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Fig.2-1 General arrangement of present circulating water channel
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EHp #FHAKERNTR AL, BHRETEAEr2RBETE S B4R TEKT,

1
=E o gh cos B (3-4)

UEDG-3)A, B-9XZ G-DRIZRAT D L C-HX&RD,
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J (Eug + nuy + Eve + v, )=0 (3-31)
du du 8u dp 0
——+ —+ = +n, —= 3-3
ov ov dp
8_t+(§xu +EV + £ ) —— 7E +(nu + nv + nt)—n— (gy aE, +n, 5_r1) (3-33)
_ y
p=p+ E (3-34)
_ Y — ¥y . . _
y=y+ ———=b_} Y,¢ y on bottom y,,: ¥y on top (3-35)
Ytop ~ ¥b
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on _, _,on i
a—t'—V Uax (336)

)RR

RIZ2BDHERREERLTEET D,

[Case-1] FIHIKNIAY, ZHITEHR =y I VEL L, Ay=2m & L7=BE
[Case-2] MIHAKNMIZHITERT— y POEmI & L, Ay~0 & LT2HGE

BT EENZEEHRTFig 361277, EhEFE/ ANVER, ERE, ¥KEME, H
EREmICBIT DENZA % Fig. 3-TIT7Y, RBHER(EE 5 &) LORROID, FFEid
FIEROT y OB TIn/s & Lz, REREZ1LTD, BFOEMEIn THD, HFOD
At IR BEER, N VIR LEIE, o ld—KRHE COMBRBOMEETH S,

Case-1 ILOWT, EAIZEHEE TE T/ ANVANTOMEPIZFEITRI S LIZV EIZAS
EET (x=—dm) IEFECHRAR L 2D, LIZV b THE 2 50T (x=-1. 5m) TRAEDOE—7
20, 2FICEASHIT AVRET TRBIERICBWTL E T THE, —FED
EFAE LD BHIERLED T/, AVOHTHRERW = OARKEIRE Li=ERICR D
BEEE2RON, FEAERILIX ANVAOMERNOBERICRIZTEEZEIRD LN
20, TRRRIEMOEBRBOHSITICE L, EAICHOWTIE A28 BEL 72V ase]
BERZLZEHL, HARERCIBIIENDOERB-3)XNOREELZRIELTNDE, &
BIZ ER TR EEZETIHAREROEAPRIETEIBRERE LR TWS, B
BHEREICOWTEEK E ZHTEIENERELNA TS,

FRAEEBERAFREFEZRLTELONEEHREIZOWT, flERTy PTEIBPMEX
NABETT, 0%, PRTENIEIHIRDONRWY, X=3n LV EFTOLTRAER
ERTXAHBETRD LN, &L L THRIEREICSK L THIMAKES7ZTETICE
Fiy 7 b LIeREIZZR2>2TW5,

fhls., AEMSEZZE LRV Case-2 IZ2WT, EHSHDOLREIT Case-1 L EDL LT,
J RIVOIELTER CAIERA Case-1 L D bIERAERICHAB HEBARHLW L bd
D, TOREOCERXIEETRWVWEEZX D, HEIIEHEE 0 2oTW3, EREGE 4 Eo
Fig.4-5(a), R-condition) i¥ 1~2mn T, ZOEEEZ/NPNEL THDICHERORERE L
KEZRBELTHIFABEZML AN FETIREO X S RIEDERELEOLERZRB DR,
EIEZEIC— T, EEREBEOEFRAERNLEELNTEY . HEFHEOFERIIFES
FOBEEZERTLTVRY, LOLLENBIZERRLETH D,

3-4. AR HERE AW ER
AETHLIEAKRERII-RITOERT, BTV IT AT RFETHD, LOLFE
ERTY ITFT 4 T THONEH IR, WEASOERE, R ~OIEROFELE LTOFRME
REE 5.8 2 G-10)RK, -1 KD & 5 REME T HKAAEDOEAN R EE OB
FERTED(RED3-2.), FENFETOINIEHIE. BEORBELAELT N, Ll
WICEARAREEAERNLZED, LR TRHEOMY FIZ2ME X TAWVWSZ LANE
T, AFETIIULEDIR I FE2EER LTS,

FAKBRERBIILATIZOSEFOFET, MEHROERIIABIBOELTSHENE LT
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HbN T35 2, L LAEELZOSFIZBWT, AIESO B BREmOFEZHEIC
bl VB LR, S5MERROERZE A2 RWETZ LIXTER,
K TH S ABEFEROFEE LT REFRH In/s IZBWTHNLEMIZ 6n O BRI L,
BHFAOENMET lm SN, KEAIEOMHEIZ £ (0. 1~0.2)x10° THERD TH/NTH S (B 2
BED 2-6. TRIRELZRRD), ZOFEEIZOWNT, FA4ECBITHIERA., F6 EIRBITS
HEFITHLMNIT IR, BERERAEOEBHERROMEL NS LT 558 LFJIEFKD
FEZHROIBES L TIRIERARERD, SHICEBEBRREOEMEDEWET T, HHE
FmOEITEEEDCIERICL D & L6 (6 6 ETIEH) . BEIMEICET IHENICE
BT A%, ERAE THAKEAEOSARELEREICRS L#ERTED, 20X
BRSO TIIRE LR, RREOFZRMEZ [EIFEAE O B BRAE L, FEHREME
BHWHETH I, EREERKERMETH DI ETHREANTE, 20X 5 2EEHZ
BZETHZ LICHBEEEERSTERVEY,

ERHRR. UEER, EBEOERAZEELEG1)RIH L, kR VL F 7 v 2k
THRVWTHBEEREOEMNZRD BN EBATII LTIV KAAREZBIZ LB TE B,
TIZTE1OREERTINTA—F—2AVT, AFEOFEEZER~D L, OB, db/dx
B—ETRWEHE, Oh, b, A, SB—ETRWEES, @Y/ (1-Fo) BRKEWVEES, @ R
—ETRWEAICH LTHERLIINETE 3,

KEARIZEE T2 2E 0@ L LTER 1 =D 1-6. TEER) , FEMEARE D 5 hiREOH
EEELIET, GUORICLIHEFAZE 6 ETRT, HECSLERAMROREL LT,
FHHRBCERER, AEBREEDO LS REREBICHDDNEE 6 BT, BEEOBEED
FWEEDXSITRIZI VO EE 5 ETRETT 3. 728 Fn ZOE W EERO R %
&D. THEET D,

3-5. fEE
BIEMFIBOHEE D 5> bRFIOKAARICE R L BE, UToRmERE,

1) fESkeiE GRANR) 2 W/ RIBIC LY S EOAEOT —F 2 Lz, KESRL
HE ORERR EOEEANREE ZFARIHEICIIERATH D, TYAROERIFIKIZ
BWTEHHRER? LRIV R EOEENRIEEORFHICHED 2B TE 3,

2) L LA TIE, EEBREHR S HE. AEBRERY ANDSE. BBREIHEE
DEE. BEOBNFROE{LEEZERTIHE. BREERECEHA 2 EIHEREE L £
BLIZERPLET, ERETIIRSTE R,

NZFZCEHEORFRALERORICL 2HAKREBREZHEA L., EEHIK, MIERKR, B
BOERZEELEERX2EE KEAEOHEEREF Lz, BEIFAR DS CriM
EOERZZR SN LI, ZEBETERZFEIZLE, HEOERAEORER
Kreitner €7V RIS L, BYDRNWZ L 2REE LT,

D EERR L AERROERIZOWT, Fn #IZB$ 5 B%03 Fn®/ (1-Fn®) TRMICZ2Y |
BIEOIERIIEIBOMS TREATE, BAERRERTIRACERLE RS, B
WMOEZIKIX, AHOERICBWTEFBIZR D,

SYEBISANENFRICELLAZWEREL, ~=7OXTRETH &, KEIRDL
MEHo SHEELEMENBR(EGERLEAEHER) T—-BickEs, EEX
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Fn%/ (1-Fn?) OB THE/PNER Fndl TRIZKR) & LTERT 3,

O)VREEHDOEAELZER L CRET &, 2BOBERAEENREL, Bk, HIE, B0 3
FIRAIRN, KBUMMIEKIETERTE S Fn EBEL, EE¥Yo CHERAERYaiC
72579, Kreitner EF NV E bR LW EDFBEFERET D, LIRo THIEDES
RER & RRICKRAEICERTERWERAZRIET,

NREERIIERER L AFICEERRHERT, EGOAERAOHRETHIHELE
22T TR b0,

8) M, AEDERITEHETCEEDO RICHHFT IHEICH Y, KAAEOAEETIZK
ETERZERTIET D L ERICRVBROPRESICRD,

Q) ENETHEROFTNZHE L, / AVHOMEFIRETICBWTERES, i
HWEENI—EWKRD, / ANVOERITRIERICEELRIZERVWI L X0, BkEE
iR ORI SN D,

10) ZSEOHE Tt ABEOKEARIZRIETERR RN T, FERERSIHETER

W, ERTHAELRTRERB 20,

7 ! !
|
L
1 Fny : Fa<l - L@
Ab | : Fi>1l — f» @
s 1
[
L
|
x | effect due to bottom
A edge of wave \ "
suppressor plate \ =
Vo v i
he —_—
° 2 | & kind of paradox by neglecting
2 1 effect due to side pressure
1 ! It F<dl— £, ®
D:T<¢<Py<¢<l - 0
. Fny>1 — £ @
X dx--]
I I I
I o
— view from top B\_L/
to bottom—
e T -
p-h-ds-db/ds L. —
e D b
~—V%F — -
Fig.3-1 Coordinate and parameters Fig.3-2 Effect due to bottom and side form
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1.0 - =8x1000 1.0 [--911000
Case- 1 0.8 - Case- 2
0-8 ¥ Q9H : F (58

Yoax = 2.5 ws Vasx = 2 Ws

0.8

20

=

———— : copventiona] §ec Fn?

Fig.3-3(a) Free surface inclination

Case- 3
Fp (1996)
Veax = 6 N/S

asymptote line
K 1 Fo ,

-8x1000

————o.s—f-i‘o—l-t.s—-—z.o

A Vim/s) |

|
|
|
I
|
I
}
I f4 6
|

I

—— : present o Fn? /( 1- Fa?)

Fig.3-3(b) Free surface inclination

0.4
0.2
] 1 L) 1 L
0.2 0.3 0.4 0.5 0.2 0.3 0.4 6.5
| IS I — | S E— |
1.0 1.5 0.5 1.0 1.5
Via/s) ¥ in/a)
——— ¢ present Gec Fo* /(1- Fo*)
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Algoriss : MAC-Method (FTICS-Method)

1

|initial condition of cal.l

cal, of initial grid
cal. of wetric coef

right term of Poisson's formula

Iinitial velocity on boundggl

initial free surface

2

after accelerating /

on accelerating /

Ire-definition of velocitﬂ
velocity on bounda
cali, of free surface

re-definition of grid
cali. of metric coef.

Couran’s condition

I acceleration of inflow |

L}

Fig3-4 Algorism of calculation

Pressure & velocity on boundary

@ ligid boundary
p : O-interpolation

u,v : free-slip , O-interpolation

@ free surface

p : atomospheric pressure

p= po + y/Fnf
u,v ¢ O-interpolation
@ in-flow

p : Bernoulli's formula

at i=1 —

u,v : constant condition

at i=1,2 —

at i=1 —
@ out-flow
p : O-interpolation
at i=NX —

P1

=1 -(uin /D2

Uiy = Az /B, U

on flow quantity

Ui,z = UN

Vi

= 0

PHx = PNx-1

u,v : O-interpolation ,

constant condition

at i=NX-1,NX —
at i=NX nd

on flow quantity

Unx, Nx-1 = U

Vix

=0

-é—— ligid boundary7— free surface —a

normal line
q Po
A ('r Az
¢ 3 &Y
— — 5= NX-1 NX
U U
=1 2
i=1 linear inter. from @ to @

0-interpolation from © to®

Fig3-5 Treatment on boundary



edge of wave suppressor plate

grid( Nt=120000, T=120sec)

0.01
0.00
-0.01

ToTTTTTTTT] 4.2

pressure distribution 0.4

Case-1
initial level of f.s. :Ay,=0.02
(At=0.001 . «=0.025g)

Fig.3-6(a) Grid and pressure (Case-1)

edge of wave suppressor plate

0.0
0.2

1 -}
0.0

4 6

X (m}

grid (Nt=120000,T=120sec)

initial level of f.s. : Ay, =0.02
——: 80000 (At=0.001 . «=0.025g)

0.01
0.00
-0.01

Case-2

initial level of f.s. :Ay,=0
(At=0.00}'s a=0.025g)

Fig.3-6(b) Grid and pressure (Case-2)

6 Nt(iteration number)

X (m}) —eemmmee ;20000 Case-2

initial level of f.s. : Ay,=0
(At=0.001 « a=0.025g)

Fig.3-7(b) Calculated wave and pressure (Case-2)
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F4E ARBANORERMAE —FICHHRE—

1. S

EMOHAREOEBEITIERT, —R¥T5 L ERREORMBITARN L CHERENEE
LTWRWVWDTRBRVONEWIEIREZZIT D, LR LE2EDOTFHAEILL > T, IEFE
TR/ DOEM) ., TEEEOHEE . KKAQER—ETRWEE ], kEIEE sk 2L
FABBOFEOTREMENHBA L, b OEBIL, EFAERBROREER Lo REM
ZREL, RIEREWOBEDOERNOMNESITHIRERETH D, ,

L TCAETCRAERRNLDOS b, BHRAICHEAZH TEERMNAEOEREZ IR,
B CITRAEN 2B, ERBOMNEBEIC L 2EHOFAICK Y, EEK L KESR
BRI OV TRWESh eIt H 2R, FichEi L, Enait, H—ifh] 0XS0
b, EEEOHREEIEL, YuRROMR(E 6 E) O DMRE‘/SD, BETREE
¥ LAKBAREDEEZISA LT, MEESIRROEEEZRE L. KEOBRIEEOSHE
HEEEETD,

AEORETIE, F—HEROAELKEZHREBCREL., BEFEE2ERETHAEIL,
KEARRS OHMET D LRETRYT, ELEHRAOIRIELZER TS, FLICHIE
BREKE, BEAE. TRAXIKREL., KEZRFENCEZL TERZFHAIL, BEFfiEAED
ARG A—F— (HEROAE L KE) & BERK & OBREALNNCT S, EEEK/DD
GUEDBFET IO, BEERZEZETHEL TEZ00, FOHRE CIXEER % HR
TEDONEIDEELET D, FCRERNRBEFHROBRICH L, FABEERITICLY
KEAROSFEZMHL, ERLTIERTHIRATERVWERBICHD ZLEFRT, £
KEARE 2 DFRGERFETINE I, HEROABELKEEZEZ D LKEABRDOSH
BEHIRDZPRLEOHEEZHALNCT S, FMICHEEMZ NG MICAERE L THREE
AL, FRERE TCIREERECERZHERTE 0L 55, KEAEDER DREH
BEENE IDERT, EREROE NS AAARICHEYTIHEELRREL, 209
HEIZL > TKABEOHEE ZRRS,

BT, FECEEE S AKABSROAMREZIEA L, AEEGSRBRICRIT 2 EER &K
EHAEOEROEZRPRMEEELZRET . EANCEER LAKEBAROMEE AV, BT
DEEEN SN E S h2 EBET 5,

UEDOAEE, EERE LAKEAAROKRFER (B 2 2D 2-6. TR ZEFFLLTWS,
TROLRIEB L, OHBEROAE L KEDEERICRETERAOREHA, @EERR/
FHEORE. QEEREROEILE. OQKEAEOHFIE., TiE L DEHROKE, OFFEERD
AE LKEOKAARICERIETERAOREHR., ©KBAELHET 2 KaAEOERA»S
EBEECE 2 AE0HEKR. OKEAROHREERICRIETIERAOZRAMEEETHS,

EERRAEZHERPROTy VL L, EFREREZAVELFRZ x. EHRIZE D
AEFMZ y &35, BEREOHABROZRTI., =y P EAICEFMZELLT (T
ERT B,

4-2. B BIOEZSEITOER
FLEOFHEABC I - THLWEAROFEDOTREESH LN 2o, TBEIED
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LARLDRE T BEEORE £k 5 2 L SEET, WETREMARERIC L SHE
BUETHD, £2 CHEAROAE L AREBEICREL, BHLEEECHUTE3T
KER2L, FEROEBZUEL,. FHTEROAEICHHICERETCE 2H8MEICL, #
BEHFBICRMAKEO V- LVRABOBENEZEAT S Z LIZ X VHIERT v POBF R OER
% £0. lnn OFFE CREZTREIC L7 B KEORIIIV— P LENE#EI =
AN ZZBRAN L VEL LTHAREOR LEX Mo, BEiMNT, HEHlv—ro
BELRA—F—0id, HELEEEMS L—LOLETOEBELZZ LI FiEr R
Lz, KEDOHEBESZ U —I—CHETIHRAL L, KEOREZBEIC LR 2
208 % 7o, BEAA% R B. DRT¥EIZTET,

%2 ED 2-3. (Fig. 2-8) TRL7Z X D12, KEAEDEMER /MW, RICETER
S LTHERZFHAILTH, KEDEOSHIXFEEOBEH ORI BNMEL TEIRICR
D, KEAEZTEHHTI L RRETH D, TRLOLKEAROAHBTSICIE. &
EBEMNE T DL BUBRIETH DM, F O LT R B CEER OB B RE
Lzithuidia b i,

ARETIIRAERENOBER 2R, EEE2AR7— ) U CREEETT5, €
EREOERIIHBAER CRATE, FET—RICREY, AT MR ZOREICHEY T
ARHTEPHICEE L, BABROKEARORY ERKHNTEXB, £ TA U2V RO
EEERSEZHRE, BY ORBERSOZAV., FEBRTERZ2HET S, RICE4LELE
EREHLY U THIER 0, LM & BFTENCERY 729, AT OK (Fig. 4-3.4-8.4-10) D5 E
EUOTH Fig. 4-1. 4-5, 4-7)IBi} 5 by present method) ITAEITIZ L B, EERTIXE
FIDOEZICAFBITIC X DHERBELELE L, LHLYBEDRY arDREATIIT — V) =fET
OERHPEET, ZOFEFICLVFERT — Y =imb 2 v io, 3% 8 B. 0% ¥R T,
&ﬁ%ﬁ%&ﬁ%%ﬂ%%%ﬁ?@@mA%AﬁAJA%AﬂAﬂmKBwT\L&MS
PEICOTESRRENEROERESICTHY L, RAESIIEEOT— ¥ 2EHT 5,

ULo¥FEOH%, BRREO ZRTELHER Lz, AIERSPLRLEOEE CHRTIE
A, HAMIBEZHMFMICEZ THEFIRRAL LT3, ThobbRITEDRIENRLETH
%, ZTHIHE ln/s KB WTHIBIRO A E L KEZFEER/NOSRE (TR MIREE) TR
L EFROMBAEX THEBEZERILE, 2h XV B-%H. S, KEA%% Fig 4-1,
4-2, 4-3 1”7, e, KEBERDOENR/PNIW-OEFHOELITERTE LW, KT
AEOERIERE L TWDH Z L L TR <, PLREDOSIT CRIAE L HIMT L
7=,

4-3. B ORI & EEEOHE

F2ED2-3. OFHAETHEROAE L AEXBRRAICHEVMEAZRIST L 2R
Lize ZOEERURTEVERENTERLILTHEHE, UEDTZRT A —F— 5 ZHH
IZEZTERZHEBIL, EEE & AKEBAEOHEE ZFR4lIx2v, £ZTLiL4-2. TH
B U RV TRERN2ER O 2R ST,

REFEE In/s L LT, ZOFREEZEE L, 2T A—F—0D5b, HERORE
AEZRDDD, FEOAEILRBWTIKEZ2EATERZHEIL. EER/IDEZERD
7. EEEHIBEROAEDBEFRE Fig. 44 1277, HEID o IXHEROAE(THE ZE)
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T, HIEREZERENC T REE(S: «=0.66° | HIEARDIEIL 510mn, HEHRO= v i3k
T XY 5 9mm F) D HAERER: 0=0) FTOFRICBITEIELERL TV BEER/ND
ZFHRERFOMIRET, TRIZIZ=0.33" (HIFEKRTy PIIKFELY 2.9mm THRZ, FN
HABMOEED LN EEFERELY In/s T0.3~0.5mm & L, ZOBAHNS 0.5m L TFD
FEREEEEOE/NNRET D L, HIFEROBREAREIL0.1~0.55° &7229, KELY 0.9~
4.9mn FIZHEYTHNBAY FIBIXIEY, LizRo TEERICH T2 BHEE8IZL - T,
HlgARE 0.1~0.55° IZRRET A EIISLTLHEELIZZEZ ONT., FEROMHIRE
B LTREENKAZ RRBOAEDORE LT O FESEMAICHRETH D Z L 2 Eff
W3, LLHDRFZET S EARKETIIALEN 1400m T, ZhizHlzy P&+
1. 5mm ARICERE L RITHIER G2 WEEBETH H D, KERER T T Ko &M (R
DAE)LEETHIZ LEEHRLTVS,

RICHIBEROBEZKFER) EAE M. ERMICTTRREGO) ICEEL, RMS K
BBIZBWT, KE% 0. 2om BT (FRIERIE TRE) ICREMICE X TER 5L, 53
XV HBER % Fig. 4-5 1277, RIRETIIP LD RI8 THEHEIT 0. 67um, MIRETIIHR
D M25 T 0. 24mm, SIREETIXP LD ST T 1. 16mn (272 Y . TEBSRE/PORREIZ/2 5, BHiC
FIERDOAE L AKERREESME: L 725 M25 TIX ESREER LTV, BRAZRIZ IhiX,
FE 0. 64m, T 0. 24mm (BERUER D FR B IR 1. 5<x<dn DI CTER) DE TIXILADOREIRD
EERBR2D, bk L LTRDONR N, HEmE KEOBFRE Fig. 4-6 177, I
ERFENFRIC—ETRVWOTHETERZE X, RRKPO LIIEMROREBEREBRICEITS
EHET, TEEIERISEVEED 4 EEORE & (0. 43¢x<3m, 0. 64x4=2. 56m) i=X 1 5 &
DEHETH D, AWIZRMS DTy P LEFIEKMNETOERETHD, £HFED Hv-Ah
HBRIZOWT, AL ZRIEOEERER AV TRBROWIER TREATEEI L%
A LIS, ZZCIEENICEDBRTT =T V7 L, BIEEOAEIC»»rb BT
ERBNDOFEREETS

4-4. KEABLOHE
DEFTERT H/KAAVEDEE

FREAREFHROBRICX L. BREEMATICE VKEIEOCSMEHMHE L, TOHE
ZiR~RB, 2BEVKEOZFIZBWTKEARDFHEHRE L-FFHITEETH S, R
.S REBICRBITAEEDOKR/NMEDKEAEZ Fig. 4-7 125737, RXIZR3 conventional
method | IXPERIET (5 2 ED 2-3. TEER) . HEMROFEIRICH LERHEHE CKkEAE %
KD, RENLE (%) ZTNFENCBH LI LARE LT L EDO4HF T, [present method) i
L 4-2. TRATFEEFT CEERORS L FTHICKRELEERTH 2, KEAERO
EXASADT, EEROERED Il AN TH > THRKEAREDOSMIZERIZRZ D, L
LEEERSDBREIZE Y, x4p<1. 50 TFT R, xp=1.5n TE T, xp0l. 5m T A F RIZH
D, KEBEYuOFEOFENERE LTV,

KICHBEROABEDOKE AR 0 W RIZETEREELET D, Fig 4-T IR TRAEEMENT O
FRTIRRMS FRFEIZHY, AEZEZLTH 0,338 T, PuaBoMNEBELLEb-
TRV, Lizdio THIEROAEIIKEAEIER LW LRFERTE 3,

fiu5. KEOKAADEIZRIETERLEE T, RENREROHAIRESE (Fig. 4-5)1C
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L. RMS REBIZBWTHREAEZDPLIC 0.2m ¥y FTCKRKELZE X -BOXKEFERS
Fig. 4-8 IZ;R T RMSHRETHEBEL TTFANL A TR RDIZ2EFRITE LN TV AR,
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HIEROAE L AKEOREEFUICRIZEITIERZHLNICT D, ZRTFRA—F—%2%
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6, &iIXBC, BROEIV KERAE . ZERL. 0, OEEEZFA, KEDEIH/D
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HEROFER (Fig. 2-12) & XIET 5, FHHEZ LI C, BERICRBBHAZIZOWT, C,D
BRIIETEEOKE (0.64n) L A —F—BIc—HLTWAZ L LY . EEROERICE D L
HWcE s, LOALRMSRKRREBICBITSEEREZR/NE THREKETIE, C, DIRIFIXC,
OEMBIZHARERTEDRLRLTH D,

BE, Fig. 4-12%% 5L, RULSREL HDICHEAKEL WV KEZRB U -LETEERD
{ERITPEL 2o TWS, HICHIEROAE L KENEEIKECHS M Tk, ZESEX
D7kE 0.5mm B CEEEOERIIFZRICHEREL TWA (Fig. 4-1200) D EH=FEB.O
7—7). REBFE In/s IZFRE L72IBRIT/2 283, EFARE Tl S 2 S EERICEE
ZORNEREICRYBRS I ENFMETH D, EELESR/NOSRE(ENS ZFB) TR
<. 0.5mmn BURE(ENL=FH) THREICRD, ZOZ L XEERZZMEKE TS
&L, BOLZFHMERR L THLEDRBERHNRRERZZETHY., Fih tEH L OHEE
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FHONEOTREMEIZE 2 LEHTE 54, AELEBERIITHATHS, KEOBEDOE R
b, FiE Im/s TKRE 0. 5mm DEERSLT LHE R TE S —F —TRW, KEREZHE
BILT2BEIC. KEOREVVLETHHH, EEOWEIZBIT 2HBEKEZEEZOEFH
LYk, TORBRICBEHOERENBEZEL, S%OBEL LTEERLHEL OHE
G, EERLEAMOFEER L OBKREZHALMICLRThIER B2V,

LIEHURE C, L& LT, Fig.4-12(a), (). () iz LR BB OB/ _FiELEH
L. Zh& 0 B7eER% Fig 4131277, RMS KRETEHHRIIFA LT, ThEhDIREE
TREZHER L THEAOEMEMIEDL LT, Zh L D TEEROAE & KREOHREER
CRIETERIIA—TH B,

NMEEH OB TERT HKEAEDOEL

KCEFHOE L W KBAIER 6, 2RKD5, KAADROMEFIESUCRKITTERIL, #1
AEIRDBEE THHKEDR 0,2 AV, BHOKFRS TR LTE-)KXTEHR OTE 3,
Z 2 TR IIKEARDOEED A I-H, RIIKAAEDCIERZEIE LIoE, AR
DHKRETH D, 0, I3IMEREORVINEHE T, AFHEREBERS T o ~XJ DERDOME
LARWHEBETHAZ L L sE, RIZAHKEBAR EASHT , 2EEFL LTS,

W5 TR SKEAR 6, 2 EE L. Fig 4-13 ILRTEFOB(L & v HH 2R 4 7=,
TR . BADERFBECR LV, L o RT 0T A L RRICEGEAE O
M E BB E OTFBEELHE LTS, 0, 13U DXESBICU-2)ATREATED LT
B, Co FREABDEEDA o I EHURE, CIIKEREDOHEDONTELRWEEETH
%, SITEAKERE. LIIHEEMETHS, C,OEHEIZOVT, 0, D57 T xp=1.5n TE
I272 DT (Fig. 4-7), xm=l. 5m I8 B Cy,, ZAKREARDIEA BT A L TWRVME L RE
LTC &L, U20REY 0. 05MmE Rz, ZOHREE Fig 4- 141277, EER4-4.12
BIF50, mmokmL Rk SEROBELKEEZEXTHKERE 0. 3EDLA2R,

B.& 0, &HRBE, xp<1.5m ITENR L, X2l 5m D= A F A T x=3. On ILET
DL o . BRED, HERREFENE OTHIC LV AKEREFEMT D L THHEL Y (i
DC). 0.2 0, 50 B/NhELBRDIZEEZHMFHFLEN, LFTLHEO X RERIZZ2N,
ZOBRIISHOBETHS, 0 OEREHEBRIFFAOLVRLTHY, 22Tk 0. &
0, DA —F—B—H L EREBLLTHILETS, -

R

R, = —=— - Asin(6,) 4-1
cos (8,) ¢ )
SL

0, = EA—FnZ(Ctm - C,) (4-2)

4-5. KEDELDREERICKIETEBOERABELYE -EEENER T 2154
BEHRAOEE»bERLE 0, DISAE LT, BEEGRRRICEIT 52 KAAENEEEZRA
Hlze % 2EIZBWTEREMOBENCH S EHROE(LEFHH Ui R (Fig. 2-12) Izxt L,
LR 44 DI ERCFEICLVIRET RICBITD 6, 2Kz, ZORERS Fig.4-15 1z
Y, fh, 82 EICR W TIEERR (Series60, C=0. 6,L,,72. 5m) & V>, EHED xp=1. 5m
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SN EMBELE X, %5-0.5.1.0.2.0,2.5.3.0m DS 6 HF CENRRE ER L.
Fig. 4-16 2187z, AR CIIHIBEROAE L AKEIIKEHEREBICH S, LB THHEERE
OEERIT/NEL, KEDEOEADOHRER Y, KEAEA Fig. 4-16 IZBIT 5 C,DIEH
DEEFFELTNWBLTFHRTE D,

% Z TCFig. 4-15M 0 ,(ERTRTEHE 2V, (4-3) X CFig. 4-16 DC, ZEE LT,
CDRERE Fig 4-17T 12787, T2V TWERFBNE L TWA, Z DR, Fig 4-16
DEFDT 7 POBRERMIKEARTHEZE, 0. 2HANFIRATEIEERFLATVS,
FIBETHRAREL S I, KABDEDOHEIZRELORMLIFIR TRIDT, AKFIzLo
TRRZDARERSH D, LrL, HohL® Fig 4-15 ILFT 0, OFFERD TR,
@-3)XOBERICX VEEIZKEAVBRDEENTE 3,

R,= —tm__ _ Asin(6,) (4-3)
cos (8,)

4-6. EETER L KEAROEMICKIETEROZANBEE -EEENSER TERWVWES-
1)K E & BRI OB % RHIICE X 7o i EHTER

FERZ2ZEAED MIRERBIZL, EMETERR/NETHKRERE L L TEARAREIT
ofz, KEOBRIEIXBEBEN (HE A)ICKD, ZODABNRRBREFERINELLRN,
F5E4-5. LEICHERIZ BV, REMBZ x5=1500m & L7z, RIZZAZ ¥ FREBIZBWTE
A Txlmm OKEDOHERZMZ, EHNICEEZRE LTERRREZEHKB L, =
NEVAKBRLFEIIBOWTEEAREL Y bxlm SELL TS, ZO&MG TIEiE
In/s CHE 2mn & 72V (Fig. 4-5(b) D M34 (R D& L) M8 (RIK D& T) IZHHY), £&FE
TEEESBEEFICRDbN, £, EZHAREO LNV BBz h 5, _
EHREROFKEREL Fig. 4-18 177, BREEFE K OKEIZIB3E{IT/DE, Lk
L &R C,.. ERIEFIRIC, L HICKEDEELELZIT D, 725 F. 25 DIE
PEIR THEADOLMOLEERE L <, F0.27 OFmER THENHARIZZR S, F,=0.20 TiX
TOEIE In/s, EEFEOWERZALIL0.64n TR 1/4L, 220D, ZO X5 REEEOLZET TIX
TOHELAKEEZD LEZL DT CEEEOERMIZNTAMERKELSEDLY, Zhitko
T CICHMMAET B, F,=0.27 TIRAREOELIZ b b LT CIIBE LR, TOHEHA
¥ UTCF,=0.27 CIF&EIX 1. 34m/s, 41X 1. 2m THERS 1/2L,, L 220, EEROAHFED)
SHBENTWAZ LICXD, T TRIAKREEZELT3HIX, §T x5=1500mm D4
iZHHOT, KARABDIERAZ LT, EEEOIEADOHRERY ANTRERLEATIV,
KICAENIE L x5=1000,2000mn IZE X, KEZEEFHRICEEIZ LZHE . #IEKAL
Tximm BB LUIZRECERRRZTo, ZOFERRINEERNICEEREOAR LS
KEAROIERZEREDLE DI LN TES, BIETHNO IBEHTKEE 3FALXTHE
SEIFIOEFRABRERE Fig. 4191077, Wb CIXMEETMHM L, F=0.27HET
KEOEEEZITT, F0. 27 OFEER TIIAKEZHEMT 5 & x5=1500mm TE< | #IZ xm=
1000,2000mm TIEL 725, ZORBIIEEROMBREBIZ L D28, RO )BT 5EHE
ZORALT 5,

iy, {EFHIZEIT S C, DIEIX. Fig. 4-19 23 Fig. 4-18 IZlE_Kx\V, FOEMEIIAES
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MOERIC X 2H, ZOEHABKRD 2) THLMCT S, 0, ZHERT 5 L (Fig. 4-14) ., xp=
1000, 2000mm i xz=1500mm {ZxF L, fRFRHEEHE (1m/s.Fn=0. 20 (ZFA ) T=0. 05x10° DEIZA
B, TOMEIIEDTHINTHS, Ll CICEREERTS, Bk EHTIN(E 2=
D 2-6. FEIED 3-4.), EFHAERROBER LOBRLY  KEABRHFEITDHZLDOT
ERVEETHLZEVHALNTH S,

2) ETEY L AKEAELDOERMREELE

KEAE & EEFRFEOREERICRETEROEANREEELZRARE L, £3KE
RAEROHDIEEE LT 4-5. DFETITH, 22T 44, TRLUEKEZRERINCE 2 -8B
T, KED O, ~DIEABBOOENRVEEICH D LERWE LT, ZoR#ED LI
Fig. 4-19 1BV T, KEOQEIZR LAKEARRIELLRWEREL, 0, 2V (4-3)
R TEETD, NI DELNERERE Fig. 420 1277,

HIZ Fig. 4-20 iZxt LETEE OERADEEEZRAR S, F,=0. 33 O C, DE(LEZKEDK/F
IZ Fig. 4-21 \ZR”"$, ZHIAKEABEDOEEZIToERTHLIND. ZOEHFEITT T b
B9 ETEH Z 213 Froude-Krylov I D{RE Z R IEFZEK TH D L{RE L TC, % (4-4)
RTKT, T TRAKIIEEEREOEHEACK. L ¢ . RDTWIEHEFE C,, T,
F, %, KBEMZ(@-4)XBHOB/N_RIEICLY CoBEEET D, 1. THBAREE, €
BEELMEEOMBOEREZZITZZEBELZONDHE, 1.,~272V/g TEXRTD, Ih
X W7 Cy % Fig 4-22 10787, 2B Co IXETEE L KEAEDOEREZRELZETH B,

ARERE., KEHERO 3 flizx LT EOFIFEIC X > TRKEAE & EBTEE OEH~D/E
BAZEELE ZOBR KES ERSTWEN—EL Fig. 4-19 DT Y ¥ 3 Fig. 4-22
ICINER) . BERRUTHoEZEXBND, 7L xp 22 F, HIZBWTEY v F % 500mm
T—EE LTWAHM, ZOMHEIKF=0.25 OEEEOERICHYE TS, LEV-TEENRE
FEOBEE XY LS M2B F0.25 DEFRTIX, Fig. 423 2B bbb L H ey i
BEENRTER, Fig.4-19 ®F0.25 THOR LAWERERIZ, BHERKETERIZ LD
D .FEBINCE y FE2EZAILEENDD, L2 LENEIRE LOXREHRRBETIZR,
AFECINE, BEREZRAVALERRVWETHENTH D, TROLERMES L TH
HEICEEEZEHAILTO, 2RO, 0 {EEL FroudeKrylov HDEHEIC X B REEEIZHES
BTEABHTRY, EOIREEHROBEAFIT TR, FEEEIIEMINOHRERL S
20 . ZHAVTWARY, HHREEZES TRV, ICXAFEDD LY SENTHS,

2n

C, = ACxsin( X+ £ ) +Cyg (4-4)

CT

1. BEEOZ R

EfAEORIETIE. THELA VRS —DEEK T, KEEEOH—{b & KENE
— 5 —QEERCHET B, ZOMIHED LICEEER R/ T ARG TARESTREY
Do UBTE D KEOBBRRESFOERVDBRALN TS, L LEBEE»LHRHT 3
FEOWAOELEEE, T2bbLEED EFROEBREOBREI k> TREEAL,
KBERETDFEN R THD, HEROAEL, IPRROBIIREREICENT
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HERINDOEGETRET S, ZOHELERERICL D, BRAUKE TIIHE NS A—F —2
BEEOHEELTTH D, Zhicxt LETAE TIIRENRT A—F—D¥HIEL< ., HlIKK
LABOFREOFIEICRDONIFHEICHED L ZA8E, L LEER/N i meaik s
THERUETHER L AKBEORELZTHOBTEREENTHD LEXLNRD, TOERAZRK
iz 3,

EERITHEROAE L KB THRESLN, ZNTA—F—2E 2 THKEARITIAZLL
BRVWHEEZERETE 3 (RKED 4-4.), ZO-DMEERICKEWERZ 5 X D EERK LK
FARIZOWT, KAAEOE{LEZEETHIMLENR RS, EERICR LTOREER/ID
LETHBEROAE L KEZEDNITEL., ZhitXk - THRERZEMILTE S, G,
EROFETIL. REBHEL In/s LTIOR—ROTHINB, RELAENEELEHET
R—DRIEITRV, LALE 2ED Fig. 2-7T R T L 912, SEAEROFEIRICR - TT
X558, MEEEATOEBOR/MEIRE S LD LT, HUHERETITA—F —0. 5mn
DV YVIZRKTE D, Lo TRERE CHIEROABEZRD TRITIE, fLOFET
LEER/NOREBEHESDZENTED, ZOLDICHEREKEOBREDOTFIR, FHEICEK
ENRAEOBRWERENREL . 2O EPEIFHAERROGEHEEZ R B 2E1D X
SEREZITHHRALH N, BBRERIIDBEIASOERFEL R LGB HE
ThdHLERTED,

KEAEDOKEIZRNTDEFERDRVWERIL, BERAKERROFEEOBERANLHE
BETHDH AKARARIIBELRVOTHI0LER R/ TIRENH I THRIT,
MHEEOHBE, TRLLEBICELARVWFETHo THHBI SN AHEHOFERMES
T BHEC2 DIz,

BEMERRBREEORTLEETH D, J 2 CHIAERROBEDHR LICET 588
LT, OEIFEAESEOBRLIC L 2HE,. O/NIOERRBRICH S HE, OFZgE11
[TV EICEAHEICEETE S, OREEE,. KEAE, mEYm, ilh, —v
YTDERT, ThEhOESEZ/NEL TIHEM, TNTNOBRZOEANLERETE S
&, TNThORSOERICHTA3E8ENREEREEIC X > THA LTl b,
@& LT/MRIOERIRBRIZHAE S SHARBEORIE, REEE, HRAREEXHTOh, £
NENXEIGKEE T OB TR, BAKEICR T /M OBEERBRICHESHETH
%, Lo LEGIARE T2 k8IZ3 5 & blockage EAMEIRICK & < R AEMICA S
HTHHKELR22, OIIFEBERLRATREIHETH S,

AHRIZOO 5 bOEARMERE (EEE., KA. KEEEFREDCH—) or L2 B
ELTWAR, AERICINERTECEREIIRIESh, ThiI@®@%HRT L LE
FThBHNL, ZOFRITFER LICLFEET S, BFKE TREIEELORY—HIZM
ZETERE L AKBAREHEN A VT — L n—F —OREEHEOMICHIIE R O A ERE,
AEOHEZEL, Z0X 5 2BEELERABEFRLTEEEIIRITAND L S 2%
I5BERHB, LOLAEECTRIFEODABELBIENB LN TVWAZ LBHALMMNIC
2olc, KIEDOHETHS KR L, ¥ufgid, H—MIIBERCENE, [\
TARFIIKIBIZEDDZ Lt 3,
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4-8. 5
FENHRR OB BRAOERORAELITV. UTOREREE-.

1) {REHEHE (In/s) THIE AT A —F — FIEROAE, KE) 2 RRMICE X LR HEZ
Tole, HIEROAE L ABRXEEREOESIGREA L., EEER/DOEERFEL,
FEMNHARR TIIEERITHERTE 5,

2) AT C X v KEAROS A E2MH Lz, KESEIXI—E TR, BERoPRT
BENAFRBICHY ., ERCREATCETIHLVERBSLETH S,

NAKEABLDHE E LT, FlEROAE LARIIKEAELDZMITIER LRV,

) EIFAE CKREARDEEZR T L BFEETH 5, AKE TIEHIER M S 1. 5o ETFiC
Al (AR 2.5m) 2 RETHIELL ., ZOMEBIRFEEIZL > THELARN,

SYHBIMMZBE L TEAOELER AT, FHHARCIIEEE OMEERICRKIETER
EHERTE D, LHLALBBENCE S MIKEFROENBESREETH 5,

6) EEHDEERER/NETIHE, EEEOERICRIEITIEAZR/INETBHETIK, K
EOREFEIIER D, EHOB AL OEEARIL, REFH (In/s) TIIEEE D&
NEEED 0.5m b S 2T o9, HEROERZEBEELRTNIERLAR,

NHEIEROABE L KEZEXL TS, HAEROBEICE I EROEMIIEDL L2,

S) A DBENZAE S BROEL L WV KERE 0  ZRELT, 0. O5HFIL. EENLL
i U7okEGES 0, L BT, K&EEHRA—F—Th s,

) BERENTKEZE X -MEERRR21To 7z, KE+1m OELTERFFEIIEEICE
by, EEEOER, EEEOHBOERIIEETH S,

10) ERICIER OB 2 E X tiEERRAR E1To 72, KEHE20.05x10° OELT
BHFAEIRECEDY, KAAREr OERIIEETH S,

11) IR AR I BT 2 AEAECIEROEAMREEELZRRE L, AEAREY 2 D%
HEAELR2VWKETH-TH, HOMLD 0, OHHERDTRITIE, AFEOBERIC
XY AEARDOHBEERICRIFTER 2 SBNICBETE 3,

12) IMEIERRRIC BT 2 EEEK L KAARDOERAOERNRMEEEZBSR Uiz, EERK L
AKEARBBEERCFEETHIARBIIBWTL, 0L 6, OHHERDTBITIE, &
BEEEI IC L AMEIEHRR L A EEETHLTE 5,

13) EEE & AKEAROHEZAWVWT, BRAKECHREENGENTHIZ LEERL,

14) BERE L ABEAROHE LY | BFfAERROBEOM EICETIHED S L, BEiHE
BHETRWI EICEARBEEFERE LR,
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side ———s

right

center line

——— left side

M-condition (cx=0.33.) U=1.00 ws

1= 2 600mm T24 ¥=20.57mm _ Bn3A.06/4000 p1==,04/1000

1 [ g L& 2T )

B-, 1\9/1000 ”2'“ =-,09/1000
. e\ il |
v

. 8n=-.02/;000 8ap=0.00/1000

PANAW

200mm T5 l=0'.38 m Bag-.04/1000 A.03/|000

17 =0, 35m 33-. 0771000 Vma-.z ooo

- = T

1 1 all’ 1 -
v
8p1=0.04/4000

y= 100mm T8 H¥=0.36m 8n=Q.04/1000 8n|-0.4-/ 000/
v el

y : trnsverse length from center line of measuring section
Hw : mean wave height to standard zone of 2.5 m ship wodel
©n : wean inclination to standard zone by conventional wmethod
©On;: mean inclination to standard zone by present method

“=—--.: mean line by present method

F——: wean inclination line by conventional wethod

l\I: mean inclination line by present method

Fig.4-1 Wave profile
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U=1.00 s )
Bw : steady wave height in zone 1500 ~ 4500 mm

measured date : 1933.3

1.0 __Hu (run)
— left side— ~— right side —
MW
y (mm)
L 1 1 1 1 1 1 1 1 1
Rw (@) __ 4 o Hw : steady wave height
- in zone 436 ~ 3000 mm
-~ 0.5
y  (w)
L ) 3 1 1 | 1 1 1 1

-1000 -800 -600 -400 -200 0 200 400 600 800 1000

y : transverse length from center line of measuring section

Fig.4-2 Steady wave height

M-condition : @=0.33" (\pptinun angle )

8n x1096//: AN U=1.00 (m/s) ——— Tl S0
/ ~ —

: T09
¢ T01 0 om center line N

Xrr : length from edge of wave suppressor to FP @

: -250 < y < 250
Fig.4-3 Free surface inclination

U=0
— == measured date : 1993.1

ﬁ
L
o
Y

3 Ux0

S-condition (a=0.66)
1.0 ———— M-condition («=0.33)

R-condition (a=0) -
O
Qo
\@\ \943% @ (deg.)
—T= &
1 1 1 1 1 1 ]

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Hw : steady wave height in zone 436~3000 mm

Fig.4-4 Steady wave height
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increasing water volume — ==

optimum

—w=——— decreasing water volume—

R-condition ( rx=0°)

ﬁxu,axa\m

‘. :\Y.Ai\fkf;
4B 1\»‘ W WY

1?""\’ﬁ i A -2 ‘m%\&/.

SEV

LN, i Af—ﬁﬂk /\ﬁ
0 - -—F-15 71 E /I \ 12 T\
E Vo2

¢imm) Ah= 9.0mm R17 Hu=0.76mm Bn=0.03/1Q00  8n1=0.00/1000
' . ) Ve Ve Y /3 2 |
20d N3 e ‘F-’““'{;:"s-:/"xme

n

Hy=1.07mm  B8n=-.01/1000 8n1 ==, 0471000

S o )

Ah : still water height from edge of wave suppretsor

Hw : mean wave height to standard zone of 2.5 m ship model

On : wean inclination to standard zone by conventional method

On,: mean inclination to standard zone by present method
——~<.: mean line by present method

b~ : pean inclination 1line by conventional wmethod R
b~ : mean inclination line by present method LM AL/
weasured date : 1993.3 s

Fig.4-5(a) Wave profile (R condition)

;E LaA 1
1%/?/\'/ i A A vv Y
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increasing water volume ——o

optimum

—=— decreasing water volume

M-condi tion (cz=0.33°\ optimum angle) U=1.0 w/s

iy -ﬁw\

(m) 6

fef =0. snooo]A

0

(ml 6

 &lam) Ah=10.8mn M35 He=0.52mm 8n=%.05/2 emoosqsioo)[\_
1

0
_1F 1

¢lmnm)

Hu : mean
On : mean
On,: mpean
—TTe=el! mean

,’\\u mean

“=-4: mean

Ab': still water height fron edge of wave suppressor

2 3 m)G

wave height to standard zone of 2.5 m ship model
inclination to standard zone by conventional method
inclination to standard zone by present method =
line by present method

inclination 1line by conventional method R =
inclination 1line by present method %h'
measured date : 1993.3 2

Fig.4-5(b) Wave profile (M condition)
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optimum increasing water volume — =

—=—— decreasing water volume

— [ 8ai=0. f3/1%00
1 4 R
%

© 3
]
VA" S i Y
' ey, s __Ag;u_loog_ -

JE i 2 - ‘\(tl, l

[Clmml,  bhoid Bmn a98  MAC1. 1ggRy Bnf-N0/ ﬁ:ﬂ f
AR T ) ) I VA WY Sl

| N LN LS ' /
0 BTN - _ ’
( ) = = J .. B~ .
Claml o dhidnn pR10 N1 53RN an 5/1 eﬁ (14/0
0 .‘m---l--l - ,
-1 » 1 2 " \F N )s
¢lmm) _ Ap=il 2nm o911 pi. ot 5/10 Bn .187]od o}

1 A

- — "fiimu_._.__ .

4, A_;A A_NEMAW
A \7 VERY, ‘v

Ah : still water height from edge of wave suppressor

Hw : mean wave height to standard zone of 2.5 @ ship model

On : mean inclination to standard zone by conventional method

On,: wean inclination to standard zone by present method ==
~=—=-<: mean line by present method
l——; pean inclination 1line by conventional method R =
o~y : mean inclination line by present wethod

measured date : 1993.3 $

Fig.4-5(c) Wave profile (S condition)
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:steady wave height in zone 1500~4000 mm

R (x=0) M (e=0.39) S (x=0.66)

‘ 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0

Hu (um) Hw : steady wave height in zone 436~3000 mm
2.0 R (a=0) M (2=0.3D \ S (x-0.66) .
1.5

1.0

0.5 Ah (am)

0 L | ]

Ah Ux0

= measured date : 1993.1
M o =
S Ah : still water height from. edge
of wave suppressor (ar=0)

Fig.4-6 Steady wave height

Bn x1000 //\\ U=1.00 (m/s) =0
- | Ah
0.2 /\ / \\ /'\ R =
0.1 T |
4000
0.0 ' !
i XFP (mm)

RI8 9.2m |

M2
507 12.0mm
0.2 %~ _—conventional method—

.\
5 178 (e \\/ "\_/'\. ‘*w\/
\

]

a
o5

3
—

S07 12.0mm (ex=0.66)
Xrr ¢ length from edge of wave suppressor \to /FP

\,/ \\/

Fig.4-7 Free surface inclination (R.M. S condition)

57



8n x1000 C O U=1.00 (m/s)

0.2 R-condition: a=0"
- —_
0.1} ~ N\
: 3000 4000
0,0 | ! ! ! }
XFP (mm)

4 10.
Bl 310!
2 9
=
0.z2= ¢ R18 9:2mm-——near1y optinul\\ N\ o
=i N
——~: RiL 8 6mm =
——1: R13 B.4mm} decreasing water volume
——:Ri12 8 N ”

Fig.4-8(a) Free surface inclination (R condition)

Bn x1000 U=1.00 (m/s)
M-condition : a=0.33" (optimum angle)

0.2 -
N
0.1 F N
4000
0.0 X - I I
SOTT XFP (mm)
1= T *
1. 7o,
Todmm | e ST
0.2 1. 2mm vl
: ('I)gmm~— nearly optimum =,
______ : M2 O:Sm water volume —
—=T i (odm
. 138 O:Om decreasing water volume

Xer ¢ length from edge of wave suppressor to FP

Fig.4-8(b) Free surface inclination (M condition)

8n x1000 U=1.00 (m/s)
0.2 _\ S-condition : er=0.66"

0.1

gth from edge of wave suppressor to FP

Xer 2 len

Fig.4-8(c) Free surface inclination (S condition)
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@ © @measured data

8n 1000 U=1.00 (n/s) T—"":eean line fitted by quadratic equation
o 2
0.2 r M-cooditics : a=0.33' (optinum angle) Ct=ht/. SpSY changing +] sa water level
L Fn=0.199 U=0.993 (m/s) b ®
.0049 S
- .-
0.1 . 0048 L5 %
. 0047 &% SRS P )
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004g | F0=0:198_ U=0.993 (n/s) 5 °°~f/e;,
. ° 5
Caun () 0048 __g2-%8
pO5G°
2 - . 0047 ="
_ 0045 5.3 1) 93/03/24
L u-10 we . ) 1000 2000 3000
Y - XFP {mm)
1 b XFP : length from the edge of wave suppressor to FP -
e o S-condition (ar«0.666" )
P o Lt 3 (0.0
8 1
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@& o O @:neasured data
= :mean line fitted by quadratic equatibn

Ct=Rt/. SDSVZ changing +1 en water level
-
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Fn=0.193 U=0.993 (m/s) ] 01 R-condition (er-0)
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Fn=0.199 U=0.933 (m/s) B - \
0048 e T ) 0.2 - ! 1
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Fig.4-15 Distribution of free surface inclination
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Fig.4-16 Measured coefficient of resistance (same as Fig.2-10)
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Ct=Rt/. 5pSV2
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Fig.4-17 Corrected coefficient of resistance
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Fig.4-18 Measured coefficient of resistance
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Ct=Rt/. 5pSV2
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Fig4-19 Measured coefficient of resistance
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Fig.4-20 Corrected coefficient of resistance
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Fig.4-22 Corrected coefficient of resistance
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DO B TOERBIITRBIZ L o THETED LTHELFTHD, HYUTROEY
PBEEZRABERE L, BIESOEBERAGEERT y P)ETOERME x; &L, ZOBEE
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Fig.5-1 Modeling of boundary layer of measuring section by using turbulent flat plate

boudary layer of wetted plane
under viewpoint of transverse cut
(x=1500 mm : position of FP of standard model)

wave suppressor plate

boundary layer
of starboard (z=T00 mm)

boundary layer of bottom plane
under viewpoint of longitudinal cut
(=0, £600, 1000 xm) boundary layer

Principal Dimensions of Measuring Section of portside (2700 nm)

BxdxL=28x1.4x509m

Fig.5-2 Positions of measuring boundary layer
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Fig.5-11(b) Static pressure distribution (z-x plane. y=0)
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Fig.5-11(c) Total pressure distribution (z-x plane. y=0)
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Fig.5-12 A flow model of measuring section (z-x plane. y=0, Case-1)
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Fig.5-13 Velocity and pressure (x-y plane,z=150)
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Fig.5-14 Velocity and pressure (x-y plane, z=150)
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Fig.5-15 Velocity and pressure (x-y plane, z=150, Case-2)
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Fig.5-16 Velocity and pressure (z-x plane, y=0, Case-3)
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Fig.5-17 A flow model of measuring section
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FEMBEOBANLEX D LHLMIFRETHS, 5T, REFKHE v THBEZEBAL.
BEZ—EEOH L SF8n THO R EOBER S A, FROICHREBICHYT IS %
BY ANEFIZR>TWEOTIIRVWIRE HE X DN, BRATRELEIBIEFOIZE
STELTAEHOBEE LT,
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ERROER. MEFROER. BEOERZESHLMIR -7, RAIEROHRE. EH
OHBLERTEBRLEEE), TITASTIHUSAE LT, AFEOCHRE D & ICHIES
OENEET IV TT B,

DEXF

FHEOHEEZALMNCTIHE. BEN, BERNRZOOFEICX 57 o —Ficsmid
bhd, BRREOHE(FE4E), EmoERBOME (B 5 %), BRAREEEOT AN
FoH (L BE) ORBIPRBREAIC Lo TWE, Z 2 TRESEMNRIMBRIZT-» T,
REMTNLDOET Y T eRH 5, BRI & Utk (E 5 B) R4 L5, HER
FENIIEETHD, L LAKEARZFEKRER CTHATE 201, BESROMHILA—R
TOHEEZ > TVENBT, ZOFRIIMELENZOVWTH—RITHBRIEB I TN TE
DREREE 2 RE LTV B,

—REHFNORRIIMEOTRN T, AFOEFEOBEEPERICER STV 54
EHITAIENTED, ZNICRDWRIBRRNZ —RITTRET D, T TIZHE, #E.
BIE DR L LT Fig. 6-18(55 5 &= 5-3. @ Fig. 5-12) 2187/, ZOFKRIL. KEEGW T
Bl-_REDT—FZ IR L, BEFMIZFEH LEOHRNFROSMTHD, EHHED
FNnZ—RITTRRTHHEE. AEHKNEERICE X 5 & Fig. 6-19 OXfiIcAed, 22T
HHEO EAIISEBREZBERT S, BESER THINLEXMHICRLT, a—F—FRaon
fEiR (Fig. 6-19 @ A) TFENRE LT TIIMEZEOI B, —KREDT7u—ETF VEHER
EITEEIZ & A Fig. 6-18 TREATE S LT 5,

) FHED—RILET )V
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—F—F5 O Fig. 6-19 O A) DREEZERTHIL, P ERROEL Y K& 2D (L
i), FTLEBNDAREEREV, L, HREEEBROWTHLEELZES 3, OtEEY]
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92



W5,

NEHD—RTET IV

BE C, IOV TEZXD, BHEAIKBW TRV~ OERZEAL, EHEZHET
RKETDH L, py=ogh (ZOXDHp, i3HE, hIITEHREADOEI) LD LIIAETH
5, TRbbBERFEETREATE., EELZHBTNEIRERI»S, LELENIIESA
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(Fig. 5-11(0)) PIER OFNZ, —RIEIZ L DFWOBTE BRIEITR, £ZTIORYHE
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TED, SHIHEDHIICB O THEREEL LIEEF V7 KB LI, F4ED 4-2.)
OKREIR., HIERETHERT Yy POESICELETRE L, L LAKEOEREIZfE
AEERMUAFRIERLT., Sk 9 BECEESTHL TV ATEELE L LN,

FZTE6ED6-4. DIEIE (Fig. 6-15 % Fig. 6-16 IZEE) & FRIZ. F—KEICEE (&
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ERNREAI DL, BIERFTNEZ —RIT TR Z L 2RDT, BIEHOELHE, B
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AEAREHES——OERICH D Z EBRARICR- T, KAAROEERDIEH
(E28E), BAKEROBEAHEIER), ERICIIFEFE 1 E.E58) T3, Z0B%R:
RETELD, AHOBRICLVRANENS,

BESMIZ, MEHOEER, SMENFR, BETRESNS, TRIIEHBEOKE
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DHRERZBTIMOTMHEICTIRTE D, KOAT—VOREE LT, KEEORENT %
HE L, BHRER~OEREHETNILIV, Thick vAlE, H#8E, Roilhie
WEFERR ED X 5 2{ERAZZ T 203 BETE, BRICEKEICRIT H2MEERD
BEERCETE R TE 5, AERENAS—ERERVC—EEATRL, EFV V7%
BT AEEIL. TNIEEIHRAKEOERRENBMAE L R2DZLZ2E%RT S, Lizho
TEIFAEOREAREBMAKE L B2 RICRPZLIZBHAT, ZoBEE2ERTR
L., EFAEOMBEMEEZBELRTRIERLRY,

iy, BERRmIE., BEOEABIEEREANEN T, FICBHRHEEREEICHT LT
H—om k., ANOERBRAZEAMENREANLDOT 7o —FRUNETHD, 20
SIS T ETRNS,

6-6. ¥ LWEREIK OREE
[FoABLOEAZFAL, EMZERTV LT38FToMSITELND Z L7 <,
EEMICHBERELHTeEEC Y e AROEE R TN EBRET 3, B AE2
EIZTAFELEZONAN, EGEN 1 HKICH LT 2 B TH B Z &, BLROBERH
2525 LMAECERIIES TRVOT, BEEHROLZERNOHEL L, N
1) BERREOHEDEE

AKEABZTT(6-6) X% 6-9) AR THETT D, (6-9)NITIEHRAC, FERBENTH 4
BEIEDTHZOEETIIRABES TRVWOT, KiE, WafE, Do S 2080
BOELTHEHERIC Lo THREL L., BEBIIFENL AT CRFEEROELIZE - T
bEDLLRWLRET D, KR TIRIORELZEEBUTRET S, BAWIE 2=
Y 7D 6-5)RTERRT S L, (6-9)RKIL(6-10)KiIZ22 D, hy. Ay, s 1T DOKE. WA

B BN&EOEEITHD,
9=6f +6b (6_9)
g .= 1 __l__]_._ c . Fn’
T 1-Fn? pg A ® 1 - Fn?
s
6 =-£,(Fn) (C,+ B) (6-10)



Fn= V/\/g—h-o \ fb=Fn2/ (l‘Fnz) . Clzgho (1/ (Ao/So) 4/3) nZ

BEREZEHOEMELIZ. 0 OFEFIZL > TOE-1) A TERRATE S,
n=-£, (Fn) (C1x+2y) (6-11)

Z T IXEEBRT, #TRTXHIC(Fig. 6-21), k@& #ELT5, 6-1)RITXh

i, BHZEHOBREZ f,Fn) BRERELRL RV EGHR 2, L —H—TRETE 5, BF. X

% Im DK TiX Im/s TFn=0. 32, £,=0. 11 THLEE L0XEREDOHELX 5 X 5, 2n/s TIX £,=0. 70

IKES, —#RIZ|f<d T.CREVBEOREREZAVTVWAR, [f,>1 TIEiEE 25,

(6-10)XK, E-1DRICH LUTOER%2ES,

OEAED B BREII-(Cx+z,) ZEEL L, EARIIERER (z,) . BENZRTSE
BC)TRESD, ZHICf,Fr) AR TERENS,

OKEAROKRFIZEL., LREOOOHERREZRE CEFTN LRI Z2{To T ITIILE
DEFOEBRFARICRDZ L EEH®RT D, Lo THRELZZE A TEHANIRANEE
RV EEERTHDRTH S, F4E, B5ETIR. BB, E, EH, BERBOEE
SH O ZREIE In/s IZR- 728, KEADEROHEECERDPLIIFY THD,

QEEBREZAX—RE L TI2HEROEBBRIMIT, EW TIEOE HRCIXME L 25,
o, PuAROMEITEEDCTIZ L > THATERBERT., f, 8EB L THENRE
b3, FETT7V— FEBERK E o 7-FF, BEERREIZ(Cx+z,) DEBEFICEEL.
BHREOREIIERIZR S,

@QEEEHRTY LT T, 6-10R LY B=-C, 0TV AR % 52 5 44T,
TN— FEICEFER< 0=0 & 725, TROLLERVICIIEFTEICK L T e Ao FE;
HHREAZREATES, LEB>TERT Y AERRETLICRBIT2RERIRTH 3,

OLPLEEUOBEREN/NSWE, TRLLAIER CEROELB R E VB, BEN
FEIIIELRRWVWERE, B=—C 2R TIAMETHE e RE L R2->Th, THLESTIEB
=C, DEFZIBRNAKEARITE IR bR, £/ Fn=l ORE T fi=xo b2, 6§
=0 RISV, Lo THRE L 2fE CKEAR Y e oz ES Z LI R7
BETHD,

OAEORE, RE. AEOREI LHEFTE., BLROEHR VLIV 8=-C OERTY
AMOFIEITE LW EHEBEND, REBROUT., FhEOREL(ICLB 8L C,DE
BbdiF ot REEICEITS B=-—C, OGN RREIIRETH S, EEHREDCEG
AED 0 IIRFFE In/s ITBWTERHREONRE T-0.3x10%, KELEFEFHT DK
ECIRE2ED2-3. FL4ED 44, TRLIEZ LD IZ£0.2x10°%(Z 2 T=HRF < DXiED
BBBIZE D) DA —F—T, T TIERDTHTHINLERT Y OESICHEV., 8
BEADRERBESL LT3 FEICX ARBHIITE L,

OEFETEuARDOELRERREEED Z LN TEHINELOMCICH L, R, &
RS XV RERETH D, BTAEOENNBERZ T 7M., TOEICITRMAR L
R UEBRBRENF- TVI0NE I M, ZOBRRBZKERICEELN-EETH S,

@ LULIRE—RLIc Lo TEY, 205 bEERKREIZL>THELLRWVWETS
BE. THROLERIINTI VA JNVAROBEBCET A EENSETH D,

QOLENPDIIRDLD DL LTERMWIEBRRAZHEIZ L TERETCE o BE D&t
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BTARNERET D, BHRAOBRITFBESKHEOE(LL LTREELIZH DT, ff
BEREOEASHITELRABRRADOHRAELRR D, LM LBEOCEEZ THEMCERT
EBHULVE L, MEERICRETEREZHREDCRE Ty e TE R KEDER
DEAPLEND Z LR TE S, BRRFEZHBEMICT2HER. EoAE0E¥wHED
HHEREEZRDDDICHARIEMEDO LN E LTTRSE, LLbA ) VAEORE,
BEEFTOHIK ., BELLEOERICH LFEKT, TZOBANLEHATHD,

2) B AERPIROTEER DEE
HMEEZHEL TAEA0EERTREER L, KEOBREL ZROBANHEE

EEZLNDHEBELTKRD 6 A diT. B % Fig 6-21 IR,

O¥ nGEOME : AEARNEFRICRIZTER & ELNICER T3 L5 CEnaRo
I x, L BEERO P REE A DE B, ZNICL Y % MERNE S L BBLET—BicR
$5, £ 5 BHEEIE Lo THE LAV EAEE LW, ThbbMERBORKE &
HROBENLEEREL> THAIBRICBE LIS WABREE THAZ ENEE LU,

OHMERN AR : BEHOHEHEE CH-> T HhETEICEVVERTH B - L REEL
<. X WCBTBERE, THET, |

QHBEFTOHE : RBREEOEANDHE Tho THEFEIGEN T EREELL ., x,
BT AHMEBTCESRETE S,

@B BEETOFROMHYE : HEREOMRIIBERRB L b 0T, AEAROMEKE
FC RIETER 2 EEEICIRL 72, BRREOTRIE x CE L THKTH S = L BN E
LV, 27 LESEOREIIAZENHTH BN, = 2 CIREBIRERET 5.

OB BREDEHICHE ) KBOFAEE : KEORERICEE L, A X5 EMELD
INEWHREE LY,

@EBEHR OBt : BUERSE L S EOEAL DB THD Z LREE L,

) EEMIROBREFIE _

LR 2)OFMMER ZEBR L-EGHIROBRFHEZRET S, O.Q%REHFEO54&M4L
LTEEL.@.@2FRREROMREHLT5.0.OER L BAREDOHRSKRE -
e OFHEEE & LTIRABE LW,

LRO® LY EBBERIIRE LT 2, 2 BWHR THERTT %, BOR T T o Q&8O
MEICE L THEAH T, OOFHFEMEEIND, 3 KATIEHAHICR L2, fih, %
FHRTIHBHROBEEZEI T TERERKRELRY, FOLIRBICTTAILNEEDL R,
L7eB>THRFTCHERREOHBEZRAETTERT Y L35, Fig. 621 IZFRT LI,
Tk L ERT OB A P, (x,.2,) ZEIEIC, 0=5x=Zx, TIIHEWH z,=ax?+bx T, x2x, TiX
B, 2RAEBABLTHTVER 2,=8,x-x)+z, TEKT, ZZ TP IZBITH KMo LE
OEEEMZ, B, 2REFFLOANEL LTHRVEEMET S,

EROLY., 6-10)RIZH L x=x, T 0=0 DFEHLETL (6-12)RE2E 5,

X = ( b+C, )/ (2a) (6-12)
RIZ@X Y, G- 1D)RTx=x 2BV Tn=n,0FHELY 6-13)X%HE5,
axyi+bxy + Cixg = — 1 /f, (6-13)

96
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Fn.C,=Xg. 0« B—a= 1/ (X2f,) »b=—2ax,~C,~x,=(8,-b) / (2a) »z,=(B8 ,>-b%) / (4a) (6-14)

6-7. FILWERBROER
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DEERPR%E Fig. 6-22(RAIKDO L L Y —FB)IZFT, RICENENOEERRICS L
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EERBEBFALIEV, AR TIIRKIEZ 20m/s & LTWAR, ZhukT 288134 < i
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WEARL LTERLORBLIIELNARNTHS S, EFRABOREO—ITEHEI X h
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Fig.6-1 Measuring points
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X=6,0m

-10 . X=6.5m

Zb imm) G‘SW’N—O

® : area of glass windows for observation

® : area of glass windows for observation
te : .
——— 3 linear inclination at y=0 (p.-2.3x10-%) measured date : 1397.3

weasured date : 1997.3 Fig.6-3 Measured bottom form
Fig.6-2 Measured bottom form
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2800
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2800 ___Fi@;ﬁ»,w&‘
2790 [E 1 Y 3 + s 6 X (n)

[/ t area of glass windows for observation
s standing condition for experiment
—————=~ : empty condition without water

measured date : 1997.3

Fig.6-4 Measured side form
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Zb (mm)

I ] ] T 1 § 1 1
l: 1 2 3 4/ s & 71 8
X (m)
0-inclination
7 (mm)

BX d XL= 2.8%X 1.4X Ba | V=1.0n/s
friction bottom inclination
Case-1 : ———  power law « f=0
Case-2 : ——  0<0.010 . B=0
Case-3 : —-— « 00011 . B=0
Case-4 : ———— . 00013 . B=0

Fig.6-5 Free surface elevation

]
[ ski plate type
, Z'U (mm) :_ .
1 AN S R I N R R
ML \5 5 7
.' — - AN X {m
! 7

Case-6
BXdXL =28 X 1,{X8nm
a0 < B : I ski plate type J

Fig.6-7 Free surface elevation
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Zb (mm)
o -
downward linear inclination
7 (mm)
Case-5 KW
BXdXL=2.8 X 1,4X8Bn
n=0.011 . 8= -2.2X10°
-z 0.5 /s —--—:2.0m/s <
—: 1.0n/s ———:2.5n/s .
——: 1.5m/s ~--—- : 3.0 /s *~
Fig.6-6 Free surface elevation
Zb (mm)
0 T T T T | —
2 3 4 5 6 7

=10

X {m}

/,_-\\ A
14 AN
/ 3 ski plate type

\
Case-T ‘\‘ \\
BXd XL = 2.8 X 1.4X8 AN
0=0.011 . B : T ski plate type J ‘\‘ \
\ \

Fig.6-8 Free surface elevation
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o = T =T T T - = "— r
WL 2 Tl " 5 & Xt -0.2 ' !! A ()
I L I g 0.2 ‘ ~

DIF"__:":: _____ I .= VQMVI@

1 2 3 4 S 6 -4m)
tmm) e mmmmem—emm————— . Gy Y=-1.00
E-n I Y2=1.00-m-"""" 6-2 I\ ‘ A el A—-v‘-v
| e =T == T < -0.2 ' ' s \g “’ Xtkm)
F n () 2 3 [ SOSRS -t ZX 0.2 8x 1,000 --1. 15 ‘ An N\
___Iustrts-n” A =1—1} -
i e T NI /A i e ¥ I WA 2 v AT/
1 2 3 4 5 6 X tm)
BX d XL~ 2.8X 1.4X8 mw | V=1.0 w/s BX d XL= 2.8X 1.4X8 m . V=1.0 w/s
: included effect due to bottom & friction (n=0.011) : directly calculated inclination from free surface
————2: {included effect due to only bottom (n=0) —=———: averaged inclination for 2.5 m Lpp length (X is midship)
Fig.6-9 Free surface elevation Fig.6-10 Free surface inclination

Zb (mm) Zb : averaged form of bottom plane

7 {mm)
1 e cmmmmmm—————-
0 |_ === T T 1
-1 1 2 3 4 5 )
X (m)
»8x1000
TN ~ i\
0.2 A/ e P\
hid = VAR r/\m'—_ﬁ-v’{‘ N
-0.2 LV — ‘\_ll \!
1 4 5 X \tm}

local inclination for calculated free sutface
averaged inclination for 2.5 m Lpp length
(in this case X is wmidship)

O : measured at area without windows

@ : included area of glass windows for observation
: included effect dus to bottom and friction (n=0.0114)
w—=m==: Included effect due to only bottom (n=0)

Fig.6-11 Calculated free surface elevation and inclination
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without water
previous (excluding component of side pressure)

local inclination for calculated free sutf.ca/
s X averaged inclination for 2.5 m Lpp length

present result

o Q at area wi

® : included area of glass windows for observation

———: ntanding condition with water &

included effect due to side and friction (0=0.0114)
=== standing condition with mater &

included effect due to only side (n=0)
—-—: empty condition without water (imaginary) &

included effect due to side and friction (n=00114)
wweeeee-t empty condition without water (imagivary) &

included effect due to only gide (n=0)

Fig.6-12 Calculated free surface elevation and inclination

Zb (am) Zb : averaged form of bottom plane

b (mm) b : averaged form of side plane

2810
2800
2790

0.2

-0.2

local inclination for calculated free surface
averaged inclination for 2.5m Lpp length
(in this case X is midship )

QO ‘:measured at area without windows

(D :included area of glass windows for observation
~— : included effect due to bottom , side and friction
===~ included effect due to bottom and side without friction

Fig.6-13 Calculated free surface elevation and inclination

104



- e/

?':T 3 It V5 %in &

5 . 0 =0.0571000

. , AR
a4 E 1 2 3 4 Vs %ial 6

optinum

ot oty e e T = Ny 3

]

]
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8a x1000 U=1.00 (m/s)
M-condition s a=0.33"" (optimm angle)
0.2 r
/ 4000
.1 )
) ’/ XFP (mm)

12. Omm
11.8mm
11.bmm
Modmn | S~eeen
11, 2mm
13 oo searly optinum
10 6mm water voluse
10. 4mm

' 10.2mm y decreasing water volume
10. Omm

f.ron edge of wave suppressor to FP
Fig.6-14 Measured free surface elevation and inclination

U=1.00 (m/s)

M-condition : a=0.33"" (optimum angle)

not corrected water volume

2 10.6mm decreasing water volume

X ¢ length from edge of wave supppressor plate
to midship of standard model ship (2.5 m)

Fig.6-15 Calculated free surface elevation and inclination
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not corrected water volume

’T'm:/' — \__\

| [.\.\*w"" — MN\W\
- ~ .

x : length from edge of wave supppressor plate
to midship of standard model ship (2.5 m)

local inclination
averaged inclinatior for Lpp

=0.2

R
M p= Um0
S Ah
------ : Ri8 9.2mm (x=0)
e 0 M25 11, Omm (=0.33)
=2 507 12.0mm (x=0.66)

—— calculated
Ah : water volume is optimum under @ condition

Fig.6-16 Calculated free surface elevation and inclination

=10

b (mm) b :averaged form of side plane

3 4
O : measured at area without windows
® : measured at area with windows =0 .

-1 \ local inclination
~
\\ 7 \/ averaged inclination for Lip
8 %

X (m)

——— : Xi=0.10 m
———e= :xi=1.17m
—— :Xi=243m
——— : xi=]10.00 m
e = 0,0114
—_———: t=0

(xi : imaginary origin of coordinates)

Fig.6-17 Calculated free surface elevation and inclination
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velocity distribution on z-x plane (y=0)

ulm/s) ) L Xm
0.98 0e00000050, oG 1 1 i > T'ooogop
( initial point 0000006000006,0000 4 1\ 000g00 " Cod
Pp 0g00%0gto 0T T
. J !
0.97 l,: E :' E l:
by open—channel thory . ) : . O -
: included effect due to bottom and friction ‘,‘-‘-—""‘l’ ]/- n ; ! : a
0.9 b ~———:included effect due to bottom , side and friction ,": . ,".‘ ; : I c\mm)
static pressure distribution on z-x plane (y=0) ;' ' :' :' :' \ ! h 5 ':1.0
[y 1
- SRR
3 mm \ - 1
1200 P 098000040 (8% To ot it 1t i
oooo QQG)OO° \ 0P0 Y’ 01 Th @ b by 0.5
[ e} 0000 ) ': " 01 Yo °oo¢°d 1001 ! okt
II\ /' \ / ) // \ / v N H |l i " ! ?0 g Q 0 ll
0.50 roN \ / /‘\/ ~/ \\Jl_ J l" : l| ' O: :QQI!) 0.0
. vy ) 1 L .
’ / 2 MR
wave height measured at the same 1|;imel bl v : !
Ctp {mm) v ]
50.0 P fitted line m‘-parallel lmth Ahf;—lnclmgtxon
\ 1
1 ]

total pressure distribution on 2z-x plane (y=0)
!

N
{ &
0 2 L/ o6
free surface ¢
O : averaged valve for z-direction 10<z<1290mm

® : averaged value included components of free surface and boundary layer on bottom

Fig.6-18 A flow model of measuring section (z-x plane. y=0, same as Fig.5-12)

h R ™M
!

—— b

Fig.6-19 A flow model analogized with pipe flow
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excluded component of steady wave
—-— same (M25 : optimized condition)

: included component of free surface & boundary layer

: averaged for 10<z<1290 mm

o
o

(z-x plane.y=0)

Fig.6-20(a) Static pressure distribution

excluded component of steady wave

—— same (M25: optimized condition)

: averaged for 10<z<1290 mm

o}
[¢ ]

: included component of free surface & boundary layer

tribution (z-x plane. y=0)

¢ pressure dis

Fig.6-20(b) Stati

o x 3
H t
S 3
> o B
A 2§
% £s
|'/ﬂ - ,mw
e
< ” ;
o~ S 2
i
! "

J

r’?

Zy =axlibx

aBn

e

Z

parabolic

linear

P1(xy,20)

simple ?

Fig.6-21 Parameters of advanced bottom form
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Zb {mm)
0 T T T T T =
- 2 3 4 5 6
-10 - X (m)
- T SET===
-20 L ‘~“‘:
7 {mm)
2 —
1 -
0 = T e
iy 1 2 3 ‘ 5
N X tm)
-2 L
Case-l : ——— B, : (non-linear)
Casg-2 ¢ ——-— B =25 8
8 x1000 Case-3 : —=-—— #, =.50° 8
0.4 Case-d : =~—~—— BT 8
Casg-5 ¢ —ceem By = B
0.2 cf. 81 (Biaear )= -3.21:1073
0.0 T T T T 1
-0.2 1 2 3 S - —-1
) ¥t
-0.4

BXdXLs 2X1X6 m

designed velocity : 1a/s (Fn=0.32)

Lpp of model : 2a

position of (Q-incli. : 1 m from edge of plate
elevation of fs : 0.5ms under 1w/s

Fig.6-22 Advanced bottom form and free surface

Zb (mm)

0.4
0.2
0.0

-0.2
-0.4

¥
?
w
»
g
®
-
d

Fig.6-23 Advanced bottom form and free surface
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Zb (mm)

Case-1 : ————\ B, : (non-linear)

Case-2 : e—=o— 1= 1.0 81

8 x1000 Case-3 : ——o—— v = 1.30- 8.

10 x100 Case-4't ———= BA=1.10-8;

Case-5 : =-=——— B % 1.05- B
5 cf.. B1 (Bisear )y -2.87-1077
0 T I i i i Sk v A
-5 1 2 LTI SN S " A |
(m)

-10

BXdXLal.5X1.25X8 n
designed velocity : 5 w/s (Fn=1.43)
Lpp of wodel : 1«

position of O-incli. : 2 m from edge of plate
elevation of fs s 10 ma under 5 w/s

Fig.6-24 Advanced bottom form and free surface

Zb (mm)

Case-3 : 8, =1.50° 8,

——-—: B ws
—_— 10ws

— 1 s
—_—t 2 s

—_ 3 s —— : 15w/s
——em s Ws —— : 2Wws
~—— :5ws

Fig.6-25 Advanced bottom form and free surface
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BiEDO SRR (CaseB) & Fig. 7-6 125”7, LA L Case-A(Fig. 7-1) DB RIZE 720
BWREod:,

Nr— v IDIR

o—F—RNERTRVWIEBHPAL, Ry —Yr 7IclERo7-, u—F—0KREnN
EGANOREIOMBEZHAIL., ZOKREEL Fig. T-7IC77, HAE 2800mn iZxt L.
-500<y<500mm DFEIRIZFRE L7=5H iz X o TH ., W B T3 5. Omm, R2ZE-0. 8~+0. Smm,
WiA O G 7. lnm, FBZE-0.6~+0. 4mm ThH D, BMICHKE—ELHFTEX-HE. K
0 OFKTE & B/IEEIZ-16~+10%02F Y | IR 0 ORI & FiE & OB —t—DxtiE%
LTCW3, LERoTHIREEDRRABR T — VI OBYERRBIZE B Z 2 RWE LT,
AKEDOEE REFFH In/s DBHEEEELIL 345rpn T, B —F —REOHHEE L 3. 8n/s
WCE?, BEOA—F—1X RO X 5 ICRE O Som, BiADE Tmm TIHEF I, F—
U7 ONEILEEY v T, 4 —4%—10mm O R CHE QAL 0~3. 8n/s DB AWTF A £/
EhTWseBE2bNh5, BRRELIEE OBRFREZHLCT I, n—F—NOWhsF
., RO & RADOIERNCRIETERORHANLETHHH, TRLREIOMEE L
TEYEREDERWZ LITFET, ZoHEEzEETHIZ L L L

= T OEWEEREANORE L, ¥—Y 7%, AV y MIID LT E THE
DIR & ZREHES L TEYEE NS, LA LEBENITZEhRhoTz, BE 2. 790 O—{FR
PEBMITALaRAMNOBIRNEES D, F—V U T ORBICEELZRDT, 3 KEIL
TR (1400mn) OB MM T L, MRS 2RO FIETEEL, Yo 3 ki
ET37 vy TEZER U, BERNI TR, PRSI L7 I/ A TCTEEMIL
Too WIZHRIRBITNA P27 150 ORFRIBEZEUEL ., AR Tr— Y JRE 2 S
SOMIL7z, BEOREZRZMELL, BYERICHAI L= —v v okiin, %aAno
PR, RV v MEZ Fig. -8 1277, AEIZREBERICHB L2RER LA D OO
FRbLRIRICR T, RECLI/BRLEABERICKBREIN TV S,

r— v 7 EHUEDFCHEREL (CaseC) .REDHITITo - u— & —BEDR
E% Fig. T-9 1R, y=—200mm {5 DFFREIEI L | Fig. 7-1, 7T-6 [ZH~BRIC KT
HEOHIBERNEBELA TS,
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3) R O TR

n—& —NOFIZTFEEER 2 BEROREIDIcHY T3, RERIZr—¥—0DHE
7B, REFEZREOBHREE L TDL. VA VAT 0.6x10° THEEICEL, ZKT
HBORENTRTED, Ebile—F—KEMELIr—VVITNEDOH_RHE, o—7—
DEY FHFIC#E S B RAORLR ER/MENLRERIC L DB FRA~NDO ZRENOFER bE
TV, LMo TMERNO ZKIEEZED HI21E. FRHEZ EGIeE Lm0
FNEMETDZ L BFDRFELELLND, £Z T y=+600mm O 2 EFTICREZRET
BEZRMITAZEEZBREL. ZOBEZ ZRENAHY v 7 L4407, BIE% Fig. 7-10
WRY, ARBEER VUV ONEERVTEE L, 0—F—0DOWEH_KE—AV b %
WL, BRI Tmbb e/ LERVH Y, Bz e —F —0FRmE L OFEZ At
LZVWVEREE (Bmm B ICTE D Z & Lol

U v 7 BT 2R EE (Case-D) D — & —BUMIEDORER % Fig. 7-11 1ZR$, V7D
72V VREE (Case—C) D Fig. 7-9 L H~RB & B E 25mn B £ TOKETFIZRE LI-EKT
ZREERFED BN WS, EMERRTT VIZ L 5 EEMNRFEEIL 7-5. THEBRTS, Y
VIDPREDEBLNTWAZ LIIHESH LI VALMTH S,

T-4. MEFENOMHE

DEFY T

0 —& —BMECHRIERESRORBRETRBO R TEERARD - OEREGRIC L5
FYV T ETol, BRELIXPEFEEREZAWVT, MELZT-DXTEHRLE,

U;/Uspe,=1-tanh? (0. 8812/b;, ) (7-1)

T 2 C Uy WMEEFEN DB RAE, b0 1 1/2U,,,, FBY D 2 OfF CLEHEE) THD, BREL 2
DA UR_T—ftREE u—F —BlE L OFWE, T2 TRRZE S itun—F—L A~
T—%PRTHEN, v—F—DHREEHTINTH S, LOLS URT—FRETIR, =
Bl & THRAIFEESMICAEDERB &L u—F —OMEFN & DT RS DAENRTFETE
Do AU NRF—EIEDRNVEDFEENKE | ERBPEE T, HHBESBVRIAZE,
fhl5, v—F —BMBIIFEN DSV TR, EEERNICR Y EBREELRD S 2
EHWREEICR2D, LALKEORELRE, MERNOZREEZEICHETE 3,
SHRITHRI-REZ R Z RO, (T-DRAD Uy, by, ZHRAZRETRD T, BHIZHEW
(T-1) K& (1-2) X TRFT D, Z Z Ty=U;.x=z. KE¥ a. b iX a=U,,,.b=0. 881/b;;, TH 5,
BMECEM: O (T-)RUCHT D (T-)XI Y KAFKICET 3 (7D (T-6)R&2BDH, 72
B x EBNLE (2 BE) . v, IEHBETH S, (T-5) R, (T-6) RiZFEREI D=0, b 2 R_Hk
HNCEE X (T-6) K& T b HRD, T-5) R Ta BFHE L Upnbyp BREL,

y=a {1 - tanh?®(bx)} (7-2)
e=Z(y-y:)? (7-3)
de/da=0 e/0b=0 (7-4)
Y 1
= X —Lt /4 . . -
a (ebx1 + e-bX:L)Z / 2 (ebx:L + e-bx1)4 (7 5)
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yl (ebxi e -in)
(ebxi + e-—bxi)z (ebxi + —bxi)s
(ebx:L _ e—bxi) 1
- 2yj_ bxi —bxi)s =0 (7—6)

NEFY VIO

ARG —PERE, n—F—BEMEIC LD n—2—OMERNEZHAIL, FITEREL®
B 5, KEORREIZ, ERRO—EOBENTET LI2RICER L7-D T Case-D IZHY T 5,
A RG—ERETIIRE In/s DEET, v —F —OEER % N =345rpn (FHE 1n/s I2B
VB EEEER) . EHAIE % x=65.850,1700,3200mm & L7z, fli)5, o—4& —BijfiyE-ci
N,=345rpm, x=65,475,850,1700mmn TH 5, FEihn—F —KEOBEREE A <7 —FH
HEOZEZ A8 N=255rpm 2 NX 7z, ZOFRETIE, 4T —FAEL o—Z —Bil
EOWG TAERIONRE L v —F —REOEREE & O HERF—Icib, Thbb
0 — % — OEERE N,=345rpm DFEFHEEILV,=3.83n0/s 122D, 4 T —RETIIAE
DFE Im/s 2Z LI &, AEREOFNIZR LIEXHZ V,=2.83n/s &2, v —F—
HmECHEEZ & b¥ 5 & N=255prn & 72 %, 5HBI X © B7=nEdh % Fig. 7-12.7-13
WWRT, ARG —RETH z FRCT 2EEEEA K E | x=3200m OFEFIZEW
T z<150mm DOKEMEFIZRE Lo EEE{L 2 RT3, v — & —BUME T x=1700mm Ti
EEBELWREDBE VLS DS, LrLo—F —BMETHA T —FHE & gRioE
Enfk (1-1) XN TREATE 5, N=255pm THRERTH 5,

RIZ Fig. 7-12.7-13 DR Z BV BEENT 2/bjy . N U/U,,, TRR LR % Fig.
7-14,7-15 23 ¥, 4 U _XT—fAE, o—F —BEMEOR G CHEFTRIZIGEL TV 3,
FIEHBRRD/INT A —F— Ui by e D x FRDE{LE Fig. T-16 12T FBATAE L Y Uy
o1/ (x7Xg) V2. b1 (%) DMEE R B O Z EBHBNTWANR 3, fitting DRERITZ D
FEEZEMIT TS, 228 x i FEBREAT fitting DBER TREKD—o L LTRD =,

UEEYo—Z—BMETHET MERFRET, a—F —BIMETHEOND Uy, b,

Lo Tr—F —OMEHNZREATE D, Fhen—F—HMETEEBEZEZ TS, & -

TN DEARFETIED B 220,

7-5. ZIRFTiEDFHE &L kB2 R

AHEIZBN T —FZ —BMEIC X > THERESMIC L, (-DRIC X 25 E 24T
oz, TENEFNLOHBITHE LN TS z Al 11 BiEOEESHE AV, (1-1)RIC X 5%
INTFRIEIZ LY Up,, & by, B3RO, ZORBREEESFEZED Fig 7-17 IR T, £/~
Ujpaxs bj1e DFEHE, BKIE, R/AMEZHE LR % Fig. 7-18 127”7, Case-A.B.C.D
DNEIZ Vg DEFEIPE 2D | ZRITEDBHE N TV B by DEEBNIEA/ N SVAS,
INEZDMETORESMOAERREL, bbbz FRADOELEZZIFIC WEEIC
5, ZRENHHY VT OPFELARETH D, FFIZ Uy, OEEND/NE L AEEEICS
THABEBBLN TV, FEST (Fig. 7-16(d)) Tik. y=500mmn(O~—72 , — S8 7517
PRDOEIY BRELRoTWAHET T, OFARRIX 1| ROoBTUIELTWS,
y=500mn DEDHI T TVWAIEBHIIFHTH IR, RIZZDEPNFE L TWhiTzse:
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ZREENRE LN TTH S,

P ED—EOERBITHEALE x=1700mm) TH 2R Uiz, EHEL T 3HEMORK
WA % Fig. 7-19 12, BB H ORBRE Fig 7-20 1R T, KEDHEZ S LWEEFD
S B 0 67, In/s IZBVT-9~+2%0 H-3~+2%~DE R R A REIZ e o 72, A&
TIRAEBEOEESFOREZIToTORVDT, ZOXRZITXEELIIH—EDR
ENTETH A9, AIEMICRE I NHEMIC L 0 Y- NBRERL, ERL, ¥
AL, B DOEBENEETE =,

AUETHRLELLEARIBECERTHD, Z0BRLY e—%—DRUERKESRE
THYPHEELLT, r—Y 7 THEOHBORETER L, RICTF—Y U TORES
HTIE. kD LA O ORBORRE, RE. XY v METHL LT, DL EDOFE% Table. 2
IZRY, ZOEIIKEMEEEOFHREEL BEICB T AERICES Z LB TED

AKEMEEENERE SN THEHEIRE, BIEOBRETEL ORERfTONTE
T T DD RFR TR LIEBEREOFHRIEOERBENHE L WEE L H B LHET S,
Lirlu—F—0EE2 EIFA2RHOREL., BREZ LT 37200BMIToITR, &—
PUTICRTABBMIOEA, Tuy s THEOEAR, ZOSFTRUHDTORARATH
5, RUTHREDBRZEAILBVWTEELEALEROTHD Z L 2MHAT 5, A0
TR Lo T ZREENIMEHE Y > 7 I ET 0 ¢, AEOKENEHER SV IR+ 5
BEEEWICALE ST biv, ERXEBRIEOREFKE (2001) LEOFELRAEIZEASHL
QY-

AFRDOBAREDRHE L LT, IWHKRFDRIFEAE Q00N ZHITHZ LB TE D, FidyS
HORBOFELE LT IRy FERY | EHREINDIFEIRAVLENS, ZIX ) VOB
BOTHRMABIZEWT, FEOEWEFRICEOBEROMICEED ) THRESF2XET
AFETHD, ¥ ET—a VRBRICBWT, EEMOERS R 2 EENIcEd HiEL
PLTWB 2, RHESAOBD B LFHRMBSLET, REBEOLECICHKEBKREZEVIRS 2T
NI b9, BEBBVEDICKEOL ETFIRICRBITIZRX Y I O—2Thotz, R
EEEEI D EREDABELELTIHE LD o7, L LIV KEZEDOKRETIL,
AREORROEA, FKEOBRRBICETHIEMER PbhH Y. [Ny FRY JIFREICR
27t EbD, AREORRIFABICRECEREN 255, '

7-6. REGEN R BB R D LB

AETRAKIEFEORESAO ZREECEREZBNWEERZREZToM, ZORBER, RE
FERICIRE LI-FE TH D4, KEE2ELHEEMBORTFRERICE LIY— ] THRETE S
HEREEEB T& i, LAITHER SN2 olmZRITHEDFHMADEAIC LY, HiFDOZT
—VR—HERY EbAELEEE XD, L LEIFAREOFES R OBENEE Li-biT
Thel, HELEINBABEOMLBEENEL RofobiF Tidlzv, BT, 2Oz LiconWTE
2945,

ETMEBNOWENFNRT T o —FBRETHIHIREEHRLR2TERLRV, ©
Y EFEN L OHENFNRAI=ALEZBAL, FOLTIFMRSAZNANE
BdHHDTHRVD, RWIIRBRORFETHRIETIOIIBARS DO TiXnre) @
Bvnidicxt U, KEMEEEOEELZK 256, BERNEREALTIRHZ2RL
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4. ERAEOERABOREESHARREL BREH5E72 EU EOREH TIIMEEBED
EH, Thbbu—¥—0HERE, AV v bOBEGAZKRE), v—F—0EE, v—%—
FEICMLT SN 5 L MEFN & OBk, 0—% —OREHEE & M#EiRN & OBFRER ED
HHEAZHLRAREZLEL TS, LALERATIRIND ORBICHLTERY,

AYEICHT A ML, BEROMEMBICRBIT2FESH Fig. 1-19) ICENENDE, W
ERIDOFHES R Fig T-18) 2 EHEILTH L, BENRTRTHERLEZ LI REBAICED, L
AL ZIEMESEIC X 25HE T, BAZ2EAREESHEICERE L TEET S, Ml
Tru/HAheReg U IERE Fig. -20 IZ/R T, AT Case-A I3A X5 —EER#N,; &
N;=100rpm (Fii& im/s ¥8Y4). v —F —[EERE N, % N=345rpm & L7254, z ¥ —&FD
FEETHD, HHOHBEERIREKETHD, AFHAITIIEAORMESHZ2EE L.
JKIE AD ZEH DB & KT TR RVMIB TEL T3 TRE LTVWA R, 20T
FTARTSOBBEMELLTFIN—R LT WBO DT ORI S LI iR % Fig. 7-21
R, RO EHMEIRAKEIEE T/ E L (1 :2<10m) . FHTRE < 2 Y (1:10<z<100mn)
X HIZTHTIIMERNORIZZ2 (1 :2>100m) F i 274, RFEIC>WTIL B2 ED
2-5. TBER L7z (1 :2<120mm, I :z>120mm), 7272 LEEIR 1. D DED R 5B H L, BoERi
Tr—F—DHERERDZLIZLS,

BELEEL AL &, | (1) REETHIOKERETRE N, Eif(n) oBFBEENT
FIR(DICHERTINEWE, ZOKNOFFITERHEEBROBRLIE ST, &L LT
SR () DENB/NEVWRE I DIFRATHSD, LPLESEL ICBWTHIERTE %
KT & iR — 4+ A S EBEEZ R LR, F0 5 bOKEEEHRICH LT HE
NOBEELRER(D LEANO/NIVEBR(MHZZS LERASFBLETH D, RO
Case-B X —4 —EFEILFHFN=0)IZBTEHANTHE, FEEBOEIIIHTEELIT
CaseA IZElTWVW B, Lizhlo TAREAK FEREOXH) ORFRELRFFESORRIZA -
TW5, KREEEOEEEII/KE T (z=5mm) IZ8WT+2%ZE Y | BEIFRAE T 5 faE
RRIEANOKREVWTETIT) Z L 2R/8B LT 5,

IO IMERNOTEAZNT 7o —Fixbe L, K&EREINLZHS FEIHE
EDLYVOWBIED LS ITHETHO0L, FEACEDL S KIERATLOH, BREICE
HARRICHE_REDLOREZHERTIOIDOBRENERTE 3, ILNBSEZRFEED
Te D IZ R ERE OERE ORI LAMEE S, NEEERNC X o TH BAIKERREE c 8
CERROBOLNDIBER IR > TWAREERE LB 2B 5, WICELNBETKERBR O KK
EFFERLTWBE0THNE, Eidn—F—RIORAZERL, ERBRAROFRELS
BETAIMNELRIVED, SOIRAETIIAERNE In/s THRIB LN, EE2E X125
A, Pl idEmEs L EPEE TIIAEOERBOERNREDLY |, KEMEEEROFERH
DVEFLEDLVHED, BRATIEIMERNOBEREERTLEOL D ICHBT L O», B
DOr—F ke —& —8) REBFRIC b EATRENE I NS ARATHS, Yok > icH
ExExz, EZEY T, FLOBEZ LATHIERGRY, BINCE/HIZH Y BT,
BEROBEIZIMARTHD, ZOZLITE1ED1-3. THEL-FEHTHLE, Hb7=HT
B LR NER B2,
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KEEETFEOH—EDR LR, UTORREH-,

D#F E/NAEDKBFKEMEEEOWEREIIEH TH S, L LRE L BIEOHEHHBZEM
VETHD, RUBETBEORALBATARTH D,

Nu—F—DREFOCERZRETI LIV BRRIIARELERD IRV TE S, EE
212mm OFEFEENZT L, BHLOHFWEEEIC, BIE-RE— AV M 2.8 FICHX
T&5, n—¥—REROEEREY BT, FBIOREZbAZMEITE 3,
Nr— U ONE. TEORECEBRMIARTRT, ThICXYREQ &ETAODER

© R, RV v MEOREOR EXTREICR D, BEOKETIE. F— 7% 3 5%
LTHREOHZEBMNITT 270y TIHEORABENTH S,

4) KFENEEEE O EE L CHE 2 3HIT 3 n— % — BB R L, - OFkERE
BEDRER L REDO R TEEOFMISETE 5,

5) m—& —BMIE T b S IMEFRIVICR L. @Fﬁ RETNARERTE, MERNER
BFNVD NG A—F —TRATE D, BEEFELTHFHERED L2V,

B)KEDHOE TS L _XT—DHEB L THEAEZRKD, v—F —BMEZERTIIE,
B—HOUBEHBELIIITI LN TE S, LALRHFOFEBELDOTDIZHMED AL
=Ah, a—F =L - TOER LHESEDBERERALNILRTNIERLR
VY,

T ZRFENAIHIY 7 2BR L, AEBIIMERNO ZRTtEoR LICEH T, EEiC
XBAXETREZ D ERN,

8) KEMLFFFEHE DB — TR L, KEMEZ S “RLEROFMELER Lz, F#ind
BTAETEPDRETEHIR LR,

9) /KA IR R AR ORI T B IR  BR 5 18] 2 500mm, & X 56 250mm) 125t L, KEHK#EZS
DFETREFE In/s ICBNWTH—HE-3~+2%2 ER L7z,

10BEEEROEtE LTu—4F—tr— 7 o—BiEEZ R U RIERIZmT 72 KE
DOF R EYEICHTHZ LB TE D,

11) 2 L, T o AR H—HI BERTE 3, Lybchﬁﬁz Im/s IZRRE L7 fER T,
MR R BB RERLETH D, :

12) —ThH» THKEEHE TENITE LS, ﬂ’&iﬁfﬁl_&tﬁ%’ﬁﬁ ZEBAL2THERS
2V, BWICERIEH VAT, BIFOBEISHRTHD Z LE2RBBR LTI LR,
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Dimension is [m/s] , Au=0.02 m/s Zimm)
Fig.7-1 Measured velocity distribution (x=60, Case-A)
Yimm}
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Dimension is [0] , Aw/umean=0.01

Fig.7-2 Measured velocity distribution(x=1700, same as Fig.2-16(b))

Surface pipe Table.]1 Compared main dimensions of rotor

Main components Original Present
) standard type | newly developed

: .\. R R R I e External diameter 0212 m 0212m

&\ 2 Strength pipe Material of strength pipe 100A-secd0 150A-sec40
\ Surface pipe  (vinyl chloride) 213 kg 213 kg
\\\\\\\ § Joint rin Strength pipe  (steel) 366 kg 493 kg
/ AN g Joint rings  (steel) . 148 kg 53kg
End parts 5 T N e e T 0] End Parts (steel) ) 173 kg 244 kg
Total weight ’ 90.0 kg 1003 kg
Still buoyancy 100.9 kg 100.9 kg

I (moment of inertia) 241x10* m* 6.65x10* m*

Fig.7-3 Structure of rotor
h (em) —&— ¢ boax <B <bwin

N — e S ST

Adjustable app o keep rotating withaut eccentricity

Conventional stopper
\ Contracted spring - i Conventional chuck 2 =—s —s —e

__-._..l_
R s e T _'ﬂ 1 ——e— : Orgind

oL | S| L
-600 -400 =200

— This case is in refinishing surface of swength pipe in lathe installed stopper system —

o

200 400 600
Fig.7-4 Restricting apparatus of lathe machine Fig.7-5 Improved clearance of rotor
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04 {03 0201 0.3 <0.2 <0.1 Y ton)
-500 -400 -30 00 100 0 \\300 400 500
< é A\\-‘{—————g ll
= B ¥ > \‘ NG ——————
o0 {V ‘\ .
\Lo1\o2\03 150 L \01V02 V“o3
Ztmm)

02 |
o1 b Y(mm) 400  -200 0 200 400
o L L 1 1 4 T 1T T 1T 7 T T
Y(mm) 9
-400  -200 0 200 400
Fig.7-7 Measured clearance of rotor 8 t \ 10
9
///' Qz@m®
Ql@mm
Fig.7-8 Improved accuracy of casing
0.38 0.3 <0.2 0.36 0.3 <0.2 <0.1 0.38
Y(mm)
-500 -400 =300 100 100 400 \va 500
S5 ———— \L— Sy
IS—X A ] <—<C
\ o203 150 b NN
Z(mm)

Dimension is [m/s] , Au=0.02 m/s
Fig.7-6 Measured velocity distribution (x=60, Case-B)

--—Q---- : Case-B

—O0—— : Case-A

Dimension is [m/s] , Au=0.02 m/s

Fig.7-9 Measured velocity distribution (x=60, Case-C)
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Present innovated ring
to decrease secondary flow

CWC flow Slit

Fig.7-10 Innovated partition ring

0.38 0.3 0.2 0.1 0.38 <0.3 <0.2 <0.1 04 ¥(mm
-500 -400 ~300 \200& —\oo\ 0 /—100 \Q\\\oo 500
4 N~ ]

—_ - Y NN
X =
= % = =
——— e — e
S ST~ Y —
N0 \02N03 150 - N 0N—02 03
. .. Z{mm)
Dimension is [m/s] , Au=0.02 m/s m
Fig.7-11 Measured velocity distribution (x=60, Case-D)
0.0 0.1 0.2 0.3 0.4 Ula/s) 0.0 0.1 0.2 0.3 0.4 Uln/s)
] H T T T T T T 1 i T T T T T T T 1
0 0 T
504 50 |
100 -é—: Ujmax 100 - ©
1 bjl2 o)
—% —é—: Ujmax
g ] )
150 150 « by Okuno Method - 150 —$—:b_|l/2
> No100 o q
= pm - by Present Method -
Nr=345 p
200 ~Ztam) 200 200 .20 5 xf-MeasmPosiﬁon 20062(ml 2008 Pﬁ; g g:/;))
%= 65 X= 850 X= 1700 X= 3200 tea) Nr=345 (tpm)
: Measurin,
Uns0.390  Upee0.220  Upms=0. 174 Upees=0. 137 tarad x ¢ Position
b= 17.6  bye=29.5  bye= 36.0  bje= 48.0 tew X= 63 tam)
Ujear=0.318
Fig.7-12 Measured velocity distribution b= 51.2
by Okuno method Fig.7-13(a) Measured velocity distribution

by present method
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0.0 0.1 0.2 0.3 0.4 Uln/s)
— T T T T T 1 1 1
0 v

50

100

—é—:Ujma.x
-*-:bjm

- by Present Method -

1504

ﬁ g e
L : 1= Ipm,
20()O Zlmm) 200 Nr=255 (rpm)
X : Measuring Position
X= 85 1700 (el
Uim:=0.211  Ujear=0. 163 ses=0. 104 tuss)
byiz= 70.0 11/2=116.0 (ma)

byiz= 53.4

Fig.7-13(b) Measured velocity by present method
U/Ujmax

1.0
- Analyzed by Okuno Method -
U=1 (mfs)
0.8 - Ni=100 (rpm)
Nr=345 (rpm)
x : Measuring Position
0.6 O: 65 (mm)
@®: 850 (mm)
S : 1700 (mm)
D : 3200 (mm)
0.4
1- tanh 2 (0.881 ——)
bj
0.2 r—
0.0 L @ 4 B
0.0 1.0 2.0 3.0 4.0

Fig.7-14 Measured velocity by Okuno method

Ujmax= aj / %50
Ujmax (mfs) |

—0O—: 0246 | -0335
0.4 —~-: 0233 | -0.535

—o~-: 0.151 -0.500

1.0 8
- Analyzed by Present Method -
0.8 U= 0 (mfs)
Ni= 0 (rpm)
Nr =345 (pm)
0.6 X : Measuring Position
O: 65(mm)
O : 425 (mm)
6 : 850 (mm)
0.4 @ : 1700 (mm)
1- tanh %(0.881 —2—)
0.2 |- bj,,
z/bjiz
0.0 4 PHIT—=————10
0.0 1.0 2.0 3.0 4.0

Fig.7-15(a) Measured velocity by present method

1.0 UlUjmax
- Analyzed by Present Method -
0.8 U= 0 (ms
Ni= 0 (rpm)
Nr =255 (rpm)
0.6 X : Measuring Position
O: 65(mm)
@ : 425 (mm)
& : 850 (mm)
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Fig.7-15(b) Measured velocity by present method
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Fig.7-16 Parameters of jet flow model
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Fig.7-17(a) Measured velocity distribution (Case-A)
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Fig.7-17(b) Measured velocity distribution (Case-B)
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Fig.7-17(c) Measured velocity distribution (Case-C)
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Fig.7-17(d) Measured velocity distribution (Case-D)

Table2 A criterion on accuracy of rotor & casing
A. Accuracy of axial symmetry of rotor surafce (Dr=212)

Ahmax { 032 mm- | 0.07 mm | less than _
Ahmin | 0.15mm | 0.02mm | 0.1 mm { 60
B. Accuracy of casing (Dr=212) /E"_
0: : clearance at source point Prag <4 50
£2: clearance at sink point -
Origi Present Criteri
ginal sen riterion Ujmax (@) J 40
Qimean 5.0 mm 8.8 mm | less than
2imax 5.5 mm 89 mm | +0.1 mm 05
Limin 4.2 mm 8.8 mm | to 8imean 04 »
4 - -
Q:mean 7.1 mm 9.8 mm | less than 03 =
* Qamax 7.4 mm 9.8 mm | £0.1 mm ["
Q:min 6.6 mm 9.6 mm | to f.mean 02 |- Max.
. R . "~ Mean
C. Accuracy of inner surface of casing (Dc=254) 01 - Min.
Present Criterion o L L 1 1 |

Source less than
ARmax | +0.03 mm | 0.1 mm
" ARimin | - 0.04 mm | to Rimean

Sink less than
ARimax| +0.10 mm { +0.1 mm
AR:min | - 0.06 mm | to R:mean

D. Accuracy of slit of casing (bs=75)
Present Criterion

bsmean'{ 75.21 mm | less than bs
bsmax 7533 mm | £0.2% or
bsmin 75.08 mm | +0.1 mm

to bsmean

Case-A Case-B Case-C Case-D

Fig.7-18 Evaluated 2-dimensionality
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Fig.7-18 Original velocity distribution (x=1700)
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Fig.7-19 Improved velocity distribution (x=1700)
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Fig.A-2 Dimensions of diffuser

Fig. A-4 MVR type surface flow accelerator
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volume of measuring secton (ms3)

Fig.A-3 Volume ratio of measuring section
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Fig. A-5 Air bubble extractor for high speed flow



Fig. A-6 Water quantity adjustment

machine

Table.A-1

Fig.A-7 Blocks of nozzle and diffuser

Principal particulars of present CWC

Principal particulars of the Circulating Water Channel of
the National Research Institute of Fisheries Engineering

Established

Type

Maximum velocity

Outer size

Side of measuring section
Material and structure
Nozzle

Guide vane

Side windows

Bottom windows
Driving force power
Tranmissive apparatus
Impeller

Uniformity apparatus
1)Honeycomb
2)Punched metal plate
3)Net

Wave suppressor apparatus

Filter apparatus
Surface flow accelerator

Parts of rotor

Vacuum pump system
1)Filing of nozzle
2)Filling of No.1 corner
3)Filingof accelerator
4)Small adjustment

Painted coat

parts of base

Special apparatus

Carriage system

Mention specially

1989.3

Two-impellers driving vertical system (patent No.1278218)
3.0 m/s
LxBxH=24.5x2.82x7.89 m.
LxBxDxd=8.0x2.8x1.8x1.4 m
SUS plate welded structure, eleven blocks attached with flang
convergence ratio 2.6, two dimensional form

plate type, No.l corner (six sets), No.2 corner (five sets),
No.3 comer (eight sets), No.4 corner (eight sets)
LxBxt=3000x1300x30 mm, two sets, combined strong type
LxBxt=1250x1300x30 mm, four sets, combined strong type
LxBxt=1250x1300x30 mm, two sets, combined strong type

DC, 90 kw, two sets, Nuw=1750 rpm

V belt type , reduction ratio=1/45

Diameter=1296 mm, pitch ratio=0.965, expanded ratio=0.432,
boss ratio=0.25, "Unken-Type", Z=4, two sets, SUS304

280 ton

grid 57x51, length 400, SUS304

diameter=7-8 mm, Opened ratio 0.526, t=1 mm, SUS304
two sets

adjusted set angle type,

SS41 covered with plastic calking, Lxt=600x16 mm
(improved, 1998) SUS 304 plate, Lxt=400x30 m

60 ton/h, 5.5 kw

MVR type (patent No.1412919), DC, 15 kw,Nua=1460 rpm,
V-belt type, reduction ratio=0.65

diameter=315 mm

(improved, 1998) diameter=212 mm, introduced partition ring

plunger type, flow discharge 350+375 2/min, 0.75+0.75kw
plunger type, flow discharge 220 2/min, 0.4 kw
plunger type, flow discharge 25 2/min, 0.1 kw

above mentioned same 0.1kw type, two sets

oil paint type, green

concrete, steel net structure

Air bubble extractor for high speed flow

Water quantity adjustment machine

Automatic controlling, measuring and analyzing system
Carriage for experiment of fishing boats

Carriage for measuring of flow field

Carriage for experiment of fishing gears

Square steel rail upper both sides of measuring section
Intercepting dust net, middle of No.3 and No.4 corner
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measured date : 1992.9

Adjusting of wave suppressor plate

a=9
10w

2t residual error (2= / T ¢ °/0)
1ad : measuring time

~ Cali, Factor (ma/v)

about 0.2% to Cal, Factor (U0) = 16.4

(U=1.0 w/s)
seasuring under flow condition O 16.3

_— N . —

measuring under stand condition (J=0 w/s)

- 16.2

Tad (sec)
1t 1 ]

seasured date : 1993.3
L 1 1 1 1 1 1

| 1
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Fig.B-3 Error due to fluctuation
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60 zec
measuring point i€ 1.5 m from edge of wave suppressor

Fig.B-2 Fluctuation of free surface

60 sec 60 sec

measared date : 1333.3

((mm) Dﬂﬂl

neesuring from 0 to 6100 (m)

-l | 2 3 1 5 Kb
seastred date ¢ 10831

FigB-4 Level ofrail

@=0.33" (optimum angle)
+ 0,8 wm water level under stand coodition

U= 1.00 (/s)

M-condition :
"9
Ok

: mode (analyzing length = 6 =)
: phase angle
+ amplitude

—cxerl b
50

30 40 60

20

FigB-5 Spectrum on wave profile

K23 : changing 0.8 = water level under 3tasd condition

conveaticeal method
CASE-4  9sKdel sl
SE-B Xde} 29

M-condition : @=0.33" (optimus angie)
1sr : length froa edge of wave auppressor to FP

FigB-6 Free surface inclination
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Todd60 (Cy=0.60). Ty/LppxToLyp=1.0x0.5, m=0.01385, AC,=0.005
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Fig.C-1 Sink distribution of double model flow
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Fig.C-2 Pressure distribution included blockage effect on wall surface of measuring section
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Fig.C-3(a) Pressure distribution on wall surface of measuring section (Case-1)
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Todd60 (C,=0.60). To/LppxTo/Ly,=0.8x0.4, m=0.02165, A C,=0.005

Fig.C-3(b) Pressure distribution

*/Lyp,

on wall surface of measuring section (Case-2)
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Fig.C-3(c) Pressure distribution on wall surface of measuring section {(Case-3)
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Fig.C4 Increased velocity due to blockage effect on wall surface of measuring section
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Fig.C-6 Increased free surface inclination due to CWC blockage effect
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