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1. 1 WO

1. 1. 1 K#EOLE

FS A AR BR AR DR S 13 18 AT R DERIN TO MUK DI SIEE D, D% R4S H
MUK & DT o 7o, RICHBL U 72 Bkl S HEERRBA R O % v B 7 — 3 3 Lokl
T 1910 FFIZEEICE DN, TO®%T ITHORFHIZE b, BRAEIZOWTITIEES Y,
HEHE Y, @Y BLOINEL Y BDKROLIICER LTS, v BT — a KR HEER
HEDX Y BT 4 —DORELZBIERTL2HTH7=OIZK L, BIFEAME AT DY 0o
B2 A FEHBZ 1933 I~V Y oK) —MfanizeEr (VWS) IZEb. 2K 163 m, &
X 6.58m, HITHES 699 m OEEIFERA THS. 1944 2T 2 b 2 OKIFEED MRS
AT (DTMB) (23 5 4 7= [AIE AR 13 RN C K B AR ©, &K 447 m O TEFERY,
PESFETEE 183 m, 8 6.7m, AKE2.7m, &L TRAMEILSIm/s THD. 1965 Fi
EONT-A XY ZAOENHEEHFIEAT (NPL) O/ & EEERH C, 2K 120m OKEFEER
BCHD. KT~ BAKEDIZHEDIZRICA T TRRIZEOND. JIEH-HEILE & 18.0m,
& 3.6 m, KiE24m, HRAIHEIL30ms THD. 30 m K SEEHBRAKK &ML 9:1 0
ALY, BIEFOWREIFEEREG LN E S TWd. Bk T E < 2 BRI 35E
Riesiiz. JIED Y 1IZZOMOKEIZHE R LTS, VWS O (1974) 9 1 3IE 3B
ATREZ2 % ¥ B 7 — 3 a VKB T, BIEAKEREBROZEMEZ & 6 2, KPR, AR, 7
7~ T HERER S K O R 2 B0 L U TRt S iz, @B AR5 WFLE b B E
STz, BEJERA CTAR 54.0m, WEHSHETZES 11.0m, 1H50m, KiE3.0m, %L Th
KRitHIZ 40m/s TH D, JEHEIT ETICBEITE, RAKRE OKE1.0m) TRRIEHEH9I.Om/s T
b5, PERBNOSFICLRN 2 E, SEOMBEBEEESEASILZ. Lo L5740k
FEZNREH 910 T, R ICHE U RN E 2 TRRETH - DO L TR, U AT —
NVRFORFE (1980) 7 1EARE 12.0 m OEEAFGERL T, KET 90 ton, HAEH HEITR S 4.0
m, & 1.6m, K% 0.8m, = L CTHAIEIL 6.1 m/s TdH 5. Kempfand Remmers £ (¥, Cussons
) WS 2 bbbV, Fr T —Ta VKT INHMAZ A S, ®EIcET
LHEFZHINEIE O EHELE SN D . KO EFAKEDOFRIZONWT, JIIEH Y OftikEEL D5
ERD XD D, BN W THIREMENE B S 4, IES-HEORKAULES X N E(bE o %
FHART O L VERRIA] LD 72 D O BN OBAFE 3 T o4 7z, Loy LYEREFHMIZEI L i
T O S KIFFED LN LD, HHERmEIZER L THHICH1b 6T, EEKI X OVKH
HELOE KIE720. TR EERE 2 R I FE AR S NT, MEREZ HTAOICH O BBz Ly,
—77, FETITA &K 70 FERTO 1951 FEIZHEUKBER S (1, BUTHHFERST) Y 12, 1953
FICZZEETE BF) BIEHFZEAT 2 ICKFEEERBLNE STz, 2 0O% OB EORIFEAKE D2
BEMEGL LR LTHERY, &Y, MY, B BIWIES Y OXEEHIT 5 Z
EMTED. KMOEELEFH—, H, BB IOENRIZOEE L T\ D, 2% Table 1-1
WRT. BB Flume OKBK) EFRS LD KFEAEERALC, Wnoafifbr E &2 EHE
U EBEE A ZR LAWK TH - 7-. Figl-1 I[CHEFEKEREOKEOFERK 27T, 2F



425m O/NTH 5. AT 1956 0 DR E S . A OMRER E D70 D SO HEI,
TRBED AN ST ACEEERTLC, Wi Ak e & OEPER 72 R 721 Tl <, HRPTaBR,
BEMEER, 7 a7 BAGER, S0 XU CTIEEHI O LA E v ofith o FHlE H
e LAkl Cchodz, & ITIBKMOMEROMEE, “RKTBEFREOMICIZEMR L. Hiit
PEREZ G DAMORBR LIThh., RFEZPLICRE SN, TOREL LT, Bk 10,
FORORFM AR R 1D, JIIRFE T3 (BF) 2 BR ORISR T D OKiEEHITHZ &
MTED. Fig1-2 [ZH R A TR oM (2K 11.0m) 2R3, =103 1966
ENDIGE -T2, AR 162m O=HiEf () D BLOER 26.6m O AAME Bk (B, ¥
¥ N ratATy R (BR) WRZEORETHL. WTNHEEMERE, K AR
L, HEARRNT/ N CH 50, WK ICYE U B R 2 e T2 2 L 2B
ELTe. YEEORCKO KBRS Lozl e i s 3@ mn £ <, YhREf Loz bick
RUKFECHEREZMERE L, & DICKTEOT BT & BAFE S 41, AR OBRE)F K OGFHINIT T
ZaAYEa—H—|lLH VAT ALEAIN. ZHER ) OKEE Figl-3 R8T, —F
THEEF & D IXEEE SRR RIT T B A BT 5 L & I, HEIIR & ETER S
& OBBBIHRICHONTH BT L TR Y, EREIFOFE BN ATbN . £0%, /A
510D (IEPEREOKFE A AN U7, BEERMZ R E 72523, H AR O KA KIE LY
HAREE DR LTEFE A MR X MO EXKD Z LI L. ZOKEIT4SH
DOEIGEAEZ S U2 b O THEUHART LRI D, JIED Y 1L OMROFEAEIZONTE
ICELDOTND. 2 A4 _XTHAOBEZEARME L, /AN, T4 7a—%—, KFa—F
—BLOTA FR—2%F, FHBRORBELZXY, ZALRTE Y b EEREOKE 2 B8k L
- FROK AN RAL O NEHIF M DO FERIC AR W KT, /INE DI =R R S o e —
*m®%ﬁmmL‘%m%&ﬁbfmﬂmm%%%bt Z OFAIZ X0 K TR O fiE
SAAO¥—MENE EL, S OIZEES 19 (IERRAICRE R v — ¥ — Rl 2 R B ik AR
L7z, FERDESEHE Z L0 @ EICBE L Km A O/NS WKL L, Sbliaxyaro
EONIT J 0 Bk & fghT o B MBS 2N A, [ERAKERBRO fREtEZ @ 5 Z ST L.
2R 148 m OREMZ2KME L Fig1-4 1I-T. Z0O% b EMMBRILER S, 4 H TIEHEL
AT D & BRI D AMECEAT L, K0 T2 H OB N OIS & TR O PRI 72t B 20
720 Tl <, AKREFR TR GEAVIN TS m A LE R E 2D, RIS L OVK R E R E e &, kA
\ZEEf SN D RO BEREM AL R, RS TS, X0 iENASMNEIES —, EE
WA/, KE AR ED, —2 07 (WEAE), KAZEE) 2MED, IBAKIEN B T X 5K
RNEHL TS, fcH DKM % Photo 1-1 (289, &KX 17.5m Th 5.
YA OF DS E O AE L, A Ok L 72 EREIBZRIC LV, FFIC B R O RIE AN & T
RIS, R EKIELALE DI CTE 5. RBHRMPEE L OESMNES b B AAE X
2HHY, TORTHEOSLZ AFEBEOF 4 HRAITH 5.

1. 1. 2 FHOEE
5 AR, BB = AR O KR I O PR ERRBR D 70 B, MR £ D OIS DL
WIEA SR ORRICEIR L. Z2<OXMOTNL—fHE22ET5 L, HHEDL 2 o



IVUIBICEET DM, WL EF D 229 IS UM 2 OBEFEIZEET 478, B 20 OfhESE
SIBIZET DHENR H D, T OFEBREINITEILEIHAAE ORHRI 2 G MIC L 2 b DT, 4 H
DFMNIZ NSOG8 < UTIAE L 72V, HAIOEEKAEIC K D ABBHS & LT, i

5 I L DMBIIRORMBIRITERRZ HIT 5 Z L3 TE 525, € ONHRFIERA) 225X
WEETH D & Sz, 1966 FIZ KRR FEE L. 5 1 oS 2 IC20 L
LT, IR THPTRR D rlRE IO E L 35 LR EN TV D, TORTH HARL
5 = AP O [AIHE K 2 W 7o R B A ) OIRGTRER M T 2, [T 31 2 B TEER o
FEREDSIA BN S, [ARFSKIERE DS FHIR B I LSRR b 7 v — X7 v 7 sz,

[ AERRER TIEHIRKEE BN R E W &, BRI SAAE L 722V K AR O 28 SER
TERWIZ LT BRI B 4L 29 10.10. 29 oK A)FAEH OB IEEOJFE T E 7 1 Tl
HHME BTV, Lo LIENRAKRERR ST K 28 51 0 3R T /KAl O Rl s K & <
R0, BIEOHGEINETH 7. TO%, RIFAMEOESEERIILBGEER O 2 77 TTh
NTE. [ KETHIT, WA, HlRKEZE L OUKE ARSI T 5 2 iR
SHLFELCEIITHEAT2E VI BEZRFERIME LTS, BRI/ 0/ S 1017 3,
GA Ty CREM) 07 — 2 2 T/ X2 (A1 KRS RRBR S 2R 2 AR
% WM AKAE AR L~ WIZEIE L, MR O BINROMERE 2T T2 <, Efo MRt E &
179 FEERFE LIz, Z0%, ZOHETHEMNEAI AR N LM OEMPTICER SN D &
EBITIRED, SRR 2 oD S O E EA 223l 2 42 & 9 D IRBHSE S, Bl AKAE
MHERNTEM SN TE 30 ™3, —FT, Job 2 ITHHD 30 [ TEEEEE 23R E L T mEit
DOPEARFHBROATRENEZ /R L, B S 37D 13K 2 3% & L CTRAIR O 1 2 1Rk 2 ATk L C
T DRPEE T LTz,

VLEISHEEMEREIC ZIR Z W 2B CTh 523, [RIFT/KIE T BHErEREIC B9~ 2098, 7T 0
BYE, AR T ASEORRBE R EICHIEM SN TE . Flokifo by 7 2 & LT, FHIE
IR 23 22 RS 2 5 2> L7 PIV S K D iRt 39, ARG D 39 OBRMEMERERERIZEE 3 2 8
LWiBREZ DI 5 Z ENTED.

DS ETEFAE ORI T, EMPEREOHEE 72 &E BRI 2R 2 B8 L, B DFERE
ETFTEL. 2L TKMEOMERIZM EUHEEHRE L RIS KEIZEITL TS, L
LM HARBI O HEBLLIRE, 7R&7e08 SHEEMEREICR T 2IEHOERITIT L A AL,

1. 2 BHEOHISE

1. 2. 1 FEMoFEMmIEREHEE

AR OHEMEVEREHE E CIT KA X 5 KB N EARTH S, = 2 CTHRIkD X 5 12/h
B O 10D L, NIRRT X B AT 2 KA L~ VB IET 5 T
EaBTE LTz, ZOFETIE, FHllS WIS B & SR IR UR B L TH A 7o v 7
GEEWRED OF —ZIZLDIEERKET, ¥4 7y 7ORBKERBERZLEE TS &
LBz, RN 2 iRl ORBR AT ORI 6 TR A EHE T 5. Zoolica X M X
OFERIZNR CEER A2V, JrAOREAE ORI FEOm S #HETS. Lird 2 fBlCk L
THEEKREDEM EAE U Th D2 RFEE72R <, [ERAETEH O 72 5 F i OB Bk L 73



TR SR VEETH - 7.

—J5, B FNX— (L& X DR O = — X%, KREREGHO 72 SN o/ NS
THENR - TE Y, [BEIFAFERERD BAAERBR L 0 BB CHRERNESE O Z L ITERTH
DA, K0R=a A N CHEBIEIC MRS O DB FIEOERITEFIT L A L0,
FTo, MR PFEL RESZBLLTWDHH, 16k E E2R D8 72 AR O EMMEREHEE 1L & A
Ty T E DI K D TFIETITEEL .

1. 2. 2 JERROMRBH

WA O & HEEVERE, FRIOBIRICBAT 2 EEHIR O TV D, IAIBRRHIE LT, &
5 40K D0 R OMRIBESS, KRS 4D I X D~ 7 a i omEEEss. JIES 9 (2
L DM EFEHE O LD OBRRE, KD WX DEIFTEMOMABIRE BT D Z &0
TE%. UET—EHTHDM, FEmIcMELTHD.

FRIBAZE A3 > F VATV T 22 o 7oA OMRIBRSE Tl, MR OE S & 2 odEfa it %
BOREICIA 50295 Z E BT, Z O HMO 72 DITIZFARBL R OR A E BLIC T & 5 [k
M LTV D, ErEaO MBI TIX, KPEIERE 2 o T B O EUEE I E FIEATEH &
, T L EEL LI BRERIR % (CFD) A /7Y — Wl > Tnd . Lol
D DI OREIBH A~ OBEHE FIEOR AL, ERBEGNRE S OEHETH L0, 1L
A EFTOITO R, IR OIEIBRS 2k L Clali K ER 2 £ D X 9 2B CIEH 3 5 D)y,
BERIA TIEE EO X HITIEAT X&), U TR R O MELBR R ~ D% A3 KA
s EWITED X IR DO OW T UlziisCid e, IR = 2 R AMHEZ2,
fiy & VRE R D ifRR A 65 & U T [RIR AR SRR O AR BH S ~ DVE FE OREEN BN 5.

1. 3 A#EOER

VLB, RSO RERIC X DB W GRT A 2 L2 BN E T 5.

R BR R RBR TR A ST D B MU R O KRR E 2 B B 2812 L, PERESEE AN HE A 72 7Kk
TH PRI KT T AR K E WHIRK R L K ARDIER 2 BT 5. ZOWIRELE
W, RO O BT AR SRR SR & AR 2 LhisRa L, 21 7w
T OARERERFE R 72 < Th, BRI R4 BATKERER L~V ICHEE T& 5 Fika iz
FI 5, TLCEOFEOHERELZRL, 2 A MY, BRI O Y05, MRS OhR
o EICESTH D Z & ERT.

WITHARZ xt G & LT BRIBR R TR 5. M OMAIBRR TR i Sh b
Z L ANEE T, CFDIC L AMEIBR L EENL, MR OT-ODOT =4 X—2A L HEEINT
W5, L URFIANTIZZ < BRBRICHE D DT 5. 2 FREEO /IR O fyR B 56 554511
L0, Lo RS & OUGERRSEE B IR B RIS RER OFENE, Zh bMEtoE
PV, B K OMUERH R FIEOA R Z0E FiE 2 BRI L, P & 138722 2 i3 5[
FEARERBRIZ X D IEIBRRIC OV ORT. £ L TARTEOZ S ZMREE L, IO MEIBT O
BN LA TH D Z L ERT.



1. 4 KFXOERK

AT L DORERITIR DB I LS.

552 ECIE, BN RBRICRE L KT TIKF & LT, ARMERRME & /NERBRI DUV TR
L, AKEMEREIIEGES N TE TN DA, HiIBRKEE I K OUKmE AR ERHTRER 12 KT 580 K
ERANR i e

55 3 B CIL, Series 60 AR D [EIGEARE & BFKFEIC K 2 HRPEBRAS 2 el L, [RIyiK
HCIXHIR KB EBDIEENRAIR TH D Z L Z2md. DETHIRAKZE L K A8 O/EH
DED XD 72MEITH D D% Taylor BRI THATAIICEZZ L, [IEAKIEIC X D IEFEERO R
IOV TRT.

54 B TIE, PAfR ORI HER OMATIZEE L T, HRHTaBRESE SR 4 RIS R AR L
SRUUIEET 220 FiEE2 RS, EEAHORR S 10 FEOEMIEUZOWT, HIBRKE
SO &K AL OAELE 2N Z 7= TRl A A O BRFTERERAS R4, BRI 00 RBUBRIH TR & b
L, S EGURE & TR BRI OFEZ A DT T 5. WICH A T2y 7 CREERD) o
T —H NIV TH RABEARGTERER L~ VI IETE 2 FEZm L, ZOFEOHEERE
ZERICEHET 2. % L CRERAMIC X /IR (BRE 20 m) T RAUKEIZL S
RAEREER (R 5~7m) ICHEUTSRERN/EGEOND Z L 2R T.

55 BmCIE, BN RER O OARELBHFE A~ DTG FH FIEICOWT, BARRIT/ MY~
fi & EEMEEACEN L7 RE R L, TOZEMELZRGEET 2. BRI X D2MEE DY Ol
N OBIEE L RFEABRIC X AR ORI R Z R L, 2 0dGER#EZRICT 5. ZOE#
b S ACHUEEIE TE (BRLER T R, FERAET IS, Rl b TFE, CFD) ZRAITIEM L,
W R 2 BRI 35, % L CRIARERERIZ X 2 AR F1EOZ S ORRGE % I ZANE L% i
C, /MEER (RS 1.0~15m) BARSENTE LI & bRt

%6 FETIX, ffam & U CHENRAMRERIC X 2 WRBIFRIC O W TRIE L, 5% OBEIZ DN T
BRI



Table 1-1 Development of circulating water channel in Japan.

generation Ist 2nd 3rd 4th

term 1951~1955 1956~1965 1966~1978 1979~

main type horizontal horizontal vertical vertical

features flume nozzle and same as the left same as the left and
rectification and free surface | two driving system
device accelerator

main application | observation investigation of investigation of | resistance test, self-

around hull using

flow visualization

the flow
mechanism
around hull using

flow visualization

the flow
mechanism
around hull,

resistance test

propulsion test, flow
visualization, actual

ship prediction

velocity

deviation*

10~20%

4%

2.0%

1.0~2.0%

steady wave

height*

+2.5mm

*+1.0~=*1.5mm

water surface

inclination*

1/1000

1/3000~1/10000

*) at mean velocity 1.0 m/s.

1000

T
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Fig.1-1

First generation type - Tokyo Fisheries University - 2.




Fig.1-3 Third generation type V.
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2. 1 KPEBRICEL RIFTIK T

WROYECE O 43 B ClRIEAKAE & 1, Fig2-1 (IR T HHRERRAA L, KPENGET 5 KL RS
AR AT O R O K O L O H IR ETZIRAHRBRICERR2ZEL KIFL, RO KRE S
XML 0 &/ N7 D RIS OREE & 23 6 BB RHTEBR I KT8 o0
TIE, ZHETEODLOMEN /2SN TE 2. &S 2 3R 0 Ao o, 3K
PEHNC B4 5 HE R R RIS O W TRIKTEN L B EIEOBRF 21TV, S BICHEGEHHIOREE
WO L. & LTRGBS B a2 5 2 28K & LT, (1) ds4m DRk —,
(2) /Kifi (AR D, (3) HHREmIZELHEER, @) HIRAKE, 5) h—rr 7 (iH
i, KAEE) 22T T05D. EOYRFO R IXE AR E 72138 = AR THY,
BUEDRFRARE AT 2 MEREZ A L T S IEE0EELS, Th < OBz >\ T
DEGURE DO K/NDNANL L, KREUERUNC L 2 WK OZ & —BT 5] & v 9 EVER 72
WO X DI, TOERHIE BN LFHMEIZOWTHREN H - 7=, —F, S 19 1%, HREmEIC
FAET D B O @I B3 5 Froude-Krylov 7123 RIREUIC R IE 823, 5 =0.7 mm
FRECTHIUIRMEZR VD, =2 mm TIHEENRRENWI L 2R Lz, B YRFO K DO¥ &
IXREVEE 1.0 m/s TE2 mm F2EE T, ITFEOKMIZHARSD ERE V. JTE, JIED 949 (3,
KEAEE 7 OALENFEL, SR & KEZ#EEICHETIVIEEEORmZ/NSL<T5 2
EATRET, £ K ) R A ITITHEUC RIT T RBIES LOBLEN O ITER TE 5 2 L 2]
H5MZLTVNS.

RECARE, [ K A HTRRER (BB 2 SAE TR Ao T, BRI B D A
B 72 EIUHRAKIE CTdH 25 (BR) 79 A ARSI 5 2 [ A GHUESHE « RS 6.0m, 18
20m, KELOmM, RAWE : 2.0 m/s) BLOZOKEZIHIT AR (A E X 2.0 m)
LR 5.

2. 2 JKAEEEE

R R4 (H B R 2 < TR JOMIBELE 2 FR<) DML, 5T Tk
REWHE 1.0m/s 1ITT 2.0%LLF P T, HHEFEIHIZOW TS RIERANELLEIZ K0 @Eezm
STV D, R ORI s 7> & OFEEE x 1238 2 S J7IAi#E /010 & Fig.2-2 1OR
7. SHEEOREGH (0.35, 0.70, 1.00, 1.30 B L 1.60m/s) (22T, #EREfEx 23 1.01, 1.51,
201, 251 BLV351 m OALEICT, HHEKREEFHEDHAKEO0.125m ETOFHFERTH 5.
TN < 72 D & AKIRF WA OMRZEI R E < 72508, AFRFH 1.00 m/s 12T 2.0 %Fe
ETH5. Fig2-3 ([ZHHE x (25T DK% 0.125 m £ TOWEEALDOEIE Vr Z2xd. FHElEx 28
151 m A& (B FPIX x=1.50m) (231 5 Fidia L LT\ 5. RufitnsEE|c
KD IEBFOWAE T, B BHREATOVEEILHEEA D OB D IR T35 2%, KiE
0.125m £ TOFEHTIE 1.0m H72 0V 02~03%DENK F ThTNThd. Fi-KIaBEAZ
REWH 1.6 m/s LLF TIXIE & A CHEW. AR O EA ELIVZRATUKED 0.1 %253 L
T2%RETHD .



AL B R E R E RS 3 % Figs.2-4(1)~ @R 5Hl L 72 AR E I 0.40, 0.70,
1.00 B LW 1.30m/s T, EEEOW S, KER IOEEE BREIRZEITTEROHEMN & i
K& 725, Fig2-4@)WRERHHE 1.00 m/s OELER OB mE I, BRI TR E S5 K
225 1.5~3.5m OFPATIX £0.5~1.0mm TH5. REFH 1.3ms (B 2.0m HERTTL—
R4 0.30) FEEEE T THIUE, Froude-Krylov MR ARIUIZ LI THBITIT L A V& HE
ESND. EEEOWEER LOWEITFHIFTN T—E T2 <, KRB RZICHET DM,
AR W3S L QM 7 ASER DO MM A B I AT DU, 72 b ONZFHIIE#% 5 DE I
RS BHRERERICEELE KIEL TV, ek, REHE 1.00m/s 12381 5 H B RREZBIT
M5 0.5 mm, JEH]45sec. THS.

HHEFZEEKRZQ-DXOET LV EMREL, K/3T7 A —HF % Marquardt 15 47-49) (2 X 5 IE#R
o/ " IEIZ XL - TR, Figs.2-4(1)~ @) FEHRTRT.

H(x) = (ag + a;x + ayx?) + {bo + by (Z%x)}cos {CO + ¢ (2/1LX) +c, (Z%xf} (2-1)

T 2T x XMW D OB, A 13(2-2)ITHE SN D GRS L D EER
DEETHS.
a=yz (2-2)
g
K AR (RS Z BRWT2IER) 2Q2-DIF D (ap + ayx + apx?) & LTR®, Figs.2-4(1)
~@IZEMTRT. KEAEIZ—E TR, JIIES 99O ICXksTRWEERZX 1T,
SR S AT CIRIC e Y, KEAR T e OMNBRGEETS. LT, ZOMBIEAK
OB ITITHIFEAR D SR 2.3 m OMLEIZH Y, Z OMCEIEEGE 0.70, 1.00 3 LV 1.30
m/s LA EZDLLRV.EI 2.0m BB A RS 1.5m % FP.E L T&ET D &,
FEAR L 0 2.5 m OALE & 72 2 MR T R I3KE ABL AN SWALE IS e 5. 7o B /KIEN TR
Wix, BUERRE, BIHE T 7 A OB A L OUKEREEFEIC LV EZR2RFmTidn,
ZOZENHBRERICEELZ X2 TnD Y.

2. 3 A

B8 KA CIIARRRER (2 5 2 5 il FR/K IS B X KA 12 LT & <, AR RS T F V2 okt
3 B R Fre KRR A L, R O 1/400~1/160 125k L CRIFEAKME 1T 1/80~1/40 TH 5.
AR, BRI R ﬁbfﬁmmﬁizP&ffﬁmmﬁiﬂﬁfT%@ ﬁ@@mﬂbf
FOLAAE 1 10 (5 FREE CHIVRAKIEIL 6 (FRRE CTh D, KIEIE, AR ISR L CRMIKREIX
FREEDL ECHEEAMEIESTRE CTH Y, MIKIZ ﬂbfammﬁizMﬁa*fEmmﬁiuw+
FRECTH L. AAEHEWT i ~HE OB AT 2841, RUKFEZERRAAE O 2 (SR
b5, ek, BEKMEFHITORE SIIHAMMED 3 ERETH 5.
SaM60«k4m)Wﬂ@ﬁﬁﬁﬁtmLi2o£iwzsmﬁ@@%&ﬁﬁ%@mmbiw

WEBRI K % Figs.2-5(1), IR, BN FP. (L@ IR Em L D 1.50 m T, 3

-10-



TOBRTRILTHD. GLREESE LT, =7 4 %A F 9-121Z& S 2.0 mm, [#F&E 10.0 mm
TAY Y R T XTORRTRU L 51085 L TO0 5. SRR - 132-3) TR S,
77— N Fn (O B2 RER S IIKBRBE L TH 5.

Rw
r = (2-3)

2
pV2v3

Z 2T Rw GG, p lIKOEEE, VIZ—RmE, VIZHKREFETH 5.

Fig.2-5(I)IZFHAIRE R, Fig.2-5(2)1%(2-4)=X0 HAT O 50 THIFKREZEDBE I EZ B Z 72 o7

TR Th 5. BEHEIGUREL CrlT Schoenherr DR, JRARFEAREL K OWRTEIL Prohaska SV Dfi K
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Fig.2-1 Schematic diagram of a circulating water channel '®).
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Fig.2-2 Velocity distribution.
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Fig.2-5(1) Resistance factor K and r,, without corrections -model length series-.
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DIERN & 5. % Z TR RER & TR RRIC I 2 HI BRI B A LR U, [
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IE LR Z#R (seed-data) TR, HIBRKEEEIIME CX2IZEOEAETHS. KIC
UT-2.5m DO fBRABREEAELE LR Z Ay, ZROMEETRE S 6.0 m & 2.0 m BAIOHK
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\ZoR LTz EIKRE (CWC) CTalliR L7- & U CHIFRAKRE O 8 E 4 il L 7=, Fig.3-1(1)® SRC-
6m O—mHHR, Fig.3-1(2) CWC-2m O — SR IMEE L7ZFR TH 5. ZE N DHIRAKE
B ORISR AR 63 2 B KBRT A D EIE) m % Table 3-1 (2739, [EIR/KEE DOfEILH,
WIAKE D 4~6 {5 CTH DMK EZ V. BMHLAKHE Tl UT-2.5m, SRC-6m & & IZHIlBRAKEE DR8N
HHTEXD L THDLOICK L, BIEARE CIXBEICFET 5. & 51T Fig3-1(2)D 8 #
MEFKAE DK AR DOIEHOEEMRT (F4EOHEILD) , ThHEHRE TSRV
JVTCIAET S
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ANRIRRLZ X B Al KR RBR O FHIPRE EE A3 1A EC & U, TOMEIREL 25 LD 22N
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278, ZOBFITRBPNROEm I A EW® L, FHIGEZ U CHEMMIEROHEERE DM Lo®E
AR L TND.

3. 2 MlFRKEZE
3. 2. 1 yeEHOHM

HFRT O O TIIHIRAK R EE L SFEREOEME LTnd . ZOX DRGSR CHEH s
MR 7V — N Fn D% E LT, ED X5 RMEIZH D D) Taylor EEH TH~7-.
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n_\/gLWL_a_Fnz 59

1 1\?
AFn = Cy Fn+aFn3+(E) Fn® + - (3-4)

[B] KA & BUTKAE & O E 71— REUEIER AFn OEGHER R % Figs.3-2(1), QIR
. [EEAEIX =05 (h=1.0m, Lpz=2.0m) , BHAEILa=1.0 (h=6.0m, Lyz=6.0m)
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W

3. 2. 2 HEh~D1EA
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IREHA S B PURETH D, (3-5)% Taylor BEHT 2 £ 3-6)X L 72D ((HEBR).
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1 1\2
Mkz—maam*+aFﬁ+(ﬁ,ﬁﬁ+~} (3-6)
[E] R KA & BT O SHCHUR (L B [l % Figs.3-3(1), QIIRT. #hE 70— o
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m, Lyy=60m) & L7-. @ikl 7en L E 7 v— N Fn OB REOERMNIEEIC /5.
3. 3 KEaEd
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(3-9)=X\% Taylor JEBH 3 4ULXB-10)X %2155 ((HESH).
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a a a

K AEL 0 D RPUZ RIETERIZG- 1A TEEND 2. ZORPIE O EMyEE (HE
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BRI RIETER OG-6) LB TH S, LIzid o THIBRK K & BAEC sk 72
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3. 4 fRET O

[l KAE DFIFRAK BB L OVH AR E OERIZ DN TIE, IG5 49,46,49,59.50.57 12 I
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MEZETHEHATEDLDONHENTRV. 72 BB LA OFF LR L5 X =
AL Th D728, FHIREERIZRET DN G LI L 52, S OITHEAMIZ LS
FHUEREE A g O AL BEE B O & 7e o ORI AR B L 5.2 5. 21613 RHRW &
LIEARTETIETZ + 0 —T&E RV T, BIFAKMEIC & 2 EGEAR O T CEE R4 % ORE
Th5b.

%72, Schdenherr, Hughes, Prandtl-Schlichting 33 X OV ITTC1957 DOFUZ L 2 BEEIKH IR Cf
% Fig.3-4 (R T . ARENIIRPTERBROMIT 2 B L TRE 7 L— R Fn E LTV 5D, 4 RKO#
DEFL=2mPREL, TNOLOHERGFERTHD. O IFEEEHURE C OBl
AAEFRER CIXRMI AR E L TEETHLZ L AR LTINS,

3. 5 M5

[ER A I 31T 2 il RS B L K AR OMEFIC OWTHRE L, LLT O 257,

1) Series60 AREAER 2 C [RIFEKAE FRER & BMTAKRERERIC 31T D H RSB A g L, £ D
TER B AT, [ AAE O Hil BRI 2 X UK IE O 4~6 15T, B I3z O1EH
DGR TE DLV THLOIZK L, B CIXBEEICFET 5.

2) IR LK AR OIE D, MR 70— FEFn OB E LTED L 5 e EICh
% % Taylor JEBH CTH72. HIBR/KEE B X D W O INIAE 7V — ¥ Fn O 1 A
&3 WO /2 0, F—HOHLIY LT IUIHE 7 V— N Fn (213 2 8 70 vk
BiZhY, fKEk (0.1<Fn<02) T 1 XEPAEICRD. £ L CRBECIEREREOEN
WPV, ZOERIEEAME O F B K E V. Fio, HlRKBEER X OUKmAE O
P~DOEMIZ, (K (0.1 <Fn<0.2) TIEME 7V — FCFn OERNZ/NE WS, &k
TIEHME TV — N Fn O@SIREOIERDNBE T2 5.

3) ERREAMERBRILF KT ORI L WS A D= XA TH D720, FHAREE S E DO

B MK ZIXENREE OBRNH Y, HIFRKEZEDEELFEZIIUD, B HEH
FEEET D72 DITRET T R EERH 5.
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Table 3-1 Blockage ratio of CWC compared with TT.
dimension UT SRC C.W.C.
BrxDy (m) 4.0x3.5 10.0 x 6.3 2.0x1.0
L pp (m) 2.5 6.0 2.0
4 ) 0.0665 0.9194 0.0340
m x 10’ 2.5 4.0 13.9
remarks; B r:breadth of tank, D 7 :depth of tank,

m :blockage ratio (=4 4, /Bt *D ), A, :maximum sectionl area

7
‘ ~ Ctx10?
Ctx10°3
UT-2.5m
| #~
- by Kajitani et al. /‘/'
i— seed-data / : 6
cwe-2m
Schdenherr (UT-2.5m)
e, = .
m ..b_.‘:.._\. L~
b SRR
SRC-6 m
.|| xSehoenherr (srC-6m) R neenherr
4 R
: Ct estimated by seed-data (SRC-6m} : Ct estimated by seed-data
—-~—: Ct with blockage corrction (SRC-6m} — - —— : Ct with blockage correction
—..— : Ct with blockage & inclination correction
| | | | Fn Fn
T T T T 3 H ‘{' I :
0.10 0.15 0.20 0.25 0.30 0.35 0.10 0.15 0.20 0.25 0.30

Fig.3-1(1) Effect due to blockage in TT.

221 -

Fig.3-1(2) Effect due to blockage and

inclination in CWC.
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Fig.3-2(1) Increased velocity due to blockage
effect in CWC (a=0.5).
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Fig.3-3(1) Effect due to blockage in CWC (a=0.5).
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Fig.3-4 Frictional resistance in CWC and TT.
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Fig.3-2(2) Increased velocity due to blockage
effect in TT (a=1.0).
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Fig.3-3(2) Effect due to blockage in TT (a=1.0).
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4. 1 PR OEGURHT

PARR D ATUBHFE DOFEAMN & U CEMOHEEMERRHEE N &V, Z VIR 1 2 AR
BRNEARTH L. £2C, [ERAMEICIT 5/ N & RS Z 361 5 KRIAUAER O FR{EL R
PR R A& i U7, 3K 10 A o 235 H & Table 4-1 12, JiBAR% € & R SRk
Ly/B DR % Figd-1 127, (K 10 B 3paiin i F 2 H O RFEA2EF LTS, 2R b
BOHIZIE, EAORFEEOT-DITHBIFEH 6 O— i 72 il 7 V— RE L & D &I T
REFSNT BN E NS, £ 2T, MBI MR bW A T OIS EERFHEE Y (RS
NTWDHIARE C, (T 2 B AR iR 57 L— RECCRME L 7. Z ORI 7 v — FE Frievanuated
1% Figd-2 [ORT X912, f&iE 70— R ERE FIROMICH 5.

[ ARG RRBR TS 2 B L&A UAM ¢l SNz, BRMEIZT T L,=20m THLH. —
75, HUKRERER ORI E I, EiE LSRR 5720 — T < Ly=5~Tm T
5. BMKIERER O KW, BN, P& JOMIRKE &4 Table4-2 1T77.
[ KA RRBR I TAR R K BT 3~6 %, HIIRAKIEE T 4~6 (512705, RBELMEESL L TR
v N, BHUKREOSCHE T T ANZAT R E FP.EOPTMIZES 1.5mm, 4 —7 1 %
A 91212 E 2.0 mm, ZH 2N 10.0 mm CTHEE L7,

[EIFE KA OARFRFEH 1.0 m/s (21T 2 FHIER .00 B R E IR A Figd-3 1IR3, fRAA R
BT D HIER D 1.5~3.5m (I BWT, ELEEORE L £0.5~1.0mm, KiigakdiE -0.40
X104 TH L. AKMEIHEUHAROYIIIKRE (1984 ) SNl &bd Y, RiTOKIE X
Db EEIIREVD, WEE 1.3 m/s FRE £ TR ORI HA_REHTE 5. Z2B)IE 9 1358
DU AR 1A AR 1 C, HE K BRI (0.1 < Frn<0.3) (2B TR EN B 42 R
B2 THRPUCKTT D2 ETER OER 2, EER A /NS <782 X 2 ICHlT U ES EoBLA
N, ZOEMZIZFEHETE D ZEZHALNT LTV, (LB IE OB R E A & 0O /K 2
Bl Z 185729012, $EHRD 1.5~3.5 m FHTICBIT 23 0.70 35 XN 1.30 m/s DT — & %1
Z, KEZ N— N Fh L KEAE 0 DR % Figd-4 \oxd . KEAR ¢ OFAI 3-7) @
EHC 1T -040X10° TH D.

S R A PR B BT (3-1) 2, AKIEABLOERIXGB-7) 12 & B KmEAR %2 AV 7-(3-11)
X TEIE L. BEEIRHUREL Gl Schdenherr DI, FERFEAREL K DPRIEIT Prohaska 5V Dy
FET7N0— FEFn ® 4 kAT L o7z, 10 IR OTIRZEBLREL K & (2-3) TR PR AFE TR
oAb U7 S HRHUR SR 1y & Figs.4-5(D)~(10)ZR7". L0 KIS 13 R B R 6 oR
LTV 5. BT RRERES 5 & IR BRI K DY TE T Prohaska O E 7 V— ¥ Fn @ 4 K
KT L o723, HIFRAKBEEDE I T TR\, (A A B R HIBRAK B 22 L O
KIEAROIEHOBELEZTT S &, TRIREERE K IXRAUKEABRICT S S BRRIEHER & 5.
ERIHURE e BRI TH D .

4. 2 (EIELREK
4. 2. 1 TBIREERE
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(B35 A AE ZR R DRI BLR I K 12D T RIS R 2 FL %1 Fig4-6 12”3, il lRKIK R
2 KEAEOVER, B D2 OO RRER X OVNERI O B2 X 0 50 %R [RIFTK
R CTREL, ZOBRELINOEELBEET L ZEOBEEHEZREL TS, FHIRK
RS K OVKIE AR OVEFR OIETEZ N2 T b RIS O AR MR AL K 1% 20 %fR B R X\,

@-DRURT, HIFRAK A &K AR O VER OB ZEIE LT 54T b vz [al i A
BROTGIRFEELREL Kewe &, BB O TR BRI Kir & D72 AK % HTARKL Cp % FLvE
\Z Fig4-7 (2”77, 0.03~0.06 B2 R E V. TR ERIE O AK % K RER D Kewe % 4
HEIZ(4-2)NTERER LR Ce BRIKNCRT . HRARE G ITIZIFHAI L TREL 2D,

AK = KCWC - KTT (4-1)
AK

Cx = (4-2)
KCWC

AK ODERD—> L L TREFENEZ 5D, HF DS 91X Wigley iRIZEBWT, £X6.0
m A=A C K=0.031, 4.0m 8T K=0.077, 2.5m AT K=0.100 C, /PR CRE 2D
ZEEBBMNI L. L LFESCHRICITE S 7B oW ORER L H Y, AL TIE Figd-7 12
Y, FIAREL Cy OHINE & IR Ck IR EL 2D LV O FERICE S & D -, R E
BB AK DERBITIEHORETH 5.

4. 2. 2 EHREPURE

HEER 10 VEUC DN T, Figd-2 1R T3 7 /v — R Frevaarea /2 30 5 B REER & BT
IR O I HRHUREL D FE Arw % Fig4-8 12, EIRHURILDZE Arp % [BIFE AR ZER D 1
HEPURE rwowe TEERTTAL LTAREL Cow % Figd-9 13T, ERIKPUREKOZE Arw 13(4-3) T,
BRI CowlF(4-4) TR END. BRBARMOERAKEZEIZOWNTIL, AWFIEN FEBRI LB S O
BEIEEDOBRIE LREZ TIRE LTWD 20, Xk O 22F TBEEL TV, iE7L—F
B Fn 0.20~0.22 J00% CEPARTUREL D ZE Arp 3 TOREL Cop DIER K E WD, KT —Z 05
XEE o T HANI A B, 7eds, ARENCRIETRETREEBIRMDOZE AK IZH~)
S0,

Ary = Twewe — Twrr (4-3)
Ary,
CT'W = (4-4)
Tw.cwc

4. 3 BEEFEEADME

NES 103UV IC X 2 [T BB S 2 R o UK EBR L < L ICBIES 2
FEEHFEL 7. 2 SRR BRI & SRR E R 2 4 7> v 7 BT © 7 — % %2 H]
WTBIET 2 FETH 5. £ L CHIAMERER & AT RE CIL, EREITREITIRIE—
T 5 DI BRI AR A OEARE N &, A T2y 7 & AV ERABRIC L v EH
& Lohz i W EE TR O WK I 1 2 IRPUR A HEET 2 2 LN ARETH D
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ZlaR L. Las UIRRBAFE O T ONT KM AR A SR 2 B2 & 35 &, (RIS 2
BORBREATORIER S TRAMENE T 5. Z0Ha A MBI ORISR TS Z k- 7.
L2vh 2 BNz xt L ClREE AR OER &3[R U Ch A ERFEIT e <, [BIVEAKETE O 5 /e 25 8
DOBLE BIFR L2 T UL B2 WiEN B o 72,

BA T2y TOT—F B E LRVMEIEIEZBRFE LTz, 4-2) TR SN D IREEBIRE K
DAETEAREL Cx B3, Figd-T IR LI2 X D IZHTBAREL G & BLBIRRICH D Z LIZEH L, DR
o —RATELL Lz, 2 X W EBOMBLOIEIELREL Ck & FTEARE G, h HHEETE, W
WK RBRICAH S T D IR BRI K 2RO D Z L RN T&E 5. Figd-10 [ZFHIB LT OMEIE S
TR BRSEL K % SRR RRBR OB 1% L CoRd. RIS CRA S N7 IR 2R 5k K
XRMUKFEABR DD 1.3~155ThH L5703, HllRKEKEE L KEAEOIENZEEL, S56IC
¥ Cx DIEEZEMZ D EFIFUMAERBR LR CIEE 2 5.

(4-3)=d6 L N4-4) TR S 2 ERIRPUR D 2 Arp 38 T OMREL Crw 1X, Figs.4-8, 4-9 TR
T XK I ZFEM 7 b — 2L Frevatuaea 0.20~0.22 TFETENB K Z WD, W TH 5 2375 Crw
Ew & Lz, OF 0 EREHURE rp ITIIREREE 172 <, [ AMERER T b BAUKE & [
CMEIC2 D EGET D . HHEFRRPIREN & 51283 SN2 B TR Crp NMER T
L AREMER B 5.

TR BRI K I HIRAK B 228, K AELOVER B KL ORE Cx DIEIEE, & IHURE
i A TX BRI K B 5228 & KT AIBC OB OE IE 2 I %2 CTHEH U 7= FISIST%EL rr & Figs.4-11(1)
~(1ONZRT . 72 BRIARIEHUIREL rp 12(2-3) N TR I IEWIRBUREL i & FIBRICHEAKAFE VCMEXK
TALEN TV D, ZRICIMFIED R & U TIPSR 2 K& S HEE T 5 & @ iRbuiREl X
INS L, TR MRS A N S S HEE T D LS IRPUREII R E < e D, £ 2 TR AR
B K & EEARGUREL rp % & D RIGHRPURE rp THIGEEM L 72, @-5 X Traind, Hoiiz
IR IRTURIL rr estimatea & BMTATEZRIR DO RIRIEHUREL rrrr D7E Arg %, Figd-2 1R33-I 7 v
— N Frevatuaea V256 U Fig.4-12 (R, RIRIBHUREL DO Arg1E -0.05~03 X103 TH 5.

Arg = TR estimated — TRTT (4-5)

F 72 Figs.4-13(1), QUZ/ME D 19 OFEIC X V15 LN RIREHUREL e & O AZTRT. K
WUKFERBROfE & OEITFRRETH 5.

ARKFETEHLNENT N TOREAT =Y THETE b T, L LAFELEH
WAILE, KRB RBAEREBRE R (X4 7> o) BRngEHTh, 2 CiMli L7 BEN
TORDBHOHEEN A TH Y, TOMRRESEXTADRIERANYEFECE . 44Ty
7 ORRGABR N AR E L 2o X, Z ORMAKERBRE AN AE L 720, 2 LT B s BRI A3
FRL, FIUbo TR OER AT 2 L RS L0 D . IVRBHR O FicE
TE, BRAERBROBRRGROES EHE- T, SLREANHHIND.

RGN I 2 B AR R T2 TR A TR TE DAL T Lan7avy. L LIENRAKAE D
AIREME 2 B3R - OIIX MUK RER T — X (T D = & 2380, Ol % & o D EEE N
BCHhDH. B OBEGEAME T HHIRKEEE L KIAROERN NS Z L1X TP, (Kif
WOFHINEE & b BRI 2R AR K OB LR KOMEER Ck & Crp DEEITRD
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METH D, L LRI B K, EERE Ck B LU Crp 1ZAKREOEEH B
FOVRIR T 1k RE, RS &3 D MIEE, BOOEERA L T 2 BEEIREURE C,oRUZ L - TF
HITRRDTHAS DD, HIRKEZE L KEARDENZE L&, KFECHELELELEE
BETHIEL. ZOFECITRIERDH Y, K4 ORIFUKETIENTE 13T TH 5.

4. 4 MELS

PERUI 4 R Z OV TIRBTERR IR O KB L % Figs.4-14(1)~ @I d . [ BRASE
FATHIBRAK BB DBEEZTT > Th, RMUKRERERGE RIZIE T FP.OWE FEAREVMHANIC
b5, 7P, Fig2-4 T L2 IKmARIIRE < 7e<, Figd-4 \[ZBITHREGHE 1.30 m/s
(BEE20m BRI T Frn=0.29) (Zxthd 2 FR/(1-FR) = 0208 O /KEABIE -0.086 mm/m T,
RN R SIS 32 2.0m OFPHTH -0.17mm TH 0BG A~OEE T D72\, FP.OIL
T EOFEHIRAK R EBOEIE LS X O RREOFRMIRDS—K & 5250, MEi
T D H HFEIEREOEELEZ DD, ZORBOME IR SRR MET
7o, WEEGUREDIEELREL Cow D EREEAA~DOBRFHCH T > TR ET RERATH S,

4. 5 5
[ AKAE BRI & 2 IEIBH R I DU T, HRPTRRBR A S & BTGB L~V B BT 5 205
e FIEERGTL, LT OfMmES-.
1) P 10 B2 k5, HIPRK 22 & oK i A B oo VE A % FR USRS o> B AT K A 5l 5
R OHBIC L0 BR Uiz, [RGB O ER 5 K 1%, HIFRKES R, Kma
FEDVER, [EIRAME O D FeMEds KOV DR BT D 50 Y% AR IERER X v
K& <, HIBRAKBEEL LOKBAEDOERAOEEZMZ TH 20 %RERE V. ZLTH
TEAREL Co B TIE EE DOEN KR EVHINICH 5. F 7ol IR EL o 121X, I FRIK 5
BB L OKEAEOIEROEEZINZ THENKD A, il 7/ — RIS T 5 7
T— R TIRIZIER —TH L LV TE2THZENTED.
2) JERFBARI D EEARIL Cx & ERIPURBDEERE Crw 28 AL, KAWL X
2 BB L~ 2 A 7oy 7 CEURE) OF =23 THIEIETE 2 FiEx
RE L2, = UTHRFE L FISIEGUREL rp CHEGHE L, MRIBHRIC L E R RPIER &
N FERES LoD RNV THETE S 2 LR L. AFRITKEER S
TRV FERED B2 MO LA TE 5. KA TEROFEEEZRDNIT L. H
L, AW CILERRTUR B OIE ERE Cry OFEMRFHI T E 2 h o 7o, R EELR
BOBERE Ck DERENEZZOSHORETH S.
3) RFIEIZLY XA Ty TOBTRERBRN AT & 7200, 2 O RNMIKERERE 08 R L
720, T LU TRERRBRIEHA R L, Thicfbo THEIROEH AT Z E08A
S &%, MBS O LICHRTE, FfiAERBRORBIROES LHE-T, &
LRLEMN S ND. FIMWRTBRNFELAZIE L TWDH, 2472y 7L DHIRIC
K D FMRPEREHEE DIFEITIE, 16K & 72 2408 2 MR Sk 2 PEREHEE 13 L vy, EBE
(ZEMEREHEE 23 FTRE & 72 UIE Z OREITARE SN D,
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Table 4-1

Principal particulars of models.

Hull Form Lpp/B B/d Ch Cp Cm design Fn
@ 5.50 3.00 0.68 0.70 0.978 0.231
@) 5.53 2.47 0.78 0.78 0.989 0.199
® 5.67 2.54 0.75 0.76 0.988 0.211
@ 5.86 2.84 0.56 0.63 0.891 0.261
® 5.96 3.91 0.51 0.56 0.898 0.317
® 6.00 3.00 0.65 0.67 0.976 0.241
@ 6.00 3.00 0.70 0.72 0.979 0.221
6.00 3.00 0.75 0.76 0.978 0.201
© 6.06 2.52 0.81 0.82 0.996 0.175
() 6.34 2.41 0.70 0.71 0.980 0.221

remarks; B :breadth, d :design draft
Table 4-2 Blockage ratio in CWC and TT tests.

Dimension T.T.-A T.T.-B T.T.-C C.W.C.
Br xDr (m) 10.0 x 6.5 13.0 x 6.5 18.0 x 8.0 20x1.0
L pp (m) 5.0~6.0 6.5 6.9 2.0

mcwe | mrr 3.6~6.0 4.0 6.1
Vewe/Vrr 0.037~0.064 0.029 0.024
remarks; B 7 :breadth of tank, D ;:depth of tank, m :blockage ratio (=4,,/Br*D r)

A, :maximum sectionl area

0. 90

0.80 ©

o} O 0]

0.70 o S)

[0)

0. 60
O

0.50 O

5.00 5.50 6.00 6.50 7.00
Lpp/B
Fig.4-1 Cb vs L,,/B of models.
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0.65
O @ \_/
0.60
\ ®
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0.55
0.50
0.10 0.15 0.20 0.25 0.30 0.35 0.40
Fn
Fig.4-2 Evaluated Froude number Fnevanarea of models.
3.0
o measured
Eg 2.0 —water surface inclination
~1.0 o oo o2 o ° © ° 0 ° 0
‘\1'00 oouoooo oUOo 900 ° o o
_1.00.0 1.0 2.0 )
-2.0
-3.0
distance from the edge of wave suppressor (m)
Fig.4-3 Free surface at /=1.0 m/s.
Fh2/ (1-Fh?)
0.00 0.05 0.10 0.15
. 0.00
£
= —0.02
E
= -0.04 O
w —0.06
&
— —-0.08
(&)
= -0.10

Fig.4-4 Inclination of free surface.
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4.0

3.0

x 103

My

1.0

0.0

-1.0

0.05 g 10 0.15 0.20 Fn 0.25 0. 30

o rw(K=0.302) w/o correction in C.W.C.
A rw(K=0.258) with blockage correction in CW.C.

O rw(K=0.246) with blockage & inclination correctiond in C.W.C.
< rw(K=0.205) in T.T.

a0

= \

Fig.4-5(1) Resistance factor K and rw -Hull form (D-.

o rw(K=0.416) w/o correction in CW.C.
& rw(K=0.359) with blockage correction in C.WEQ.
-0 rw(K=0.345) with blockage & inclination corrgé€ti
<rw(K=0.287) in T.T.

0. TS 0.10 0.15 0.20 Fn 0.25 0.30
-1.0

- N

Fig.4-5(2) Resistance factor K and 7 -Hull form @-.
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o rw(K=0.358) w/o correction in C.W.C.

a rw(K=0.306) with blockage correction in C.W.C.
O rw(K=0.293) with blockage & inclination correctiong in C.W.C.
>rw(K=0.239) in T.T. 8

0. 30

Fig.4-5(3) Resistance factor K and r,, -Hull form ©-.

o rw(K=0.269) w/o correction in C.W.C.

L A rw(K=0.233) with blockage correction in C.W.C. B

0 rw(K=0.224) with blockage & inclination correctiong in C.W.C.
-—>-rw(K=0.188) in T.T.

T

10

1OO.q)S 0.10 0.15 0.20 0.25 0.30Fn0.35 0.1

Fig.4-5(4) Resistance factor K and 7y, -Hull form @-.
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0 rw(K=0.265) w/o correction in C.W.C.
A rw(K=0.240) with blockage correction in C.W.C.
30 O rw(K=0.233) with blockage & inclination corrections in CW.C.
. | ><rw(K=0.203) in T.T. o
>
x2.0
=
| -
1.0
0- 0 1 1 1 1
0.05 0.10 0.15 0.20 0.25 Fn0.30 0.1
-1.0
Fig.4-5(5) Resistance factor K and r,, -Hull form &-.
8.0
o rw(K=0.281) w/o correction in C.W.C.
70 |2 rw(K=0.245) with blockage correction in C.W.C.
' o rw(K=0.234) with blockage & inclination corrections in C#\.C.
6.0 < rw(K=0.182) in T.T.
250 |
x40 |
Ny
3.0 }
2.0
1.0
(8]
0.0 @

0. (|)5 ’ 0.10 0.15 0.20 Fn 0.25 0. 30
-1.0

Fig.4-5(6) Resistance factor K and 7, -Hull form ©-.
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O rw(K=0.273) w/o correction in CW.C.
A rw(K=0.237) with blockage correctionin CW.C. ©

" O rw(K=0.226) with blockage & inclination corrections in C.W.C.
<-rw(K=0.185) in T.T.

a @ G m 1

O.TS 0.10 0.15 0.20 Fn 0.25 0.
-1.0

Fig.4-5(7) Resistance factor K and r,, -Hull form (D-.

o rw(K=0.313) w/o correction in C.W.C.
2 rw(K=0.276) with blockage correction in C.W.C.

" O rw(K=0.265) with blockage & inclination corregtions in C.W.C.
*rw(K=0.223) in T.T.

= N

0. TS 0.10 0.15 0.20 Fn 0.25 0. 30
-1.0

Fig.4-5(8) Resistance factor K and 7y, -Hull form (®-.
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0 rw(K=0.366) w/o correction in C.W.C.
A rw(K=0.320) with blockage correction in C.W.C.
O rw(K=0.308) with blockage & inclination corrections in C.W.C.
3.0 Fcrw(K=0.245)in T T.
=
x2.0
=
| -
o
B
1.0
0. 0 a8 oA 1 1
0.05 0.10 0.15 Fn 0.20 0.25
-1.0
Fig.4-5(9) Resistance factor K and 7y, -Hull form ©-.
6.0 S
o rw(K=0.301) w/o correction in C.W.C. A
a rw(K=0.259) with blockage correction in C.W.C.
5.0 | o rw(K=0.248) with blockage & inclination corrections in C.W.C.
-><rw(K=0.204) in T.T.
- 4.0 |
=
x3.0 |
Ny
2.0 |
1.0
0.0 —a—= L L L
0. ‘f5 0.10 0.15 0.20 Fn 0.25 0.30
-1.0

Fig.4-5(10) Resistance factor K and r,,-Hull form @0-.
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Fig.4-6 Ratio of form factor compared CWC and TT.
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Fig.4-7 Difference of form factor AK.
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Fig.4-8 Difference of wave making resistance Ary under Frievanuared.
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Fig.4-9 Ratio of difference of wave making resistance Cry under Fheauated-
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=
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0.00 0.10 0.20 0.30 0.40 0.50
KinT.T.
Fig.4-10 Relation of form factor between in TT and CWC.
8.0
O measured in CW.C. (K=0.302) Lpp=2.0m
7.0 A estimated by present method (K=0.203)
. [ >-measured in T.T. (K=0.205)
6.0 o
5.0
o o
4.0
3.0
2.0 a 4
1.0
0. 0 1 1 1 1

0.05 0.10 0.15 0.20 Fn 0.25 0. 30

Fig.4-11(1) Residual resistance coefficient 7z -Hull Form D-.
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11.0

© measured in C.W.C. (K=0.425) Lpp=2.0m
10.0 |2 estimated by present method (K=0.280) 3]
>-measured in T.T. (K=0.287)

8.0 |
1.0

R 1
o o o
1 1 1

A
o o o
1 1 1

0.05 0.10 0.15 0.20 Fn 0.25 0. 30

Fig.4-11(2) Residual resistance coefficient 7z -Hull Form @-.

10.0
0 measured in C.W.C. (K=0.37) Lpp=2.0m
9.0 [ 2 estimated by present method (K=0.239)
~-measured in T.T. (K=0.239)
8.0
1.0
:c°_> 6.0 |
x5.0 °
4.0
3.0
2.0
1.0

0.0

T

T

T

T

T

0.05 0.10 0.15 0.20 Fn 0.25 0. 30

Fig.4-11(3) Residual resistance coefficient 7z -Hull Form @)-.
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12.0 S
O measured in C.W.C. (K=0.269) Lpp=2.0m

11.0 [ 2 estimated by present method (K=0.189)
10.0 |P<measuredin T.T. (K=0.188) o

9.0
8.0
7.0

—

x6.0
5.0
4.0
3.0
2.0
1.0

0.0

0.05 0.10 0.15 0.20 0.25 0.30Fn0.35 0.40

Fig.4-11(4) Residual resistance coefficient 7z -Hull Form @-.

O measured in C.W.C. (K=0.265) Lpp=2.0m
70 | A estimated by present method (K=0.198) e
. —~—measured in T.T. (K=0.203)

6.0 |

20

1.0

0.0

0.05 0.10 0.15 0.20 0.25 Fn0.30 0.35

Fig.4-11(5) Residual resistance coefficient 7z -Hull Form (-,
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© measured in CW.C. (K=0.281) Lpp=2.0m
- A estimated by present method (K=0.194)
[<measured in T.T. (K=0.182)

0.05

2.0

1.0

0.0

0.10 0.15 0.20 Fn 0.25 0. 30

Fig.4-11(6) Residual resistance coefficient 7z -Hull Form ©-.

O measured in C.W.C. (K=0.273) Lpp=2.0m
| A estimated by present method (K=0.186)
—~—measured in T.T. (K=0.185) © a

0.05

0.10 0.15 0.20 Fn 0.25 0. 30

Fig.4-11(7) Residual resistance coefficient 7z -Hull Form (@-.
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10.0

© measured in C.W.C. (K=0.313) Lpp=2.0m
9.0 |2 estimated by present method (K=0.216)
>*-measured in T.T. (K=0.223) °
8.0 |
1.0
6.0 |
x50
G °c & °
40 |
3.0
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A
20 | °
1.0
0.0

0.05 0.10 0.15 0.20 Fn 0.25 0. 30

Fig.4-11(8) Residual resistance coefficient 7z -Hull Form ®-.

8.0
O measured in C.W.C. (K=0.366) Lpp=2.0m
70 A estimated by present method (K=0.249)
’ ——measured in T.T. (K=0.245)
6.0 }
o
w90 F oo0000000o
o
x40 |
= A
301 W
2.0
1.0
0.0 : : :
0.05 0.10 0.15 Fn 0.20 0.25

Fig.4-11(9) Residual resistance coefficient 7z -Hull Form (9-.
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© measured in CW.C. (K=0.301) Lpp=2.0m

70 }2 estimted by present method (K=0.204)

-0.20

-0. 40

——measured in T.T. (K=0.204)

0.05 0.10 0.15

Fig.4-11(10) Residual resistance coefficient 7z -Hull Form @0-.

0.20 Fn 0.25

0. 30

0.

35

Fig.4-12 Difference of residual resistance coefficient Arzunder Frievatuated-
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8.0

O estimated by present method (K=0.186)
7.0 |—~—measuredinT.T. (K=0.185)
——-estimated by Ogura’s method (K=0.184) °©
6.0
w 9.0
S
x40
Py
3.0
20 | 8 (o] (o]
1.0
0. 0 1 1 1 1

0.05 0.10 0.15 0.20 Fn 0.25 0.30

Fig.4-13(1) Residual resistance coefficient 7z compared with Ogura’s method -Hull Form (D-.

8.0

O estimted by present method (K=0.204)
70 | ——measured in T.T. (K=0.204)
) —-—-estimated by Ogura’s method K=0.205)

6.0 |

0. 0 1 1 1 1
0.05 0.10 0.15 0.20 Fn 0.25 0.30

Fig.4-13(2) Residual resistance coefficient 7z compared with Ogura’s method -Hull Form @0-.
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trim change & mean dipping

trim change & mean dipping
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Fig.4-14(1) Dipping and trim change -Hull Form ©-.
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0.2
° I
g 0 0 1 1 1 1 1 Fn
2 0 &—*
s 0.05 0. a 0.&3 a 0.%9 0.25 0.30 0.35 0.40
G-02 | @ e
s o K
[7) L .
3 O trim change w/o correction in CW.C. ok,
.. 04 [ & trim change with blockage correction in C.W% oA oa N
+ - =< trim change in T.T. A ga
206 | ® mean dipping w/o correction in CW.C.
é_gl; | A mean dipping with blockage correction in CW.C.
-08 --+--mean dipping in T.T

Fig.4-14(2) Dipping and trim change -Hull Form @-.
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trim change & mean dipping

-§ 0 0 1 1 1 1 Fn
P T a -t -
g 005 oz B gy 030 0.35 0.40
+-02 | L
a OA
5 O at F.P. w/o correction in C.W.C.
£-04 | A at F.P. with blockage correction in C.W.C.
& - —%—at FP.in T.T. &
2_06 [ ® at AP.w/o correctionin CW.C. cA
o A at AP. with blockage correction in C.W.C.
-+-at AP.in T.T.
-0.8
0~ 0.2
c?
o« Fn
_s_ E 00 1 1 1 1
c > 0.05 0.30 0.35 0.40
8 S-02 |
£ 5 ) ~QA
% 2 O trim change w/o correction in CW.C. “ PYy oa
L -0.4 A trim change with blockage correction in C.W.C. oA
8+ [ ——trim change in T.T.
g &—0_6 I ® mean dipping w/o correction in C.W.C.
= ;g' A mean dipping with blockage correction in C.W.C.
bl --+--mean dipping in T.T.
-0.8
Fig.4-14(3) Dipping and trim change -Hull Form ®-.
0.2
< L
3 Fn
H 0.0 - " 7'
> 0.05 0.25
+ -02
a
5 O at F.P. w/o correction in C.W.C.
£ 04 [ A atFP.with blockage correction in C.W.C.
& - ——at F.P.in T.T.
2 -06 | ® atAP.w/o correctionin CW.C.
© | A at AP. with blockage correction in CW.C.
08 --+--at AP.in T.T.
. 0.2
-g Fn
E 00 . 1 1 1
S 0.05 096 0.25
£
) _02 B
@
3. | O trim change w/o correction in C.W.C.
2-04 A trim change with blockage correction in C.W.C.
+ [ —<—trim change in T.T.
&—0_6 - ® mean dipping w/o correction in C.W.C.
9_5' A mean dipping with blockage correction in CW.C.
-0.8 --+--mean dipping in T.T.

Fig.4-14(4) Dipping and trim change -Hull Form (©-.
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E5F BhomiFER

5. 1 MRBERTFE

FRRIBHFE DG TRIZAT OV TV DR & B F VATOILT 220 o Tl fie ClE, [BIE/KIE O
Mb R D, P CIEEMEROHEENS O LY, RBRIE BTGB, BMEERE J O
fEERBN ETH . —Hifm I, MRORMBESROME & Z0%ESRE RN 7200,
PR &P B ORN O W BYE R EEIZ R D,

[EFEAAERER ORI OV TEEE D 17D /A 9% TERAFERT, a2 X MRMEL, o
BENKR ST, FHURRIA MR T, HIFBRESEREIC/Z2 5. | E LTWD. 25T 19 1%
B AFE R OEE 2 TBICA A 2 FF T s F, OWFREOHF TOBEMRITIMG 2 &I
TREVWLDRHD. L LTS, EBZOHIERL X OHEEICETAKERBRIZIA2ITH 5.
ol ZITHEKRBEB LN U AOZEH, 726 NTHREITER O T 72 8 BIC X 2B A Loz
MEGIZTE, MR FoRBES L L, £OSCERE#HAZRICT 52 N TE 5.
REAFEMED m AR A PR & U7 RE, FRIC IR RREBR OF R ANE T &, REUANC TRsi
ORISR %23 258 L 13K O X F R D.

T T, A xR E Uz AR ORI Z TG D LT R0 e B R Rk 852 L, /M
=i L EEREEICEA T 5. Z OMBIBIR O & Fig.5-1 (237

1) ffoOGE, EEE SNAMRENEMR S ITEIHAEN S L, BTG coairtEme

DM L IRIGHOHEER LV EHIW D250 5. EMA () o &0 Rk

%, Ax, @MHERENPEDD. o TRIBRICHTZY, ZHLEFERAFOHDFEREH

ENEEL2D.

2) M R R EEOKAERBR A TE A 2. A (BRI B o B85 &K

OMEPHTABRIZ L 0 i EORES 2T 2. ZHSARIRIBIR FiEOh T b B 72l

FEC, RME LEBHROFLLHBEORA V M2 UEET 2. ZoAR 2 E Tl

BT DMTON T E RIS KI T2 FIE L IIRERMHENRH D, SHICToF Y —RJE D

(TR 10040 8 L ONER IR 23R, S EZ 7 e —XT7 v 795, b

R MES R L, £ OdEERE 2 I L CROMBBRRERREEL U — T 5.

3) O E RIS FIEIC L R R 2 BARM LT 5. iMARTEENIC W TR, I

5 2 10 BAFE S LT E IR BRI R & IR RN ENE 2B & T 2 ML o> et A b TFHE 4 T

T 5. THAUTEEBEIIA RIS & LT, BIRRFICAINARE —E 425 U TR

M 2 s b 5 HIETH D, MR EEIZ OV TIE, Baso H ) 12 & 0 B3 S U7- ke FhE

ToNA TV RESEEZRG, BRECIZE D2 EBEIOELERD L. SHICHHE Y =

L—ya ORI E R DB A HET 5.

4) /O L B OF 2 BRI L, MAEGHEITS.

5) [EIEAKIEIC CTH B OB 21TV, ZORFEEREAET 5.

[EIFE KA R TR O R AR 2 U8 L 2 O SCER#H 2 RIS T2 2 & C, BEF R FIEIC T
KO CH R E RN L, MRBRR 2 2h=(b 5. Raf ORMRRIBHZE CIE—AXANICEL
EFHRE FIEIHRERERI AT T 208, RPE TR EUE G FiE% U — K L OB
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FEHRNRENHED B .

AR SRAT KT /KIE DR BT, AT £ TR AT &9 ITHIBRAK BB S R & <, 2T
BTV — N Fn 3@ EBEE T, IR CIIR R R E . 1o TARIAIBIZE IR\ T
HGE-DROHF OXTEDEIEETTH . KEABOIEM bR 7 v — N Fn 8@\W0IE EHHE
TiEHLH, G-NAOKEABERDER C; NWRWFR TRHAETH D720, ZOEIETITH
7RV, TR E OPAATLS B IR BN T, AMADERIT e ~EER OB 13/ &
<, KRBT CTIIEER O BIIETE D LIET .

5. 2 HHH (£ 1) /N =R OB RS

5. 2. 1 /MY~ ORHR

iR AL o, ML COETREMEEDY ICED, MTRET LS. KEZD
EEZL VIRL, BRGNIFE L L2 k815, @< THRWARIITE, TX5
G Y 2 < OIELZ S, 2 THUMENEWTTHIKETT 5. 20dIiidiE ik
RETeu. /MUY < BTN L OBS b H Y, WK 2 A L %
BT 85 21587, RBRBEEHRLOBEMTLH S, MIRIII S0 Hi» &4,
JERINEL T B2 b 2303 B3, 58 EIFIBRO 720105 110 T 2 5 L CE TR s
TR NI EBHFEOT — FECTHATL, BB A2 EICHET 5. AR LoBLEN6E
ANFX—OERNPEECTHDH & SN TEN, ERITONERIN, Mg - AEEPRREGS O & E
L OWIERE DM B T 5 — T, A= —ICEBICBERT 2 AR OBV EA R
T T I Aeh o7, T4, LED R OEANK LIV TWDHN, ZMAELE % 5 O
WMELDEITEZDZENTEDNREDERE 2.

5. 2. 2 EREA L FEIOMEN

WD X D IR EHIYT, B 2 BHRREED D D AR CILFERET AR K E 7220, Rl
BAFE RIS & L7z 19 GT BUNY < A O EREHEIZ L 5 &, /Y < AR ORIz ol L
TWDZ L, MMARTEMOIRKENE L, HKEMTH D 213 5F ¥ A L ED I EMAME
DER %G, MEBHITFHEE CIEEES LOEFEEAER L TV 5.

Photo 5-1 (XT3 2N 2 K507 1% O VRS (i 38) T, Photo 5-2 136 O HiEG~D
JRPERE (GRS CTh D, IFIEIRFIIAMAE T S 5 R OB IS IRIEY) 2 HEH L AR E K 23R
WRBIZH 5. FTo Vo~ IfiT Y o~ ILISMIEME L L TloRZE H1TV, £ OOk ER I
OVEGTHEMIIRIEIE S . 20 X 9 I OMBERGCIL, EONEZBE L & 2R
DR T E 7200,

HEREMERE 2B H 2T D700, R (BEFFARTY) #ET o BRBTERER & B8 2 5k L 7=, 3
i 2R %, HEKENRSZ W ICHAMERENER S DGR L Ui, R EEE &R
RERAEZ Table 5-1 12Rd. FBALUIHER 1/13.79 OE Y L & V8¢, TRME L, X 1.5 m
Th . BEMMET T v TR, Oy GEHL) , B ¥ —F—)L, Y a—E—X,
NGRAFG AL —f, AZ U ATAZ—BLOMIED Y F—T, ERMEELEL LT LR AY
e FP.OFRICE S 1.5 mm DA% v K% 10.0 mm EIE T, 4—7 4 %A b 9-12 2@ X 2.0
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mm DA X v R 10.0 mm flETHEE Lz, BEGER L 0 15 5 1722-3) N T& S 2 Pk AR
N— 2 DIERIRGUREL 1y % Fig.5-2 1T 7. BEERGUREL Cr 1IT1X Schoenherr ORAZE VY, B
R ERE K 1TSS COWMPURBO TN TNV B H D72, 70— RE Fn 0.10 (107 T
BRI e N1 LA DMEAB Lo, S T] 11 knot (Fn=0.388) |32
TEHI T, TREBRI K 2720 REV. 20 X 9 ITHEHEMERE D & k) DAL= HEK BFL D [R
ROWEETHIHET 5. FXIRTRZ T ADY o~ O iSRG & TR BRI O b
FERLT, Z OHEMEMEREI TR O A OFERETIE 72 <, 19 GT Y < ifgivic m 3 238 Th 5.
WLifEd 7] 11 knot (Fn=0.388) 10 ORI % Photo 5-3 (T, MEHROAANE, e i
B, =7 4 XA N TFEREOMBAEEOR, X OMERL T OKIEOELILNE L. R
B LUMBRHOIRICIHERH D Z ERH LN TH D, NI ANANTY SR KL T
W 21TV, R B SR SR OB IR DB D DD, —T 4 A b 8Dk
WL DA LD £ 0 BfRZR <, MRRPER SR OTIREERLETH D Z &V L.
FEIMREEICE L TIE, ZEOIERE & bR K EDIERBGICIT T RN K E WD &3
HIL, SHICMEEIChbizs Ty 7 VI X 2RO E BRI, 20X 5 B
B EORIESEZRH L, ZOXEOREEE-. S HICFRMOMBERICONT, JIIED @ (Z
k0 FoRy—2ETT— R Fn 0388 (231 D IMEAETIE /0N bz,
PUR Sy % W — A G ANCFESY LA % Fig.5-3 (RT. fR)s T EEAGSS, EMAHmEm
EERELIERT, MEOENENE L, WERPECEIA ST, AL CIIERIE
DB HILIRO.

5. 2. 3 BB FEORG

R RHT BB O BARRO RIS B iE, B D 9 2 X v i i & IERE a2 5+ &
T A ORELTES A Sz, £7 Figs5-4 [RT X1, Sz zfns Lz
F—T 4 34 b 8 LV HIG ORI MR 42T LBk 2 RE L1z, 74— R Fn 0.389
TIEFig.5-5127 9 & 918, AUk 2 HF K AR O IR ds = 0.002 (Opt-1) T 4 %, ds = 0.010
(Opt-2) T 12 %D EWIHUREL o DD TH -T2, DX ICUB O Z A —FT 4 A b 6 &
DRI E L, 2 AARAZAT ZHAIREOR S (28H&E 11.6 %L,,) & L7-. FUlEAEih#R o2
{b& ACp % Fig.5-6 |2, EHHUREL ry & Fig.5-7 (2”9, 70— R Fn 0389 TiX, JFANC
% D PKRBFEOHIMEEER ds =0 (Opt-3) T 51 %8, ds=0.01 (Opt-4) T 66 %, ds=0.02
(Opt-5) T74 %P THD. ZHEDOFERIZANVARZARTOHRKEL LTHENLT TIED
EBRTFLNT, MERRPES RO LA LET 2 Z &2 T. R R B e IR
G L CIE IR A W L AR FERADI TH LD1E, ADO L 57T A "7
ULMILHE 7 b— RECTIE, E O & SROFIBIBIMR 2N & 2 @ IS XA T, T X
B U7 B BR RS A B E LTEA LTV Z & T, AN OEENEYICEETE T
WD EHERIND.

INERBAR ORI, s, SEY 7SRRI o, MR LI
MR L IGTREBLE S, LB ERERFOEEAR—CH 0D, BETOMDIRT DEE
b T I 2 /MUY < I TR AR R R T O H BN SV iR IOV T
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JNE D DX VIR TRA A 7V v RESETHRE S . 3 BIORSIZIRK & 1557 23K
PO % Fig.5-8 |Z/”k . Stern-1 [TESGN D 14 %Ly OFEPFHIZ IS\ THIE 2 TREI IR~
W< (IRiG CTAalED 57 %) , Stern-2 [IMEIGD D 14 Y%Ly OHEIFHIZ I3\ THRE A
R KE < RIREKEZFERLO 54 %I2) , Stern-3 (IMEHD S 51 Y%Ly, OFEIPHIZIS U
CHMANELAR} A 3% T CHAIE 2 IS 7 SR 2 128 < (I RSRAREE TR D 71 %) L7cRIRTH 5.
FHEAT T — R Fn 039, LA IV AE Rn 13 1.2X 108 THYR 1.5 m IS 5. 341&
HITH) 10 %D & 7220, IRYKAREZ D S 2 E%A R L T D, Eiih v
2 b—3 3 C, Stern-2 CIEFM & ol U TR 5 /K IS O DI A & RIBEBL L A3 il
ENTVDZ & DR ST,

5. 2. 4 HEMMEZOVERE

5. 2. 3OMAGEREHER A RIS B ZFRE Lz, AMARRTERRE m A h#R T Opt-3
Z, MREIEIRIE Stern-2 ZHHEL L, "AARZAARTRHELB I AP N OMERE COREIIX
BAICHF SN DREECHIX L. £72, MOBERMEDHEMRIZNESGDOT-D, iDLy
DZEHBEEELOL, MAX B2 —@EE TKM 2L EOfEE Uz, BRI oM =% H
& REABRIRRE A Table 5-1 1T/ d . BURUGKBRRRIZR & RV CRI CHEKER KOV Y
LELTND.

R TR & [/ UG R 1/13.79 T, TRREE L, 1% 1.5587m Th 5. SLIEED 2 ¥ v REB &
OB LR CCTh 5. Fiiro alf ek, P L OV E MR Ehi L 7-.
EEIUEZ (2-3) A& FERICHEOKR AR TR b U Ic 2R EURE rr & Fig5-9 IR 7. JFURIC
TS REMEA D2 0 /b S, TR OFERIFREENIC T b BB O R Th 5. BEEIK
HUREL Cr i Schoenherr D2 HW T 72 i@ KPR EL 1y 36 K OVEIREEELREL K % Fig.5-10 12
AL R ER IRHURE w3 K OIBIREEEMR B K & b RIRIT/NS < 2o TS, itk
REAOIAL % Figs.5-11(1), QUIRT. LBEMBOMEEIL F &S FERIC S Then. 20
JRIKE LT, 7b— RECFn 0.40 £HEF TIIRARRTET OERIZ L2 AEDORD, 71— Nk
Fn 040 X0 @IS CIE SV ARANTERIZLDFIOEINNE 26D, £, MESILT
BN T V— REFn 040 X0 @l CUBEMUNZWEKR E LT, SBEMOMEIR DT
YBREZBND. 11 knot (Fn=0.388) Y4 OFRMNEIE % Photo 5-4 (2”9, de RARR TR
(Photo 5-3) (ZHe N EEBDO ARV NE LK I TS, F72, MEBITOKEORN G, KB
AR CIIOK I D ELALDI DR U BRI S AL TN 5.

INEHDOFFIEIND LRRRIZH A Ty 7 LR ORBREE R A HV, EEEREUREL,
TR R ERS L OV A WIS SR 2 ARSI C BT 288 (Lpp = 3.0 m) FRBRFE A4 1B IE L,
TR O LRI OBMREHEE Lic. 728, BB RICKITTREN K E WK RO
EZITV, TREOR EA2F o TnWD. 770K 3/, B 1.70m 3 L OVEmEREL
0.50 1IJFR L BRI CRIC & L, vy FIXZNEN CholfalZikit Sz, B20E ) EHP
iR K OV ENG /) BHP #hfR % Fig.5-12 (7. SBEMANIFEARNCX L, #HilfEE ) 11 knot T
H50E 71 EHP 1% 44 %R/, #1815 1) BHP 13 52 % T 5. 7B A %0E 71 EHP 18 D) 90%
ILERE PR DO BB R L 5.
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5. 2. 5 EOF

W BV 2 R— 2 ZREG IE AT ORRERIC L 5 TR/ Z b 2 EdE I Tz, ElREOEE
% Photo 5-5 |Z/” 7. BEE | AERI DT < IB3E D B OBREHE#E B D Heik o9 % [AIRFHTIC i S
iz 5L L HIT Figs-13 (27, A BIOB B EMAEZR—2 L LIZ#HE, C, D, E,
F B LG X EIURTL N 72 D 06T, Fis T O REHE B 1 IAERAUZ H~_ T 25~35%]
LThHD. FHFH Tt B & B TRRERICFE — T <, FE OB = 1 X — R
WIENT v TICEE DS TR &0, FT OPREHNEE D3R R THR L TV
WS, HERSIRETHH Z LI LN TH D . RFIEIC L0 MR CHEEIN 25 BT,

5. 3 =H=f (202) : EEMERIMOMELER%

5. 3. 1 EEMAMOFRT

EEMIRCE TR CEE LI Ao Tz 5. £ 2 CEBEMBMIIIRRS RET,
WE - TR IRIZE A A L. ZORETITENICARZ SO L 5 IZFHETE D00 K
HIET, 20D FLOME] FFOKE ELREN, 22 EICHETTKEGRCBRE
RIS LWE Vb Tng. £ 2 THEMA - BOTEMNICET 2RBITE AT hiL TE 720,
IR OHEEMEREIZ BA T 2 EHTIZ L A L7 <, IIBARITIZ L A L SN oo LR SN D.

5. 3. 2 EREALFEOMEA

FRRIBARE DA & LT FIRAE O 19 GT B2 A L=, — Al &M % Fig.5-14 12, JAPE%
DFf+% Photo 5-6 (27”7, TIGIC I VEMHIEITEZR DD, AR O FIRESITAMAD K
T XTHARTRERAR (FROEEIZH LK 60 %) %, MIREEICHEES & BftE 2R E
HEVOREITILETH D, Fio, BANTEE, BT T v A A, 2 U TRERL LE
TR T, BRI T TH L. EEMRGOr —7 LA R D720, e Rimir AT
IIEEND LR L DR ZBE CToD DOIEE, 7 aXZ[E 0 IZIXFEERO BB & 6 o
DBEZIABHIEDTZD DAL T THEREINT-T 0T H— FE8HT 5. Bl (EEME) 1
175 9 IR TE L I 2458 L ORI IR0 9 R TR ERBKELZ A L, TDOHEOD
BT PESE 12~14 knot (7 /L— FEL Fn 0.407~0.475) , #3533 12 knot (7 /b— K%k Fn 0.407)
T, ) OWEHEDLNLEM THoTHMLTLE 70— R Fn 1TE Ao, i35 &
ARG & ORRBEIL T L < e, ARGk 2 5w, iR 1 RERLL o Hidki X
ZEAFET D, LD > CTEBEMEIRM & W2 & B & HEEMEREORTEIT M\ TE 220,
T T I — ROREE G HHEEE O RS A IR T 2720, AR ORI & 18
aFE L2, FRIOETEH B X OBBIRAES Table 5-2 12777, 8L IHE R 1/20 OREE » L
2 8T, ZOFE% Photo 5-7 12T, @E, MO TIZE S 1.5 m BRE O 2
WD, &7 — REOFHINZ T 5K OMERE EORIK b & 0, AR OMER (L, =1.075m)
L L7e. ARREERCIE, HEEHE LY SMBEOM E XK E2 W2 L 2EE L. B
BRI AT (MY - B 80mm) %, FuXFE|IETa T H— R (5
FRFE o XA B 80 mm, MREEHRAHIT RN 2.0 m) A BEAEMS & ARELZR TR THOY 11T 7.
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SLRIEE L LT, 2SN ZAAT SRS FP.OFMICE S 1.5 mm DA Z v R4 10 mm Mk T,
=T 4 FA P 9-12 I2IFEE E 2.0 mm D AKX v REMENS 20 mm £ TiE Smm BE, Fih
X0 EJ51E 10 mm IR CHERS Lz, BAGRBRI 7 0T — RV L TiIrbhiz. ed,
AR XM EREBOBRERBROLA 121X, MG MPHERBICRE REEL RITT 20,
L5 1) P (e A T & L7

Fig.5-15 I &1 % (2-3) & [FRRICHER S E ClESOou b U7c 2R EURE rr &, Fig.5-16 121X
EWARPUREL rp E TR BRI K v T, 7eds, HIRKEEEBOEEEZIT> TNDN, AR
BHI/NE S EEOKD T, fEfd KO < A OBRNE &2 ORBITRE < 72v. BEERHT
£ CrlZi Schoenherr DRAEM L, TR ELRE K 127 v — N Fn 0.10 £ Tt
FRE BB 1 & 7R DA LTz, Wi 7) 12~14 knot (Fn=0.407~-0.475) (ZHEHURE D 7
A DNCT Th D 7= FEFn 047~0.50 1<, SRR n DV BT DT H D
TaXZH— R (P.G) OEWPUIN2 W KREL, IO HIECL DT XFH— A
DML T, IERIRTUREL r IR ORISR E RAEN H D . Figs.5-17(1), QU T R
TliX, oI — FORERBICRIETEEIL E WV REI 20D, TaxXTH— REEIC
FOMBEIL TR 722720, AL T ERZDWDT 5. 7 aT 0 — REDORHEK T D5
ENBEZADND. 2B, BEHH L TODIREIE L L TORWIRER T, SRR X
OWERBENRKE RS, BIGHE CTIIMEE ) TH 2 12knot (Fn=0.407, HEKRERET L—
RE Fr =092) fHECHEL FTREIOMEM Y 208K KTHL. —F, BERTIET L —
NECFn 035 22 2 LM N U D3R A IZHEIN L, #iifEE /) 12~14 knot (Fn = 0.407~0.475,
Fv =096~1.12) TiIElinaMic ER7T 5.

7T — ROEGLZRD 5720, FH S - IRPUE R, Z3# V 0 5 IREHEX Tl L <
Fig.5-18 /"9, FIRRE L LIKHUME R, Ll V & ORRZIFIERIAL 1D, ZDOZENXDOR
YPECOWTIIEEDOLENH 53, HRIPMWREHEICH Do RZEHAZHEA L. Zhb
DOANLH/OLNTAREO T B RT H— RGO AR 1D, S-DXTRTTrRT
T — ROEGUREL Co e RO T, 7o BIILZE AR NIIE L 7o RTH— ROFWEEFALTVS.

AR,

Cd =
%pAp VZ

(5-1)

I T ol TKDERE, A, IIMEMNS R REBAFMER (UR) oREERFETHS.
Fig.5-19 IT(5-2):\TRg /31 TEAE d, 2 RER S E LI A VIV ZAH R AT T H 7 a7
W — ROWHUREL Ca 2T . T2 Ty BRI H 5. F KPR Cilx 71—
REFn047 DT A ST FRITE COMEETT. LA VTR DGR Co DA
BixD 720, EHEOITEROKEEIC L 5720, HROMEEICET 2 ERIT TRV, il
HEWHHEOMEL LTR) AORENREZILND.

R, =—% (5-2)
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T LT H— R EHEHUE R 705, Fig.5-19 ORI Co DM (A% © 2.720, ik

% :2.825) MW aRTH— ROEHLAZE L&, a7 — NEL ORI ERE K
Bl o T IRBUREL e 23RO, 7 BT — R LR O @& IR ry & OFE S
Fig.5-20 IZR"3. eI — REfifREz—{KE LT % & Figs-16 ~ 3 K 912, TBIRE
BB KIZT 0T H— RELD 28~3.015L 70, EHEETRE rn X7 m T — A D
ML CRESEARD., LL, ZOFEZIVMEEDTFWEELN T BT T — ROHZDIK
EEHL, TOEIURENIREICEKST —ETHH L LTHITT 2L, 7rXT0—FKAD
i U GG IR PUREL 1 DT H F 0 72V R HFIEREBRIZ L VW RSN S, i
L B 5 LN O BHHURE rr 12K LT, 70T H— ROIHL, BEEET, BIREH
(KX BEREREHT) 36 L ONE I IRPTIC 0B L 72 X & I35 38 12DV C Fig 521 \oRd™. 7m0
— FOEHUT, PURE TIT IO 45 %R, fiifEH /) Td 5 12~14 knot (Fn = 0.407~0.475)
T TIX 25 %fRETH Y, 7aXT7H— RORPUTEHE TERVWETHS.

W FIRAE 12 knot (Fn=0.407) fHY D7 17— RfF X B % Photo 5-8 127”7
F 72, [RERIZIEHEFEIREE 12 knot 35 KON 14 knot (Fn =0.475) FH4 O % Photos 5-9(1),
QIZ7RT. I FRHE 12 knot TIIAREHENE, M TH 6 K O EBZ &R0 72 0 KRE W
TPEFE LIRS & BN RE SRR D, BGEFRETIT SV ASZANT [ TERAKL THDHR,
HHEFORBE TIFEAK LT\, (IR TIIRARNZED T D /SN AN T POKIE LV FE BN
0, PEEEREICBY 505 5. S TIXARISIEEYD 2 NIVTIREWUKRATES 220, s
DA BHE TUPEFE & 203 LV,

PILN AN T XIS IR KR & LG, iR Ik mEER E L TEREZ RIEL, £z
AT AT & PR &R O “EtE A b0, R LIRS O E OGBSI E < B
DI, NN ANTIRRE SN EE LR 2B Lol 25, RV JokE&RLIREET
& L5 TIIEKRF DOIEE TR, il EREE Th DI CIIMRIER B L Ok E
W DOKARAF AR OBEBEHND ZENHB L. LOLARRE, SARZ AT ORI
B DB TIIMERRTER OB R ORI B FIIR DAL, MERRTES I HIRE T AR
VETHLZ EPHI Lz, —J7, MEBKITIRGH LR TED L W=D, RO IERK
BRIL 2R THE VMEN R, EEEBGITKT L THREBIBKE & RO K D2
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Table 5-1

Principal particulars and test condition of saury fishing vessel.

hull form prototype improved
length over all L, (m) 26.89 26.89
L,,* (Lr) (m) 20.69 21.5

L., (m) 21.69 23.7
breadh B(B,) (m) 4.1 4.1

draft from B.L. d (m) 1.7 1.7
bulbous bow length from F.P. L,,;, (m) 1.90 (9.2%L ) 2.50 (11.6%L ,,)
aft end length from A.P. L ., (m) 1.45 (7.0%L ,,, ) 2.20 (10.2%L ,,)
center of buoyancy Ich (m)[ 0.261 (1.26%L ,, ) aft 0.527 (2.45%L ,,, ) aft
transverse KM TKM (m) 2.310 (56.3%B) 2.475 (60.4%B)
displacement V' (m) 133.2 145

L, /B 5.05 5.24

B/d 2.41 2.41

block coeffcient C, 0.924 0.968

test condition from fishing grounds
displacement V' (m3) 128.9 128.9
mean draft fromB.L. d,, (m) 1.643 1.533

draft at F.P. from B.L. d, (m) 1.52 1.41

draft at A.P. from B.L. 4, (m) 1.766 1.656

trim ¢ (m) 0.246 0.246
submersion amount at aft end (m) 0.94 0.72
center of buoyancy Ich (m)[ 0.554 (2.68%L ,, ) aft 0.770 (3.58%L ,, ) aft
transverse KM TKM (m) 2.326 (56.7%B) 2.567 (62.6%B)
blockage coefficent C, 0.9248 0.9537
displacement-Lpp ratio V/L ,, ’ 14.6x10° 13.0x10”
design speed ¥V (knots) 11.0 11

design Froude number F, 0.388 0.371

*) F.P. is the front edge of upper deck.
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Table 5-2 Principal particulars and test conditions of prototype set net fishing boat.

length over all L, (m) 25.35

L,,* (Lr) (m) 21.50

L. (m) 23.50

breadh B(B,) (m) 5.00

draft from B.L. d (m) 1.30

displacement V' (m’) 119.5

L,,/B 4.30

B/d 3.85

block coeffcient C, 0.855

displacement-Lpp ratio V'/L ,, ’ 12.02x107

test condition from fishing grounds from fishing port
displacement V' (m3) 99.1 75.9

mean draft fromB.L. d,, (m) 1.1 0.85

trim ¢ (m) 0.2 0.7
center of buoyancy Icb (m) 1.09 (5.1%L ,, ) aft 2.30 (10.7%L ,,, ) aft
blockage coefficent C, 0.838 0.831
displacement-Lpp ratio V'/L ), ’ 9.97x10 7.64x107
design speed Vg (knots) 12.0 12.0 ~ 14.0
design Froude number F,, 0.407 0.407 ~ 0.475
design Froude number F 0.92 0.96 ~ 1.12

*) F.P. is the front edge of upper deck.

Table 5-3  Principal particulars of prototype and improved type set net fishing boats.

hull form prototype improved
length over all L, (m) 25.35

L,,* (Lr) (m) 21.50

Ly (m) 23.50

breadh B(B,) (m) 5.00

draft from B.L. d (m) 1.30

bulbous bow length from F.P. L,,; (m) 0.60(2.8%L ,,,) 1.00(4.7%L ,,, )
aft end length from A.P. L ., (m) 2.00(9.3%L ) 2.00(9.3%L )
center of buoyancy Ich (m) 0.84(3.9%L ,,, ) aft 0.60(2.8%L ,,, ) aft
transverse KM TKM (m) 2.57(51.3%B) 2.47(49.3%B)
displacement V (m3) 119.5 116.7
L,,/B 4.30

B/d 3.85

block coeffcient C, 0.855 0.835
displacement-Lpp ratio V/L,, I 12.02x107 11.74x107

*) F.P. is the front edge of upper deck.
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Table 5-4 Test conditions of prototype and improved type set net fishing boats.

test condition from fishing grounds from fishing port

hull form prototype improved prototype improved
displacement V (m’) 99.1 75.9

mean draft from B.L. 4, (m) 1.100 1.122 0.850 0.871
draft at F.P. fromB.L. d, (m) 1.000 1.022 0.500 0.521
draft at A.P. from B.L. d, (m) 1.200 1.222 1.200 1.221
trim ¢ (m) 0.200 0.200 0.700 0.700
submersion amount at aft end (m) 0.500 0.272 0.500 0.271
center of buoyancy Icb (m) [ 1.09(5.1%L ,,, ) aft|0.84(3.1%L ,, ) aft|2.30(10.7%L ,, ) aft| 1.97(9.2%L ,,, ) aft
transverse KM TKM (m) [ 2.83(56.6%B) 2.67(53.4%B) 3.34(66.9%B) 3.13(62.6%B)
block coeffcient C, 0.838 0.822 0.831 0.811
displacement-Lpp ratio V/L,, ’ 9.97x107 7.64x107

design speed ¥ (knots) 12.0 12.0 ~ 14.0

design Froude number F', 0.407 0.407 ~ 0.475

design Froude number F 0.92 0.96 ~ 1.12

Table 5-5 Mean drag coefficient of propeller guard of prototype and improved type set net fishing boats.

condition from fishing grounds from fishing port
type prototype improved prototype improved
mean drag coefficient C 4, 2.720 1.958 2.825 2.104
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Field survey

!

Understanding problems of prototype with model tests in C.W.C.

& Rankine Source Method

\ 4

Hull form improvement by ship hydrodynamics

|

Hull form design

|

Performance validation for improved hull form by model tests in C.W.C.

Evaluation

Conclusion of hull form

Fig.5-1 Flow chart of hull form development.
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Fig.5-2 Wave making resistance coefficient and form factor of prototype and other saury fishing vessels.
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Fig.5-3 Component of wave making resistance of prototype saury fishing vessel.
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Fig.5-4 ACp curves of improved bulbous

bow type saury fishing vessels.
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Fig.5-6 A Cp curves of improved fore part type

saury fishing vessels.
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Fig.5-5 Wave making resistance of improved bulbous

bow type saury fishing vessels.
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Fig.5-7 Wave making resistance of improved

fore part type saury fishing vessels.



Drag reduction (%)

Stern-1 Stern-2 Stern-3

Fig.5-8 Drag reduction of improved stern type saury fishing vessels.
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Fig.5-9 Total resistance coefficient of prototype and improved type saury fishing vessels.
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Dipping at F.P. & A.P. (%Lpp, +:upward)
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Fig.5-10 Wave making resistance coefficient and form factor

of prototype and improved type saury fishing vessels.
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Fig.5-11(1) Dipping at F.P. and A.P. of prototype and improved type saury fishing vessels.
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p O trim of improved type

g_ ® mean dipping of improved type

z_ A trim of prototype

§ A mean dipping of prototype
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Fig.5-11(2) Trim change and mean dipping of prototype and improved type saury fishing vessels.
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Fig.5-12 Estimated BHP and EHP of prototype and improved type saury fishing vessels.
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A.B : Advaned Type (19GT)
C,D,E,F,G : Prototype (19GT)

Fig.5-13  Oil consumption of various saury fishing vessels.
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Fig.5-14 General arrangement of prototype set net fishing boat.
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Fig.5-15 Total resistance coefficient without/with propeller guard of prototype set net fishing boat.
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Fig.5-16 Wave making resistance coefficient and form factor

without/with propeller guard of prototype set net fishing boat.
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Fig.5-17(1) Dipping at F.P. and A.P. without/with propeller guard of prototype set net fishing boat.
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Fig.5-17(2) Trim change and mean dipping without/with propeller guard
of prototype set net fishing boat.

-65 -



2,000 w
O from grounds w/o P.G.
® from grounds with P.G.
A from port w/o P.G.
A from port with P.G.
1,500
€
B0
)
o
1,000
500
0 V (m/s)
0.00 0.50 1.00 1.50 2.00

Fig.5-18 Total resistance without/with propeller guard of prototype set net fishing boat.

Cd

40

— from grounds

- -- from port
30 - == S - - -

il r-— -
2.0
1.0
Rn x 1073
0.0
0.0 2.0 4.0 6.0 8.0 10.0

Fig.5-19 Drag coefficient of propeller guard of prototype set net fishing boat.
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Fig.5-20 Wave resistance coefficient and form factor without propeller guard

of prototype set net fishing boat.
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Fig.5-21

Model ship resistance coefficients from fishing grounds of prototype set net fishing boat.
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Fig.5-22 Component of wave making resistance of prototype net setter.
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Fig.5-25 Outline of improved aft parts of set net fishing Fig.5-26 Drag reduction due to aft parts
boat. of set net fishing boat.
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Fig.5-27 Total resistance coefficient without/with propeller guard of improved type set net fishing boat.

dipping at F.P. & A.P. (%Lpp)

Fig.5-28(1) Dipping at F.P. and A.P. without/with propeller guard of improved type set net fishing boat.
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Fig.5-28(2) Trim change and mean dipping without/with propeller guard of improved type

set net fishing boat.
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Fig.5-29 Total resistance coefficient without propeller guard of prototype and improved type

set net fishing boats.
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Fig.5-30 Wave making resistance coefficient and form factor without propeller guard

of prototype and improved type set net fishing boats.
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Fig.5-31(1) Dipping at F.P. and A.P. without propeller guard of prototype and improved type

set net fishing boats.
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Fig. 5-31(2) Trim change and mean dipping without propeller guard of prototype and improved type

set net fishing boats.
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Fig.5-32 Total resistance without/with propeller guard of improved type set net fishing boat.
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Fig.5-33 Drag coefficient of propeller guard of prototype and improved type set net fishing boats.
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Fig.5-34 Wave making resistance coefficient and form factor without propeller guard

of improved type set net fishing boat.
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Fig.5-35(1) Estimated EHP curves without propeller guard of prototype and improved type

set net fishing boats.
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Fig.5-35(2) Estimated EHP curves with propeller guard of prototype and improved type

set net fishing boats.
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Fig.5-36 Estimated BHP curves with propeller guard of prototype and improved type

set net fishing boats.
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Photo 5-1 Small saury fishing vessel from port.

Photo 5-3 Wave pattern of prototype saury fishing vessel. - Vs = 11knot, Fn =0.388 -

-76 -



Photo 5-4 Wave pattern of improved type saury fishing vessel. - Vs = 11knot, Fn=0.371 -

Photo 5-6  Set net fishing boat at North area of [wate Prefecture (19GT).
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| M.S.No.6019

Photo 5-8 Wave pattern from fishing grounds of prototype set net fishing boat with propeller guard.
- Vs =12knot, Fn=10.407 -
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Photo 5-9(1) Wave pattern from fishing port of prototype set net fishing boat with propeller guard.
- Vs=12knot, Fn=10.407 -

Photo 5-9(2) Wave pattern from fishing port of prototype set net fishing boat with propeller guard.
- Vs = 14knot, Fn=0.475 -
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6
M.S.No.6044

Photo 5-10 Improved type set net fishing boat model.

Photo 5-11 Wave pattern from fishing grounds of improved type set net fishing boat with propeller guard.
- Vs =12knot, Fn=0.407 -
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Photo 5-12(1) Wave pattern from fishing port of improved type set net fishing boat with propeller guard.
- Vs=12knot, Fn=10.407 -

Photo 5-12(2) Wave pattern from fishing port of improved type set net fishing boat with propeller guard.
- Vs = 14knot, Fn=0.475 -
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