH 0T, SAMEERI BT LD, VE, BIMERORBTEL, WEO
EUARRS AT ET 5L, SAHEOERAIILNENOWIS0EE5 0T,
BT V213 Fig. 2 (R & ) ZEEATHOFABHZIFEL S, L Leds, WED
KEFEBE L, SRV EOBEARICE> THREN TS 2O, ZOMNEBTRARIIRE
NTWD L) KRS f 25, BHEERT A2 812% 5, TORIIIGERIH.LE Y
DRIEZEF 2 RESE DL, Thbb, FAMEZZT HE/ XA VOBEM T > 7 VE
FMTHLHEITIE, WEIZ Fig. 2 12T &) ZBENERFEL LI IR 5,
P&, abe & def D& B\ id def & ghi DE % €7 VLT 2354 % double bay model,
abc & ghi DE % 7T VLT A4 % triple bay model & &,

2.3 BRI R

¥, AAMELSTHIERT AR/ SRV E LTI, BB TH I N/ SR UFEDS
axbxt=2400x 800 x 13.5 mm BL U a x b xt=1,600 x 800 x 13.5 mm @ 2 F&E}F
RBET D, NANVPZOFALTHEMEFINTVWA LTS L, TV JHAICHETIE 3
FERE-F, BETR 2 FBEE-FPOBHEESRET L IR D, —F, U IH
12, hxt,; =300%x20mm DFEEZHFTLFHMTHLET 5,

W2, KEWESERT AR/ SRLVE LTI, /N3 VTN ax Ext = 2,400 x
800 x 13.5 mm, BH#EM X7 >~ 77 VEISRH T h X by X t,/t; = 250 x 90 x 9/15 mm D4
NRENVERFRET B,

M- bAE LT, MEIRSLTEYEE-FILREBE-FE2527, WFho
E-FOHEDL, NANVOBRKAHI-bAES LUHBEMOBRKIOH/-bAEL b, /5%
WVIRED 1/100 & L7z #EHIBERIL S oy = 313.6 MPa ® HT32 ik L, E/65 DN
THE{L®E% 5. 2 72 bi-linear 26~ 0 AR EIRE L7,
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3. BNEHERTE & (T 2 FiRM T 2B/ NI

KBTI, P BN & T AR SALEZNRETEDT, b5 > AHMANICIE double
bay model & L, T > Y KMIZ double span model 3 & UF triple span model % # %z T
MErER LT, BREHWEIR, orJAEIEREETHES,

3.1 EEHRET—F PYEEETE—RKDBES

R SFRNDT AT b AT 2.0 DBEDHITHER %, Fig. 3 (2) I0RT. HFDEMH
EOENIERE—-F Oz bAh a5 27256, x HHEAHIIELEE-F 0N b
AEEZ IGEOFEHERCI] ~EHERH T ADEFREEER T, double span model D3
i, NANVPRCHHREFEZEAL TN S0, By IHRAINC 3 REE—F OERFE
PRELTEY, RANVORFEEEFEIIREKD 2 FHE—F OEEFEET S triple
span model DFE LN S EL L b, FD72DIZ, BFENAVE L TORKBED double
span model D HY, EPTEHLPEL Lo T b,

—7, BEEE-FNO@WiA-bAhE 527234, triple span model 12 & 5 fRATHE IR
BE—FOM/-bA T 52758 2ZRCE RS, LA L7%EA D, double span model
DR, BEE-FODMbAE 52 HELERFKE (RS, THUE, double
span model TRHFHFENATHELEE-FERTOT, RROEEE—-FTH5 2 FK
Bansiz <, 3 FEBS DMOFHEES (PRI 1 FHEET) ORETHREEZHT b
T THb, TOBEOREEBEL, 1ZIZTEMEREREEICEL TV,

3.2 ERBEET—K "I ET—F DijE
DXIZ, BE/SEANDT AT N A 3.0 DBEITH LTEL N - EYEREIET ~FY

1.0 1.0
AAA‘\AAA
A
oloy 2 AAAAA oloy
A,
AAAAA % Py
0.8 | s, 0.8 4 AA%
3 AAKA%
0.6} 0.6 +

Initiat deflection of buckling mode
Initial deflection of buckling mode o : Double span model

0.4 04 X

o : Double span mode! : Triple span model

: Triple span model

Initial deflection of hungry horse mode
Initial deflection of hungry horse mode & : Double span model
02 a : Double span model 02F /0 e : Triple span model

x : Triple span model x : Left span of triple span model
+ : Right span of triple span model

0 0.5 1.0 /g 15 0 0.5 10 g/g, 156
(a) Aspect ratio of a/b = 2.0 (b) Aspect ratio of a/b = 3.0

Fig. 3 Comparison between calculated results by double span and triple span models
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EMEOT AR E, Fig. 3(b) 07T, HFDOEREOCHIZEEE—F O/ -bAh e S
ATGEE, —H, ARLAHBEEYEE-F OO bs e SR EEORRERT,

Y, BEE-—FOWH-bAEEZ BEICE, MEFT VL ABRERIIIZILAL
—HF B, SHISHLT, BEEE—FOUlLbaEE 2 HEI0E, BREREROR
NOFBELFICENROND,, BE, ZEBERICWIMET LTTCGBETIE, BHER
M AHUTHEICES L TITE, OIS TRERMSRLE L TEELH L FH O AP, w#E
B2 A L THT { - double span model & triple span model Tid, £EKOESIIHNT S
MUERETBOREODUPRL L7:012, WHETROPFHOTARIIEFTELTWVD,

L7 AU, triple span model % LA EFITHT, &G T LIFHIET L FHOT A
PEGET Ty M5, Fig 3 (b) OxEIE +EII %5, xEIZAEITE S N7z double
span model DR L, F72, +EANIBEMRHFOBERERIZIZIZ—HL T,

4. KEFESSUVERNEBEHEE R 57 > 7 VBT Z BB/ SR IV
T ITE, T VEEMAT X DORFES RV E R E LT, double bay model & triple |

bay model IZ & A BT ROHEEZIT) . WMEL LT, KEMEBLIUO YV HHD S

WIEh T Y AFHEORNERMHTELZER 5,

4.1 KEWREVERT 5158

KEWEDD ETHELLbADL T Y AHFMAHEEE, Fig. 4 ISR T, HE (a) &
double bay model, X (b) i3 triple bay model Z V723585 DEEEE T, 2 ETHH
L7277 v 7 VEIEM OB RI~OB N AA DB T, double bay model DFMT T, FhtE
MOBEETNANMELEbADKE SHRE>TVD I ENFH 5,

(a) Double bay model (b) Triple bay model

Fig. 4 Comparison of deflection modes between double bay and triple bay

models subjected to lateral pressure load

4.2 KE L ENEREESERT 585

KIE L HAFEDSVERT 235122 T, double bay model B & UF triple bay model
PHWTRDON-BREEY, KEWEICH LT Ty b LT Fig. 5 IXRT KER
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h : Water head
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A : Double bay model ' S )
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Fig. 5 Comparison of ultimate strength Fig. 6 Comparison of collapse mode by
by double bay model and triple double bay model and triple bay
bay model model

BILBEABRELKETELTEY, BN TRIFTIOKEOKEHEZEN L 2K,
nyIHESENRE T AFEOTNERHEZEM LTV 5,

Fig. 5 T, METNVIZE B EHEEDF--HL TV EHEIIE, BREEROBET-F
SEILERoTWSE, —F, MEBICEFRONLEAIZIE, EE-FHPELR L, H21T,
15m AKETH 7 Y AHEMERHEOHEDOTMET VORBEE—F 2B L T, Fig. 6 IZRT,
b7 Y AMNME THD/2bHAE—F 7%, double bay model TiXERE, triple bay model Tid
BMFEHIGEWE-F Lo TWwh,

5. ¥&9

AL T, A EFRE X UREIMEE R ER/RFE/ A VO FEM 12 X 2HBHER
72 hABITICE L TO, 2T MEERICOWTERL MR 2. ZOHEE, DTOM
ReRF72,

(1) 7SR VO FEEEE— Mo s VHRIBEKR T —F &2 558121, triple span

model BILEE %5,

(2) 7 7 VESRM DM & LTI O Twa5E, KEREDD &L TOEE)

DOFEIEICE, triple bay model DFERAFE F L\,

SEXM

[1] Smith, C.S.: "Compressive Strength of Welded Steel Ship Grillage,” Trans. RINA,

Vol.117 (1975), pp.325-359.
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q49-0l-uf o2

4—14 KBZEEINZERY 2 Vv OBKIEEEE

OFR 2H Mk EB RE8 ki
ER FN = F4£B BX B

1. #&

E, HRADRRMCENLDDOH0. AERHFLVWEMELEELTNS, TOVED
DR E U THEEMARE SN TVS, £2. £< OEOTELIE> TREZEOEE
PHEML ., BLOMTERLETTIIT TIIEANAZBDTETWS, 20D, BRBED
E S bBEEMAEEIh TV S,

7 C THERMOEEEEIREO PR & L TP EM ERIET B Z EAERINTY
%, RSN, B ECERINABEYICHAT, AL BB KEREORELRICS
B ENIEBIERRFRBIMTND, Z0kD, BEEENED bEEREHRNSNEL X
NTNn3,

B TIIARE S TV B SR E LT, BRESNTWSEKEEES —)VEBTI1— K TDASOR
ERWERIERTD L OBKESESREF . BAICL3ZEB I TDASOR) OZYuHE
B5SMIZ L 1), &2 TEMFE T 2 FRICHEBEET ZER o VI DV THEKEHERE
EREL T, KPERD 2 VOBRBBEEHONITHIEEBMELTWS, £/ [DASOR]
ROV B ERSEE ERERE BB L. TDASOR) ORMSHEEHSIIL TS,

DASOR) B&UVERENE

APIETE, EBFR. TDASOR) ICX 2B ERR. HERMEMED SEROEZLRL.
EBRHEROEHEME. [DASOR) ORLMEEMIAL 2. LITIC TDASOR) B RUERAFTE
ERY.

2.1. TDASOR) ¥{#Eit®gI—F

[DASORJ 1 Donnell-Mushtari-Vlasov O =)V 2] KEDEEZE SRR Lz, [k
2 1 )V DEEEHT 3 — R OB ("Dynamic Analysis of Shell of Revolution”) T&% %. (DASOR |
TI. EXFREA RS T FEM 2B\ T, BB OFKEICIE BEM 2BV TEI £ -
TWw5 [3, ' .

2.2. EHHHOENE

B Hi 2 DEVBAERIC DOV T ORMTAZIX. Rayleigh CEDEUTOXTEASNTND
[4]e

Xi (ENC C o
ff:zﬂé(,?) 23,4, ... \ (1)

MR FETEER




Z T,

fi © natural frequency in hertz R : radius to the nudsurface of the shell
E : modulus of elasticity p : density of the shell material
7 : number of circumferential waves t . thickness of the shell

THDH. Fiz (1) NFROERTILEREUST A-F AL, kKR TEIh 5,

R G 1% ( ! )291(1'.@0) 7 o
31+ vy \R/ gali. o) 2
v . Poisson’s ratio ¢ : angle measured from the pole
2i-2 N 28 O\ 2i42
L 1 (ta‘n %) 2(tan %> i (tan %0> i+
1, O, = - - i '
il o) S i—1 + i + i+ 1

; SN\ 20
@o 7
gali-io) = [ <mn§) [(i + cos 6)? + 2(sin &)°] sin ¢ds
4]

HFEDBE, 0 =7/2THD, (1) REANTERIBII 2EREZ L OHEETO>TVS,

3. RBREE

3.1. HE&

['able 1 Specification of Test piece

Height of the shell 11 0.1(m)
Radius of the shell R 0.1{m)
Thickness of the shell t 0.002(m)
Thickness of flange Hy 0.030(m)
Radius of flange Ry 0.130(m)
Maternial Acryl
Modulus of elasticity 3.92 x 10°(N/m?)
Density of the shell material | 0.13 x 10*(kg/m?)

Fig.1, Table 1 IZERICHER L B EB LD
HILERY, AR TIIEHEBHAERICT 0Ok
LoRBAEL, BEBAERICT 7 > OfoRBEo 2 BEL8EL =, 2BREOARKIIBN
THER 2N OFE>DETIIRLCTH 5.
3.2. HES

FICRBAEORIE S % Fig2 I0RT. ERIIIMRECT 287 MRS L UOFENREE
Ay, BRBOBIEIZZ7 7 &L ORBEEZ, EEEEROBEICIIT 5 2P~ ORERKE

AWz, BIEROIEELE Yy 77 v 7 OBEERD T B Fig.2 D (1.c) THD. sdBEIE
FEAARE-R 24 RE—R ITHRBT 2 E2EELTHARMIC/8 T&IT16 57El. £z

Fig.1 Test model
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P(x,y)=(1,C)

THEEARIT I EZEIZeEIL. #
NENOTEEA /87 M IEETIR
INRICK BITES, FEMEETIZH
EHOMEEE Y 77 v T E#RO T3
mELE,

BOTTOM

B3 14 45 16 1 2

Fig.2 Measurement points of test piece

4., FEFBIK - THSBBRDE—F NS A—FRIE

FTTIVBLOBRBEERSPVAR DO LICRBL TERETo /2. EREBOR
X% Fig.3 ITRS, ZOEBITIIMREE LT N7 MdRZEEAWE., BERBROE
Bk R % Figd ITRTS =1 B.C.Free

® Exp.
+ ---83---- cal.(DASOR})
— A —- Eq.(1)[4]

Inmpulse force hammar

Shell

Accelerometer

Sponge Rubber

Natural frequency(Hz)

number of circumferential waves(i)

Fig.4 Comparison of experimental results,

calculation by DASOR and Eq.(1)

Fig.3 Equipment for experiment Fig.4 Tj R TFHFEAFROEREHE—R ORK.
(B.C Free) HISHBARIOERE TR ORKTHD., 21
Z3 Fig.5,Fig.6 IR T X IRIREIRZEL T

(b) j=2
Fig.5 Meridian modal pattern
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Fig.6 Circumferential modal pattern

Fig4 IZBWT IDASOR ) |, TR, ERERDVIEEICRS KL TWAR I LS, HEER

BT TDASOR) OZUMMNHERTE S, RIZ Fig.7 3EBRTHAIEINS j=1, =3 DE—K
BRZERLTHD, (a) BWHE, (b) P FEE. (c) WRERTH S, Figl.(b) 25> /I8
I=3DE—RBIRTHDIAWICIREL TWE I ENERTE S,

(c) Profile
Fig.7 Mode shape (j=1, i=3)
5. FEI‘K - THREBEEDE-FI N A-FHTE
RIZT 5 DR BEREERICEE L TREK - KEBEROE—F NN A-F Z2HEL
7. EREBOBIKNZ g8 1R Y, ZORIETEMREES UTEEMREZERALEZ, Ih

WA >R M IRETIE, ARDONRT —ZARZ BN Fig) IKRENDELDIZR->THED. F
BENDEHEREE (1000Hz~) TOREIZFHETERNRASTH D, JIUIFIKS = VIIH
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RICEWERRERE B> TWBHR, FEMELTRWET 7 UJNIEEREIVNEL, N>
Ay R EOEMEBEHZ NI TBIENTET, LEOMENT —ZARI M IHESN
BWINSTHD, Figlo IKEEMRERANVEHEDODANDO/NT —ART M IVERT. Figl0 T
AT DINT —Z X7 B LA 1000~3000Hz iIZHHELTHD ., BNEHRTOREZHET S
ZEMFRETH D,

Fig 11 IZFEK - EEEERMOEBRER (Exp) BLU TDASOR] BEstERERERT. Figll
T, i=1 OFFICERMEGTEMTIE 100Hz BOENEL TS, ZHidi=1 OEHE—RIZ
Fig6(b) IZRENDHKRE L TWAHN, I L TEEIRZE TIE Fig8 IRENDEIIC
AE=ABEFERMNTBY., FEEHHHE—F (i=1) BRI NI WO TERBHREN/NE
20, MEMENEEDZENRREEIONS, |,

Accelerometer Shell

Accelerometer

Speaker

Gain{X10]
[4)]

SRR

1000 2000 3000
\_ Block

Signal out Frequency(Hz)

Fig.9 Power spectrum of inpulse force
j=1 B.C.Clamped -

Fig.8 Equipment for experiment

(B.C Clamped) * B

[ ---83---- cal.(DASOR)

—_
N
I
=
=
9]
c
(<8
3
o
ég
©
=
<
=z

2000 ' 4000 number of circumferential waves(i)
Frequency(Hz) Fig.11 Comparison of experimental
Fig.10 Power spectrum of sound force results and calculation by DASOR

6. 1BIK - THHEEDE—FINNTA—-FHE

Bk EREEROERIIER IV EZ2ERICETEL . KEOKMEELITTHELE.
EREBOEBKZ Fig. 12 1273, BB A7 MMREEA W, ERBREB LT
[DASORJ BfEFHERZR% Fig.13(a)~(c) IR T, (a)~(c) RZNTNi=1,2,3 DEEDOAKALEE
BREETH D, 1238 (b).(c) DEIZHBWTKALA 0.01m~0.07m DFEDOREREIX. REHIFHE
BINESBIENTERM 7. Fig.13 D (a),(b),(c) ETORIZBWTEARBHEIIAMOE
MZEBROTTNBEMITH D, BIZKMPERS 2 I)VOTERALD D TICH HEOELNE
L, KUNESLEFAUBICES T3 ETIREFRHKIL 3% ~%ITET L. FHNLL LK
ML THEEESROETIIOTATH S, IS OEMITFETROZABES LD
fHmERES<ER-> TS,




j=1 B.C.Clamped
—_— [‘ [ Exp.
Accelerometer {_S_h_e_l_L B § 1500. ;c? Height of the shell -~-B---- cal.(DASOR)
: [
< |
Impulse f/o-z& g 1000:‘:?. i
hammar = | ‘3‘1‘. i
g 5|
2 %*
- e g . .. )
Fig.12 Equipment for 5005 ] 0.2 ‘ 0.4 '
o] experiment Waterdepth(m)
S (B.C Clamped) (a) i=1
_ j=1 B.C.Clamped
7. ¥E 4 . oo
AR TR EES NERS N T ook Hesmomesar o
LT, RBRBIUHBAIEI—F TDASORI &2 & [ |
AW ZTn, RTokdaigmzeft. % ! !
(1), KEERS VI IERHRICED. K 2 b
GLOMEME & BICEFRGEMETL, £OE g 1000k 8 i
T E—R XENEDo THRAKETH . (2). I A BT SRR S
KREZLOEMIZEBRH> TEHEREHRNETT '
BAVKAIAEER S TV DTEAL LT D & IEIE 0 T oz o4
—EEERD, FOEIEZFOBEDBLE Waterdepth(m)
0% ~0%TH 5, (3). TDASORJ 1B E (b)i=2
BiEL—BL., ZOZ&M5 IDASOR] O j=1 B.C.Clamped
UHENERTE B, v ¢ o
—_ 3 ---83---- cal.(DASOR)
* %zxm *® i : Height of the sheil
& 2000(} ,
(1] BEME, 2@EEE. FIK=. LYREE: 3 7
Az BES N AR T QKRS ER, £ .
FEER GRS 92 8§ (ER 3 & 8 A).pp.235- S : ﬁ!m |
247 2 1000 i e -l ! SR - =
[2]Brush.D.O. and Almroth.B.O:"BUCKLING ' . L .
OF BARS,PLATES AND SHELLS” McGraw- 0 0.2 0.4
Hill.(1975),pp.190-197 Waterdepth(m)
(3] REEM., BN, EEA T EPREE c) =3

Fig.13 Comparison of experimental

ks I UENOBRRE CB—%), AAE results and caliculation by DASOR

R ERRIESE 175 5, 6 F 6 A),pp.325

-336. (B3R, BAEMFRRUEE 1765 (EL6 4 12 A) ,pp.367-373.
[4]Blevins,R.D:"FORMULAS FOR NATURAL FREQUENCY AND MODE SHAPE",
Robert E.Krieger Pub .,pp.330-331.
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Qﬂﬂ/obw$o3

4—22 FPSO DELEHFFDO O OFHHIRDOFEIZOWVT

EE &E BE+ OEER NH O M
EE HI FHE

*

FEETERBECBOTEBESRORE, BEHRBORANEORENEALIITDATVS, TOB, K
WG, BRELRVEBRIZBWTHLEETE S 27 4L LT FPSO ( Floating Production Storage
and Offloading ) % PTS ( Production and Testing Ship ) 4355, I b DOEERICIE, BFERLD
AETICBVT, ZOMBEZESD LN —EQOHANCERBET LI LRERINS,

EHEOILA, BUBEETAY LELEINSFETERTIRCAVWLNS B/ S— P OE S GF
Bz ONT, BERIC L > THIENSOISELRRET S Z L 3FEER ILQ (Inverse Linear Quadratic)
=R 2 @A L THERORET 21To72{2, 2L T, EORHFANTA—F THIREROELDE
ARBERCEZAEBIIOVTRIET o/, ZORBE, AROKESIUSCTHERS &S LB
kY, FECHEMAIIEWTERRFETDI ZLEBTRTHDI I Lhghats,

> TEBFETIE, TORZEM A —IH L THEHTH-
- HIEROBREIED, FPSO HEDIEEMNEARRELITI R
ZHEATE AhREEIT I i, ILQ HIEERZERL
THIFEZR DR ZITY, RENRTA—F THOIREENER
FREMHRIIEX AEBC OV TREZT- .

2. MOEFHAERX

Fig.1 IR TEERICBWT, BmssELE: LTEARALT
WOIBEDOHMOERRF.EZXD, MOELEDLY OEHF
BRERAXDOL S RT, %

Fig.1 Coordinate systems

(m + mg} i — (m+ my) vr — (mg —my) Vorsin(y — o)
(m+my) 0+ (m+ mg)ur — (my — my) Vor cos(y — o)
(Izz + izz) 7

w, 0,7 1 MROFEED r,y BAMEIBLCELEDLY OEEAEE
v RROBEIEEA
m,mg,my : MOEEB LT o,y BHROMMEE
L. i, @ BROBELEDYOEME—A L FBIOEMEEE—X
X, Y,N : RZERATIH4ND g,y BFMASEBLVELEDYDE— A b
ToyTys T ¢ RO z,y BFROHENB I VELED Y ORIEAE—A B

Eoiz, ERBEEERERICETIROMNE zo,y0, ¥ 3B L THE u,v,r OREHIIZKROBEENIEK D 322,

M REIFER
MR ERFBRIEMER




Il

Yo vcost) + usiny
b=

Lo = wucosty —wvsiny
} (2)

3. ILQEEEHE

EARFEHHEZT O BICIZSEN SR BEEADICBRES T AHHET I Z L L2570, ®MELTAHY
AT LIROREFBEATRINS,
r = Az+ Bu

y = Caz }, Anxn), Bmxm), C(mxn) (3)

TIT, RESY MLz BIOBIEASARZ b uw BERAO L S IZRT,
= (U, v, 7, Zo, Y0, d))T }

X
u = (T:E, Ty Tz)T
Yy = (mﬁy Yo, TI))T

(4)

L, HART by OBEJERZ rAZ r L L, t — oo OFOEFREICBITIRERY FALE 2o,
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ETARFETH D, 175 V IZOVWTHE, RRFETIIHEODEMTHERES O LTS, Fk,
1750 F lZ 20T, &EIEENRDERIEEIL 2D L) RBEBIZL >~ TREIND, REH/ T A—
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BRMICEIET (— F3w 7 54 ATH Ko 1, KDL S 255,
A B
c 0
(16) 5 L T (18) Rk 0 18 HAIATHI Ko, 5§ % BV TRIEHME u KA TEEN S,

Ko=[KY% KY=[F I, r:{
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Fig.4 Time histories and trajectory of the ship in condition 1
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Inverse LMI Control Design Method and its Application to Position Keeping System

by Ikuo YAMAMOTO, Member Toshikazu HAYASHI

Summary

In the paper, a new control design method based on the inverse LMI algorithm is
proposed and applied to a position keeping system of a floating vehicle. The method
can cope with the nonlinear and robust control problem, and get the control output
determined by the control constraint command easily.

1.EFZANE

TEHERKHEICAESNBONAMIBHORREICLD, HHNSROLEHEOU NI MELZEREL
1 E RO ERL NUADISEN T b o TES, T BRI AT EESDOLMI(Linear
Matrix Inequality) I RZFEOERMFEICLY., FEROHERKREBLYELIERFAE TN
AMHME R R AHIENEDRBEERBR 2SN TV 511,021,031

LALads INOu S AMIHBERICE SIH AR IR BHOBBHLRETEHEORES
D70 HIHE REEE TRV —ROFFETHERLIZLEWISWED DB, HI#RZEHL.
HIHAFE 52 CTERB TERBLZTNETLOT BRE T A DRELEBRLERIIETEHICE
TP ETRIE RSV,

FEFZEIE LRBT B LMIFIHE R EHEL S EOB S0 LRI R TAI LI LD FER R
BOONAMIH R I HIHBEL SR AL TR REERARFT T NIV XLDREE T2, ZIT,
LMIFEIZB N THERDPLORETH ATy IR BT A L L TE AT LN TELFEFHR
THOTHIEL . T K EYBEEEBEYONBREHMMEICHEAL FHEEHI D,

RXTRE 2ETHH TV ZLOBRBIZOWTHRNEIETE 2 Z0FHH7VITI a2 A
TR EREY ORI RRIELHB TS5, F4ETREEFEBEYOMBREFHHMEC
BRELEBOYVI2L—2alERERT, F5ETIIRBLOELDE RS,

2. B RERET R
2.1 FRETEME

ARFETIZFIH N R OBEAR (RTy7IEE) * LMIRRTET L), I EOER L2 LMI
BELLTERILT %, Fig. WIARMRICIVRARELFETO—2R T, £/ Fig 2RO IANS
NABRE7O—% LBOIDRT,

BEREEEY O BERFSNEHREZIS CL EEAEELT . FREBEETVEECHE LTI
I MI—FREHEFL VIl =2 a il LARIHBRLOEA R LHIH R ER ST 5, FLSEIHIHE
BERMEEL , T4 TRIT LB 4 IO POEEET 2 RVE T ORI THRICLDEBENEL SV RIFED
FETIENT A ESHFEFAL I EREGTANL GLEOEELE RUVHFFHBEERER LG THZ.
AN &GEELMIBEEL TERMAL E— 2V HEETFVIVER $HLPV (Linear Parameter Varying)
EFNVAERVTLMIEFHEC TGRSR HE T Ao -5 EH T4, AFEIZEDII2L—FIZ&
A ba—FHlBEEORIEIIHOPUDBEEHLREL FNEHBE TABEL RO LD RITHES
B TEABEDUNAMHIE RE TS ELIENTES,
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Weight deviation of
floating vehicle

Vehicle specification input ¥

Envirc | condition input Velocity deviation of
Parameter deviation range input Current

Reference response input Vehicle dynamic ¥

l mode] Vehicle dynamic| | Vehicle specification

Formalization of input condition i model input
as inverse LMI problem LPV modelling ]
; Controller design

Derivation of controller
by LMI design method Control performance
¢ Verification

Control performance

Verification
xS
Result of verification © - NG
Result of verification

N K Many repetition
I Completion of controller I I Completion of controller I (by trial and error,

Fig. 1 New control design method Fig.2 Conventional method

RICEREHERM B~ 5,
22 F 7 LT X 4
221 LM I #I#&H

() VAT LADER

Fig. 3DV AT L% EZ b, GOIE—ILTS U b, Ke)idarra—5Thb, Wi, RKEE
x, NEE w, BIASE o FIHESL 2, BHEL vy, BEINT A5 2 pb TH LGP VAT A
WDOREFBRNTELED LT 5,

G(s)

K(s)

Fig.3 System description

x = A(p)x+Bi(p)w+Ba(p)u
z = Ci(p)x+Diy(p)w+Dn(p)u
y = Cip)x+Da(p)w+Dxn(p)u

o S IC2() ERPLy() ERZwW() ER™,u(t) ER™x()ER"E LI Z M % MEEAL L.
A() | Bi(p) Bap) A B
G(s) = | Ci(p) | Du(p) Dulp) | = {c((g)) Dg;]
1Ca(p) | Dai(p) Daaip)

EERT D, VAFAMICK L TIRE Z4—Fw7K(s)=—YX'=—F2 L = HE0NV— THRid,

(2)

. [Acl(p) Bcl(p)]
o Ccl(p) Dcl(p)

Aa(p) = A(p)—BaAp)F, Ba(p) = Bi(p).Ca(p) = Ci(p) ~Di(p)F,De(p) = Du(p) (4)

(3

b, TITKRKDBLEAY P O—TFKEWIBLEEN T A - DHADETNETERE,LIET
NI AR EBET I P —F it iER S v,
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(2) Ho / WV A B 514

FETIIAP) > AD L Y ICEEINT A — S pOREEEMT 5o Ho/ NV AFIHEMHIZAZEE
ETBHE. i Pc\"uo<7 5)
Thhb, FIAMILHDedlTEELT,

Ccl Dcl 0 (6)

EEMTHE, L/ WARHEFIILTOLEGES L,
R= yA—DuD} > 0TRiccati FRATNDEEMNHFHEX VFEET 5,
AdX+XAL + (XCL+BaDHR! (XCh+BaD)" +BaBL+e1=0
- T (DidRiccatinERX R)TEDLT I LN TE B,
AqX+XAT + (XCh+BaDHR! (XCH+BaDH)T+B4BL<0
(8)F:1ZSchur complement* EH T 5 &,

AaX+XAT + BBYL XCL+BuD}
CaX+DuBlL DuDL— 72

” Peie ”00<‘)’;Pclc: = l:

Adg | Ba CI]

<
BICEHT AR E LB,

CuaX —+I Da | <0
By DI —vI
@FZAORIZAA LY=FX& 5iTI1E, Ho/ L AHIE &M
AX+XAT+BY—Y'B] XCI-Y'DL B
C,X—DhLY —vlI Dy | <0 (an
BT Dl —y1
X>0 (12)
¥ > 10° (13)
EB B, ERELMIZHZEIE X = X" Y. yDILTyER/NMNITHELDEFRD B IR S,
(3) 4 v 7V ARSI
Uy Wil L

{ AdX+XAT XCL B

V(1) = xTX'x (14)

EEET D, 1OREWMITTH L.

V= IX'x+xTX % (15)
AN Iy 1N

X = Aax,x(0) = By (16)

y = Cax a7n
DEHIEETHEND,

V= xT(ALX'+ X+ Ag)x (18)
Eeho UTTITDEBRI DADRETHB1-DITIIV 0L B BLEND L, LT,
FHEHR (D

ATX T+ XTA< —2a X! (19)
Bk,

V< —2ax™X'x=—2aV (20)
El B, AL e() >0 HVWTRORZERILT S &

V =—2aV—e(l) @1
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Eb, IDEEV < —2a VORI, V= V(02 TH 5D TRNRDEL, V= at)e? £k,
V = at)e?e —2qa(t)e"'= e ?"—24V (22)
E B 20),2DI L D, atett=—e() & 7 D Z DRI,

a= — j; e2et=e(y)dy +CONST (23)
& 7% %, CONST=a(0)=V({0)=xT(0)X x(0)=BIX'Bu7i/ 5.
a(y= — f ; e**te(y)dy +BLX'Ba (24)
eHRIZV=a@e? " ZRAT B &
V()= BILX'B.?* — f: e? &7 e(y)dy (25)
QS\RADE 2 HCOTH B D5,
V() =xTX"'x<BLX'Bge2*t 26)
Eh, EZAT, vI=XTCTCxTHED 6,
ik aE LGSR ()
cre<L<x! 27N
k ‘T Z) k Y
y2<XTX I x < BLX ' Beje 2ot (28)
kb, 2HIT,
Bl &K 3)
BI|X'1BC1< p2 (29)
E$5E,
yZ < BI|X"B:]B'2“ < pze-zan (30)
fyl < pet (31)

L AV N AR EANS B AV 7OV AISE y= Cae® BaA BN RE M8l &4
t£.Schur complement Z& % FVERTLLE T OLIIER5,

AX+XAT+B,Y+Y™BY < —2qX (32)
1 C1X+D,2Y}
[ XCT+Y™DL X >0 33)
[PZ ’)ﬂ > 0 34)
B, ‘ (35)

222 AT v TILELEBE~DILE
REET ,ROIANBHORHBNEEEZ 5,

X = Ax+Bau (36)

y= Cax 37
4. BEMERZrETAHEETTEDRE i,

e = r—Cx (38)
Eh b, Tl ATIWWEEALEBEBE 2 ROEIIHIIIERT S,

r= fvdt 39)
@R EMATT AL,

e=v—Caxk (40)
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(36) REBST 5 &
%= Ax +Bau (41)
REER B2 kel & T2 L ROILAZASEAIND,

dlx] [ A 0w ][x B2l . . [ Owxs
ale] =l e Bl [ ) @
y = [Oixn 1][2] (43)
ZOWRRIE L TCAT AV ISV ARARNTHIT e DBEATy T AT E L OB D eld A V7SV ARE
ERBDTIDYATAILTA YV ARBEFIFHEHEOS LALLM 2BITIZE0RIEIATy 7

BEErE AN, BH2Cxb Lt E0RFy TIRE2HEET L, T7Ho/ L AEIHICHT TS
EFIUI0L.

d| x A Onx X By . B
ale)= LS E] (8o (0] @
y=1[c o] }] (45
L EORIE, ) v FFERERGT,
a=—FH}=—Rxmﬂ§] (46)
b, W) ROMAUZHELT LT,

o= f adt 47
= —Kux—K. f edt (48)

Eeh, AGHRBET VT XA GHEBLHHEOREZRNETLETVMITHLTA V7SV A
EEHHES RS8BT ARER L, Ho/ VARBHICH T 58T ARER»S 2 5 LETF
TFHREREZB I LN 2 o0HBAHE W TR E RO 5, R TIZ Z OB OMIZHRE
BHIG 51D FERICS 2 BHAETIIERET 5,

3. BEFEEEYHEA~OBEH
3.1 B oA E TV _
A CIIFET R E L TBERERBEYEZBEL. MERFFHEHISEAT 5. FHROEHARE
NITEER%Fig. 4L TA LUTORIZTEINS[6],
(m-+mga— (m+myvr — (my—m)Ucr sin( Be— ¢) = Xu+Xr+Xr 49
(m+my)v + (m+mur + (my—my)Ucr cos(Be— ¢) = YutYr+Yr (50)
(It = Ny+Nr+Nr ¢y
FHROE=
B HEOFMEE (B ZHB§ 5 5 5)
yEI A O ME =
FRELEFDDOEREE-22 b
FHEELED) OFIMEHEE- AT
YR E EEAERICB T B ER O <8 F RS
MR EERERRIZB T 5 FEE O y# H Ak S
[E15H A R
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U. T BImEE
Be T #EmoAE

4

Xu, Yo, Nu | BHEVZUT B8, #h, =—22 1
Xr, Yr, Nt | RAZRAFICELDEETLHEND, #h, E—X2F
Xr, Ye, Np © &, EICLBH(18S, &, £—22 ¢

IT BRI ARED L 0 v, r OB E LTRET 5, BOBMEORARLHV, EER
BROBEEILTORNCTERTE %,

Xu = Cx%pLde (52)
Yu = CypLdV? (53)
Nu = Cn3 pLdV? (54)
Ve = yul+v¢ (55)
uc = u+tUccos(Be— ¢) (56)
ve = v+Uesin(Bc— ¢) 7

Cx,Cv,Cn . #IIBRE

P D KOEE

L T BEORERRS

d T OBEK

CIT, REMBIITH0ICFEFOBREABRE L, T—AVMIZBELRZVWIDOET S L,
WREEEERO I OHE» SBET A I LA TE, DHPEDOHF ZHEEEERO KL
—¥ &€ 5L, Fig a0BEERIIFigsL2Y ., BhoZETHHFENIILTORTEEINS,

(m+mHn = Xu+Xr+Xr (58)
(m + my)\'/ = Yy +YT+ Yr (59)
X
A U X
ﬁc A Ue
Bc
X
u
¢ (D
-~
y >Y >y
X—Y Earth fixed coordinate system
x—y Body fixed coordinate system
Fig. 4 Coordinate system of Fig.5 Coordinate system of
general floating structure disk floating structure
— 1 2 . 2
Xu = Cx7y pLd{(u+U.cos f)*+(v+Ucsin )} (60)
— 1 2 . 2
Yu = Cy7pLd{(u+Uccos 5’ +(v+Uesin 8’} (61)
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32LPVEFNV
ERIEMBKROZD, m=my=m. & B &, K©60), 6HEER L, BET 5 LXK (58), SHTLLT
DITEREIND,
(m+ma)i = Cx pLa{(ut2Uccos fou+(v+2Uesin fov+UZH+Xr+ Xe (62)

(m+ma)v = Cy pLd{(u+2Uc cos But(v+2Uesin fov + UZ}+Yr+Ye (63)
it H S RMOEMLEAL, Cx, Crld—EEBE, EBNT X =5 & LTa bEUTFOLH I
BLL, - ut2UccosBe (64)

m-+m,

b = v+2U, sin 3. - (65)

m-+m,
LPVEFNVELTORBRKEAEKXTEINS,

CxlpLda CxipLdb 0 0 Cx3 pLdUZ+ X X7

Cviplda Cylplddb 0 0O + 1 CylpLdUi+ Y 1 Yr

0 0 0 m-+m, 0 m+m,} O
o .

1 0 0 0
TEICEFNT A—F L LTHEZ 5D,
u, Vv, UC, [9(:9 m
Thh, YIalb—YaYBINELE L THR 30,
U, ﬁc, Xe, Yr, m

(66)
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X1 YT
Th b,

3337 bu— F#EE
oY a5 OB x, yHIZNFRIZOVTHEERL, 32— a VERIEARDYET
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2 (67), (68) TNFNIZOWT AT v TINEHIIT T VI (42), (43), He / v LT T IV (44),
(46) FER L. Y LMIELTHYL LD D,
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12T,
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Fig.6 Data flow chart
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FIHRF BIUYI2L—2ar TRV BED/ 5 -7 —E% Table 1123, 2 & TEIm AKX
EROHFE () H35°E L TRHEL T 5,

Table 1| Vehicle parameter

Item Variable | Numerical value
Length floating structure L 20.0 m

Draft d 2.0 m

Mass of floating structure m 150.0 ton-sec¥m
Additional mass in X,Y axis direction My 10.0 ton-sec’m
Current force coefficient in X axis direction Cx -122.87
Current force coefficient in Y axis direction Cy -86.04

B RERF IR RO 7R T A YD EEIET Table 213773,
Table 2 Vehicle parameter

Item Maximum | Minimum Unit
Velocity of floating structure (X axis) 2.0 0.0 nm/sec
Velocity of floating structure (Y axis) 2.0 0.0 m/sec
Mass of floating structure 150.0 100.0 ton-sec¥m
Current velocity 1.0 0.0 m/sec
Current direction 40.0 30.0 deg

HAHHAERI T DS RRETEHIREL IR BF R M4E Fig. 91R T,

Step respontse constraint range

s i .

Time (sec)
(a) Response constraint condition (b) Pole arrangement constraint condition

Fig.9 Constraint of control system
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RS AT v 7IRONFLUIZH L., FERELZ L TCHNEBRETETED, ABEICHTALERR
HEEEHET A EMHERATE L,

Xaxis ------ y axis
" ™ Step response constraint range™ T

10 T T T T T T T T T 10

position

control

y {m]

force
[=]

reference
(=]
i

5 5§
x [m) time [sec]
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Fig. 10 Simulation result (Reference response)
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Fig. 11 Simulation result (Disturbance response)
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Research on linear driving of wave maker

by Ikuo YAMAMOTO,Member Shinichi TANIGUCHI, Member
Ben T NOHARA

Summary

The paper describes an application research of a linear driving motor for a wave
maker. The linear driving device for a wave maker is designed and developed. And, the

performance test is conducted. As a result, its effectiveness is confirmed.

1. ¥ 8

BB P KPEEYOKERRIIBOTIE, BREREAEALDOTIERTHIEEZE
CThDIIEREENLETHS, BEREICLEOPOEENH LN, TORRMHIT
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Metal fittings ) )
for motor Linear slider

Fig.1 Wave generator with rotating motor

Linear-motor \\/

Linear slider

Fig.2 Wave generator with linear motor
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AMETIE, V=T E—X DR RUTORESERR, EIIRTEREE2E
BROBEEEBLZ, JhiZEY, FERDEREE T U TORESL., BEmRL
MNEBRTES,

BV =T E—I2EHATLIHREFEORGHE —AREREEDAIER L UET I & %
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Fig.3 Configuration of linear motor

3. V=T E— 2R

3.1. R#EHEE
Figd IZRTEY, RY=TE—XIEITRAIZ THIZ 6 BUEEIZHENR, ZOLEIZEF vy

7 0.5mm TR EEE T, BIZO0— R eI —Kkfll2zoo—Rel &
BfXed, TOREISL, B4 llO—REVQIANEAE2MXTHEREERA DD
BOHRNRUCBRERAIOBRDOEE E ZTNTNHIET 3.

ERMEBRIITEHDE) TH B,
- R H HIEF(100A) DRFF, H#E 1 (1400N)
- B R H 1B (200A) D, HE S1(2800N)

Current demand
Load-cell

Secondary part

First part

Fig.4 Test devices for restricted thrust
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RABERY Table LI2F DB,

Table 1 Test result of result of restricted force

thrust command{%] thrust[N] currentA]
0 0 0
50 604 39
100 1437 78
150 2368 117
200 3169 153

ARABHER LY. EHBIES 100%IZ3F LT, 1400[NJA LD 1437[N]|DHHE . B
BB S EF 100[A]JAAD T8[AIL BRI ZETH D, LEEE T THENES
N7,

3.2. MERR
AR I BREEG.OmM/S) ZH- L TVEH, ERIZEENETHEINE S MhDORHER
RBR 5475 7=, BORHE Gm/s)EEREIL. 0.21[sec] A FTHIUZER AR Y
D EBRLTOBI L ERD, OB E—X ANBHE TS, EEIEOERIT
Figs D& 5Tk o7,

6[m/s]

_6 ] |
0 0.5 1.0[s]

Fig.5 Speed test result
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3.3. IE LFHR
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*1 ClE, LRBEDETRT . L> T . SEIOFHMEEE . 40CL 35 L 140CETD  #i
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27T 0.5m/s TEEL 7,
Table 2 IZABERE2RT,

Table 2 Noise test result

thrust test[%] no operation - result[dB]

100 64

200 67

velocity test{m/s] 62[dB]

0.5 64

3.0 ' 75

6.0 86
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[1] Nohara,B.T., Yamamoto,l, and Matsuura,M.: Multidirectional Wave Maker and
its Real Time Wave Control System Applied to a Seakeeping Model
Basin,Proc.Wave Generation '95,Japan,(1995)
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AABEHENKSEMBERIINCE, #FEEH LNV SEERIcs L THERAR O
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QEHNEZEEL =, MERASERERARSOEDHIZDOVWTOREEZRITLZ.
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NK#BAIIZIE, V- v F 2 v )V E—EERERIC L 2N TRV F— I EREHNH
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Table 1 1278 U7z BRIV T R)LF—HEICHIET 2 0OCHREDRA L TOREMFERIEE)
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Table 1 Required V-Charpy absorbed
energy values in NK Rule

SRR

Automatically Weided Joint

Base Plate. (High-Heat-Input)

vE:Z%6$5+(R@-vnEﬁZ

Test Temp. vE Test Temp. vE
(’c) (kef - m) () (kef +'m)

HT36(TMCP) itk &4 — 35

2.8

1 2
vE = —— ; v 3.5

28

28 3.5

BRI R A BUAH T Fusion Line B

3.5 3.5

1 2
VE=—{70+(TvE- VTrE)} 35 35
770 3.5 3.5

JRE RS TR
IRERFE R¥ERE TEMFEH




HT36(TMCP)#i Rk K A BWAH##EF Fusion Line
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7z, TvE:V-J v F iy VE—EHERBRERICI RN F—~
BEEBHED, B2 ORI XIF—EIZHNT BBECC)

RIZ, VITEZS, S0% Mt E R ERREGTS) EREL <RBDHBDEREL T, LRI
HURBIFERIZK-> T, VITENS 0C TOREEIHEE Ke.oo) ZHEE L 72,
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NK#EHA1 I L 2 REARKROERAR 2% Fig. 1 IR, Fig. 1RO EBOR AL
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Table 2 Stress conditions in NK Rule

Grade
Stress
Level Steel Plate Thickness {(mm) Str?s;,_% (+kgfé rr;mz)
0 L 110 ! 210 1 :::0 ) ?O ! 50 Steel Stress Level o R
Welded Joint
\ MS A E Base Plate Py
HT36 AH 7 vy Y3
] MS A [ B D Ii 240 168
HT36 AH DH MS " 26.4 18.2
0 " Ms A l B D E v 2838 216
HT36 AH DH EH v 28.8 21.6
v MS A B ] D £ | 247 138
I
HT36 AH oH | EH I 347 239
Ve 5 = HT36 n 380 272
v e - ! = v 403 305
v 413 305
. . i NK
Fig.1l Required grades of hull steel plate in NK Rule Base Plate Weided Joint (FLL)
- — - —
- - o < EYSyres 1 - Jmmimmm - -— —
ZOEDIZLTHELROCTOHFREHRES %, -— - - -
FHRSEIZFEEA LT, Fig.2 BL U Fig.3IRT, or=0.5 0y or= 020w

728, Fig. 2 3B EAHROEHMPEMICHEEL TW

LHBETHD, BLEVEETH200~210mmEBEELL-> TS, —F, Fig.3id R ABR
EEMTFE Fusion Line ICEEL TWAEBEETHD, BPEWVWEESTOmmEEELZ->TW
B,
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Grade and Aflowable Crack Length (mm) Grade and Allowable Crack Length (mm)

Plate Thickness {(mm) Plate Thickness (mm)
0 10 2]0 3,0 40 50 20 30 40 50
L 1

L | 1 1 1 L L L L 1 L H
A g4 B gas A 27| B 4%
AH 440 AH 228
40 228
333 & 352 D 412! us| 8 D 33
AH 238 oH 306 DH 105

B
22| 575 E I E 135

AH 222 272| EH 345 86| EH 110

B | D

MS A 26| 573 321 E 345 Ms

HT36 an 207  DH 24e] 292 HT36, i
v MS D 341 E 345 v S €
HT36 DH 267] EH 202 HT36 79 EH

Fig.2 Allowable crack length (Base plate) Fig.3 Allowable crack length (Fusion line
at high-heat-input welded joint)
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PAAERE L7z(3], MRS ASR) &, TMCPRE Tuple 3 Minimum vIYE of actual data
BEAR = 36kegf/mm?$ks ik 11 #AR (AH - DH#R) O R 41 oo [ Tricwss | e
LR ABAEMTF Fusion Line KE¥ 5, 3~6F v — -
CHOV-) v F v I VE—BFERABEEOEERMME | 8=ePe T 20 e
(Table 3ZR)N 5, BIEEEREIC, FRARKSTOER Weiged Jont KA 25.4 67
WRICHRIG L7z, OC TOHBFRRBEE 2RO, 1B, — | e ] ==
ZDHFE, Table 3ITRLE, FNEFNORBIZHIELZVITEDR S Kea o ZHEE L,
WES3003 D#REZEI4], bt 6J/T 2EA L T, #EHRS TORFMRRICKHE L 7=0T
TOFBRBHEIZKRDT-,

HEEROEHENBMICETEL TWAEENFg4TH D, RABAEMF Fusion Line
ICHEELTWAHEMFigb Th o, 723, Figd - Fig.bild, %Ki Fig.2 - Fig.3ITRL
77, NKHRAIZL2ERENSHELZHFEFRBAEEIBRLTH S,

Grade and Allowable Crack Length (mm)

Stress .
Level | Steel : Plate Thickness (mm)
Grade and Allowable Crack Length (mm) ' e, P 2

Plate Thickness {mm)

1’0 O , 50

i i l

440
200

D

A
DH

AH

A . E

79
A F

AH EH

AH
256

242 MS D

207 Vv ’
HT36 AH el HT36 DH

MS A

Underlined : From NK Rule Underlined : From NK Rule

Fig.4 Allowable crack length ) Fig.5 Allowable crack length (Fusion line
(Base plate, A and AH) at high—heat-input welded joint, A and DH)
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A Study on the Change of Aspect Ratios of Small Surface Cracks Emanated from
a Toe of Corner Boxing

by Masahiro TOYOSADA , Member Kikuji YAMAGUCHI , Member
Kenjiro TAKEDA , Student Member Yasunari WATANABE , Student Member

Summary

Many failures of fatigue cracks from a boxing fillet weld toe have been experienced in
ship structures. Fatigue surface cracks emanate from plural points on fillet weld toe line and
coalesce each other until becoming a larger surface crack during crack propagation. The life
during plural surface cracks usually occupies the major portion of total fatigue life.

Therefore it is necessary to establish the estimation method of fatigue crack propagation
life before completion of crack coalescence. For the purpose of grasping the clue, we carried
out fatigue crack propagation tests with single edge notch and investigated the change of
aspect ratio of surface cracks emanated from notch root. We could not direct the search for
a new law about aspect ratio of each surface crack because the relation between crack depth
and aspect ratio for each surface crack has a very large scatter. Considering and expecting
that crack may propagate continuously in main direction under constant amplitude loading,
K value at the deepest point of the deepest crack among surface cracks was studied with
considering interference effect from near cracks. Then a supposed surface crack which exist
alone at the notch root and of which K value is the same as above K value is considered.
As a result, it becomes clear that the aspect ratio of the supposed crack changes linear with
respect to a crack depth during plural crack growth.

However it is expected that the aspect ratio may be affected by residual stress because
residual stress controls crack opening/closing behavior. In this paper, we carried out fatigue
crack propagation tests with gusset specimen built up welding and studied the change of
aspect ratio for the supposed crack at boxing fillet weld toe where large tensile residual
stress exist. As a result, there is a important law about the change of aspect ratio for the
supposed crack with respect to K value which may represent indirectly crack propagation
behavior for multiple surface cracks emanated from notch root with welding tensile residual
stress field.
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Table 1

Test condition

Water Depth

0.25m (Shallow)
3.10m (Deep)

Waves

Regular Wave

Long Crested Irregular Waves
Short Crested frregular Waves

Wave Direction

0, 45, 90 degrees

Table 2 Principal particulars of the model

VL15

VLFS

Scale Ratio

1/80

1/1

Length

15.0m

1200m

Breadth

3.0m

240m

Depth

56.0mm

4.5m

draft

12.5mm

1.0m

ElLongi.

334 kg'm®

1.09 x 10"
(7.86x10')

Water Depth

0.25m
3.1m

20m
248m

(Shallow)

( )Target

Table 3 Wave condition

A/L

Period
Tw(s)

Wave Height

Irregular Waves

0.04

0.05

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

3.00

Period

Irregular Waves

Mooring point
o

Coordinate system and experimental setup

/Aluminum Plate {t=0.8mm)

Fig.2 Cross section of the modei

¢ . Measuring Paint

Fig.3 Arrangement of pick-up for vertical displacement

Fig.4 Bird view distributions of vertical displacement

amplitudes
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