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Modeling of Ship Wave Generation for NOWT-PARI and Its Verification
- To Apply the Model for Port and Harbor Operation -

Katsuya HIRAYAMA*
Naoto HIGUCHI**
Junya NAGANUMA***

Synopsis

In recent busy ports and harbors, their tranquility must be affected with not only storm waves
propageted from outside but also harbor waves generated by inside ship navigation. In this study, a
new ship wave generation method is developed and installed to a Boussinesq-type wave
transformation model, considering expandability of setting of ship navigation channels and
applicability for variable ship shape. For approximation of ship shape, not only the modified
parabolic function but also the Lewis-Form are used. The Lewis model can reproduce results of past
model experiments in over same accuracy on comparison with the parabolic model. In addition, the
horizontal 2D model for ship wave generation are introduced to deal with a flexible layout of
navigation channel in a harbor. Besides, ship waves generated at a turning point of navigation
channel are newly measured with using a radio-controlled sailing model ship and a measurement
system of the moved ship position. So, though these results could be almost represented by using
the present models, a cause for overestimation of the maximum wave height at the outside of
turning ship is not understood because the influence of sailing ship oscillation for ship wave
generation is still not clear. On the other hand, the way to estimate with both the midship section
coefficient: « and the tuning parameter of side fluxes generated by sailing ship: m are introduced in
order to apply the present models to various ship shapes. Especially, it is proposed that “m” would
be estimated with an interpolation among several calculation results of ship wave reproduction for
model experiments, those are given to various ship properties and water depths. The verification
with an estimation based on observation results, however, indicates that the present “m” may be
under estimated for the actual scale. Therefore, it is required to consider viscous effect in the model
experiments of ship wave, those are conducted by using self-sailing or towed various model ships.
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T 2T, HH & R U A ARE L TARAR S (2004)
DNFEME U 7= AT SRR B T DR o BT+ HK
BEFEEMGEE LT, &R UG E Bl
LewisiTll & W= ARET /U L 0 FEli L, WatEisERs
g L7z, 72720, FRITMR U602 E L CilE SN D
TR LM L7z

(1) FHRESAM:

AT S VRIS (20 o T2 KR L5SM O AL O 1T — &
AR, BT KEELEMIZ ZE 5 ABL1L/50 0 —HkAHmE & U7 iE
JEHTE AT L, HUERICIN - T2 O 4T J5 17 Z xdili oD 1IE,
INEERTHREGMEZYEIOIEE Lz, Z0&E, HlE
ETiiy=0m, Bl B Cliy=675mEEINnND. £, =
DOIMINZIT AR VBIZ L 2 MR R 2% E Lz, &
BAHIE O 1R 1Z2.5m (=0.042m*60) & L7=.

—7, MRdiIFy=0.6~120%iF &=, K(@Q)F D
Maff X E-2. 61216V, (Lpp/AX)*(Bs/Ay)=187.41Z 513 B fif &
LT, WL TiX(ma)p=0.40 (mp=0.64), LewisiT{Ll
TiX(ma)=0.48 (M =0.67) &\ 7=, 728, BAD (2004)
WX D&, BHE L TEI DM O i RIS %K IS
LoThibans.

(2) FHRER
y=100mAiz. & CHE S 4172 FrfiE 2563 2 ATBREE o f K

{  Present-cal.(Parabolic)
V__ Present-cal.(Lewis)

—— Approximation formula(2004)
O Tanimoto-cal.(2004)

3] b

N
O<<

0
0.0 0.5 1.0

Fn(=Uf(gh)®?)

1.5

X-2.9 FulElC X 2 HBNE O Kk EHLIO 281k (y=100m),
FHEH < AU 5 100mM s O F K, B KR — R
HFn

2.0 . s s s
Fr=0.8 —— Estimate Value(2004)
15 O  Tanimoto-cal.(2004)
L ¢  Present-cal.(Parabolic)
E V  Present-cal.(Lewis)
x1.0
£
T
0.5
0.0 .
1 2 3 4 5 6
y 1100
@ Fh=0.8
2.0 . . . .
Fr=1.0 —— Estimate Value(2004)
15 O  Tanimoto-cal.(2004)
L {Q  Present-cal.(Parabolic)
I V  Present-cal.(Lewis)
x1.0
£
h
0.5
0.0 -
0 1 2 3 4 5 6
y 1100
(b) Fh=1.0
2.0 . s s s
Fr=1.2 —— Estimate Value(2004)
15 0 O  Tanimoto-cal.(2004)
. v ¢  Present-cal.(Parabolic)
E V  Present-cal.(Lewis)
x1.0
13
Ry
0.5
0.0 -
0 1 2 3 4 5 6
y 1100
(c)Fh=12

X-2.10 #HE _ECToH KW E HnadHi DO 21k
FoEdh « Fie KUK B Himax & AL 7> © 100mt s oD e K i H1 D Hr
R - WU S T M~ D BEEEA 100m T L 7=



EHIOZA b ZE, BARS (2004) (2 & % FHEREF R OV
K& L BITE-2. 928 T, Fa =098 LTV
TFLRIBEOHIZIAESE LN, FIRMEOFHFHE
RIFETAMTIEDL DX, KFIZREN/ NSV E X DOH1Z
KEF LD ) LHHEE, Lewisiitl, BSAEF L OIE
IZREV.

F72, Frn=0.8,1.0,120 & it ETH BN DI KER
FeHmadHiD 2 b %, KA CoEK - BT - BEAE %
EELEAAD (2004) 1Tk rREME & HICK-2.10iC
AT P, Bonib Ltz A, SRR Lz
FHA EOYEEIF100m TR L. 2055, Fa=1.0TiX
A B A RIET BT R O BB £ 5 I8
B TRB IR - WAKERT DT, WO
ETFNATHIRIFERRICHEES LTS, LirL, Fn=08
Tldy=300mf{ AT I W TG RIS X 0 R S it
BIRRE 0D i I v AN I AR T DI AN A T, E Tz,
Fr=l2 TIEARET LD 5 LRARET L, BRI, Lewis
ERONRZ, #E B2 EFTIRRESHD/NSL 725
Brch 5. 72k, oMM EEROF =1.0THEMNIC

FE-3 1 B (TY=a U9

\ VitV A W\ \
BH-3.2 F—HNLRART—vary (=ar-- )7
# Trimble S6)

oD, BHESICBOYTINSDOFRKIZIARHTH D2,
KETI/ILTITEICF =100 Eo & &, ARET/LITHA
WURsE OFFEEIC L AWMEN L VEE L 2D L5 TH 5.

3. FEmEKEIZH TS MEhEOETHRIEER

AT T, A72e< &b AR THOW MR EN T T
U, FHERASTIRICIE U T A IEREmME AT
ik, AES (1983) ABHWTARBRIAR D KR 2 7o iR
THEW T DM 2, R LICHETE D &R
Ehi-. UL, ZOFFAMHIESRET, —8Y OKE
EEMATT 2 & DA R Uiz, SR o ERE I
EONWTHESNZHDOTHH-T=

FI T, RELOKRETIE, ERDKE - iasETic
S U TH AT ER OFHIERZITV, b0 RE
BT 2 ET MR ENGHEE LT, ZOENICD
WTHEERMZT-., S5, FHEAMICE O THERZ
BESETHEME LI AREROEIE 2 E 2, B
BEIARTZNT T2 <, BRI W THEZ: 5 2R ChER 4
5B 2SR BRI G & L, BRx 2k, mvdiTt
T HMBRE 25T 5 & & BT, ARBFSETHOW MUY
WEEET ML D IO OBBEHE % I L7z,

3.1 FHEIEBROME

R OERIL, B S£940m, 1F918mo FhAl (F
2T VT = — AP =X hKHE) IZBWTCEMLEZ. &
AT, EITESH AR E UMY o &
FBRTIL, BEE SR — AR A R S8 5 5k
R0, B ZEE LERMABFEIC K s TKBEZELED
FikERERH 5. LrL, Lo Pkl ci—k kKo
FAREBSLCRMEELHB LRNTD, ZOWTho Gk
LA TE AR,

ZTIT, AHIETHE, T4 —t =y IVKESYT
UTHRED a7 2EETsAER0TVa v (B
B-3.1) AN E LCTRE L. 2 OHEM O
JCIE IR ELp =0.75m, JHiEBs =0.20m, M27Kkd =0.066m
(7u v 71 HBC=0471) THDH. £/, HETIHEA
RO IRE & %l 2 OALEIFHROTAFICIE, B By 03D
R LIZTHOON D HERS THD h—F VAT —
v (BE-3.2, =av -+ hU Y TUHL Trimble S6) % 7]
MATHrz L& Lic. RFETE, Z0H)bL—VEKEH
T57) R LAOEENBREEATEA LT, SR RICH
U2 U XL EREHRIFE0.4s (25Hz) CTERET
L2 LICRY, BRMOMNE L HATIEE (B, mE)
ZEHAIL7Z. 85I, 20 & S AT HHBNE O
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Madel ship

Navigation channel

Direction |
13500 |

4600

ILT‘T]I L |
/,/,= :,,.f;=
//i N %

o

/[[>/P\/]\/P\/I\/N/I\/T\

T

®-3.1 SEBAEER (4{KX)
\\\»p £-3.1 F7r— 2O U [m/s] e QUK 7 /L— F4% Fn,
j e FEANSL A U [mis], LA : KTE7 L — %K P
L \\)9 N O h -
Y. . e Y R i
) 9@% Vo, & b case h=0.15m | h=0.20m | h=0.30m
“'\i@@,}:\i’f% K case01 1.00 (0.82) | 1.13 (0.81) | 1.18 (0.69)
“‘?’f’i’\:\’i’%}‘% < 31' case02 0.97 (0.80) | 1.08 (0.77) | 1.11 (0.65)
NCRNE 5 case03 0.94 (0.78) [ 1.03 (0.74) | 1.03 (0.60)
Route : Strigh n,\;\:LrH_ﬁ- Naigason channal case04 0.85 (0.70) [ 0.87 (0.62) | 0.96 (0.56)
. ;{‘[‘“‘L‘[J;m;]";“} :_" T — case05 0.67 (0.55) | 0.70 (0.50) | 0.78 (0.45)
e s Direction case06 0.53 (0.44) | 0.4 (0.32) | 0.51 (0.30)
- fiEg : gz ()
=-3.2 %Eﬁ@ﬂ% (Tfi\‘j() case h=0.15m h=0.20m h=0.30m
case07 0.99 (0.82) | 1.15 (0.82) | 1.24 (0.72)
case08 0.96 (0.79) [ 1.09 (0.78) | 1.15 (0.67)
case09 0.93 (0.77) [ 1.02 (0.73) | 1.06 (0.62)
. - . T — . casel0 0.89 (0.73) [ 0.86 (0.61) | 0.93 (0.54)
L7z 75§, MN—=FNVAT— g &) XLORIZERY casel2 0.51 (0.42) | 0.49 (0.35) | 0.56 (0.33)
. \ . Mtk BE ()
PIFET D L, COBBRFOMBESRBERY, VAT case h=0.15m | h=0.20m | h=0.30m
Alk, FORWIZEHAI SN MIEFRICESHBZONATL casel3 1.00 (0.82) | 1.15 (0.82) | 1.19 (0.69)
9. 22T, AL BIUHEMETEO L) BF coseld 099041 106 (0,70} 116 (06T
- L ) casels 0.95 (0.78) | 1.03 (0.74) | 1.02 (0.59)
BENAETRWE S, REEEFHINET 57 —7 v casel6 0.89 (0.73) | 0.85 (0.61) | 0.95 (0.55)
g O RE LIS IS OO EE 249 & & BT, SHkS L casel? 0.68 (0.56) | 0.70 (0.50) | 0.77 (0.45)
N casel8 0.49 (0.40) [ 0.45 (0.32) [ 0.55 (0.32
j-éﬁﬂ%ax—ﬁ;b, ﬁ‘ Lﬁ\ab‘ﬁL% K—Z )NV AT — SRR (Hﬂg) (*)( ) ¢ )
a U EFOMERHR L CGGHIlZ T2 & & L. case h=0.15m | h=0.20m | h=0.30m
bl A ) el | e S casel9 0.99 (0.82) | 1.15 (0.82) | 1.23 (0.72)
MU O FHHI BRI W) TRRE L7 LIS K OV & 2 case20 0.97(0.80) | 107 (0.76) | 1.13(0.66)
BEEE-3.1 (&FKK) KOR-3.2 GEKK) 2R 7. #it case21 0.95 (0.78) | 1.01 (0.72) | 1.06 (0.62)
BT, BEERICIN R, FOBREICEIT AT B case22 0.89 (0.73) | 0.86 (0.61) [ 0.94 (0.55)
case23 0.69 (0.57) [ 0.72 (0.51) | 0.78 (0.45)
T (b, o, K) O CARMIZHER S 72 E ik case2d 0.47 (0.39) | 0.46 (0.33) | 0.60 (0.35)
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WS> B 72 DRI Z BE L7c. Aods, Jm i o428t
AEITERZN, £30° , £940° , K55° THDH. 7o
RS AU, ERRUE I TE R JBROER RICERT D 2 L

E L7 EERHE, ZolRR Eoeis (H-1~H-6), &
Ulﬁﬁ‘ﬁﬁﬁﬁﬁllqzﬁﬁ%&,ﬁ (H'7"’H'9) u+9ﬂ£ ‘JE' \_.nX

L, EHUSICHR BTV H-1E OH-T~H-9 TOHTHE 2 5 D
FEEfEIX0.8mE Lz, F7-, EHBRHIKBIZH > A S5
H-7% COBEEZ16mE Lz, X512, H-1~H-3%UH-7
~H-9D ¥ & FH IR 1320.8m, H-3~H-6D ¥ & 2k 1L1.6m
L.

FERUAN DS H B3 % /K 7130.15m, 0.20m, 0.30mo 37 H
& LT, EEIE, SIS oW CeRE o E L7z,
B OREEEERAE DY T2 — 2220, b
—HNVAT— 3 CTEH LI 4 G 2 ORLEE# D

T-MEU [mis]2F&R-3. NWCEEHE L=, 22T, fHIIHNo
BHIIAKE 7 V— FEEFRhvE RS, ZORERN LMD &
T, AEBRIC X DMBRE DAL, B oM RERR R
DKL, KIET L — FEF=0.30~0.82D i TFMi L
. 7ek, B-2.8RNEDOBEBLITHEZIE, Fn=0.80F2% %
X CTHE U DHmadd, AADSESG CHAET S Y U b st
ALTWBdEEZOND. LIEN->T, HRKOHmaI FEAE
T5Fh ZRETDHETITEELRVL OO, KREBRTIHE
WS NTMBREL, BES (1983) &[EER, MATAAAD
AT CRAET DN TN TN KB & 72 BHHE 73—
LTWBE0ERELT.

ZD oL, KEEN=0.15m, KETL— FEF=082 & L
7-case01 (EHR), o gz (VN), caseld (&
i i (F1)), casel9 (mih : iz (K)) (2R DL
BR K ORI 2 -3, 3~ -3, 61277, 728, X
Mo Ny F o ZEEIE, R 3 & FTH-1~H-6531 D A&
EM L2 2EATOSBEZRLTRY, ZORMEF
B LI EEHISRORTREL LTER L., £,
oD & — Z DEFHRRE BT OV TIE, RIS R

case07 (@
JE

3.2 FEROMEBE

ELRRATIE ek U CHEE 22 R B ISR E L 72 H-1~H-6D
Wtz st s L, 26128V TEHIES - iibhg g
EPuT v u AL TELND, KKIETOKE
7 V— R X2 KR O L& B’-3. 11T, &K
MoElE H-3.8iIcFnEhurd. 2720, K-3. 7T
e K% 8 Himax & BB O WK A T, BI-3. 8 T ldfie KA i
Tmax % (d/g)°® (QITEIIEE) CTENEFRTR (L L T
W5h. B, HXNIZIE, MBS 5 E O E R
ol EHIZER LTV A ERZEMTRLENEZER
~LTz.
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9, B-3.7245 L, WTNOKETHHmaxlIFn O

Lhicine, HoREEZBAD LT OEE DM
RELRDZERLND. B-2.80FBLEIHEZE, Zh
AR THRAT B %BE S BT 2 RE O E TRAE
TL5YY PPN EET ORE~EEE LD LB R
bID. 72, ZOFfEIIKIEIC K> THRAR Y, /K%0.15m
(d/h=0.44) TILFr=0.70-0.80, 7Ki%0.20m (d/h=0.33) T
1% Fn=0.62-0.72, /K¥£0.30m (d/h=0.22) TIiXFn=0.56-0.61
Thbd. Tihbb, BKIZH L TKRENEN OREIZK
LCHIKA/NE WD) 128, KV/INESRFMETY Y bl
DB L DHnax D RKBAEL D Z ERNbND. 7B, K
-2.8IZBWVW T ZOREIZOSRRETH D Z &AM D
2, TOLEFOMEIKKGELIZAh=067TH Y, ZILE
SLTDMEREFIE L7V, 52, Zub ORISR
PREEIZ IS U TE(L LRV, Frll & 0 22167 5 Hmax DAE I
RIS L CRIENIRWE E, KBBNICH TniE &

BRI DA DM 2 .

WIZ, B-3.8% %5 &, Hnax& AR, WTHDOKETDH
ToaddFn & & BICHINL, HEFEEZBE XD & ZOMEE N
BICKEL 2D Z N D. £z, KELIMED
0.20miZ Nz, 7KZ0.30mDH-5~H-6 #1512 31F 5 Z DFh
fEHHnax E R TH B, I 5T, T OBRBMBIE A

WIGE U TR LN & b Hna & [FRETH D03, Tmax DI
KRR ATEERERIC LI TIRE—EThD. —7F,
KIE0.30m?D & &, HLEITITE VW H-1I~H-4/#1512 81T 5 Z D
FMEIEHmax 2k 5 b DIt~ L/ E W, ZOFFICD
WTIHWEDE ZATRHTH LA, KEIZHD DEKD
BIGW2EFRE L R b/NENWD & L DBREREDNS.

72E, Frllii UCELT D Tnax DI 4 0.2~0.65FLE
TH Y, W ORI TR T T 2 ERE O JF#11.0
~20sFREIZHAIER /NS, LR > TZOHFAEITIT
KROREVE (REERD) 2L 2WEBEOBENRHETE
RN, %ilﬁﬁﬁkiﬁE%ﬁi’b?‘:u%faﬂﬁﬂéﬂtﬂﬁﬁ%?ﬁ
OEIEN & 2 TR A UG 285 A41I0E, B
BDHETHD.

3.3 TEEIRFO/BK

BRI T, MURE IS I3 L CAE A X FRICARIE
T D720, BRI O AZRI 0 B CEH & LT AR T &
)L LTI R EM L. —F, BBV THD
BB CTHBMNCHER T 5 2 & A3k D B2 JE H R L kt
LTI, BEIEIRRIZF AR 2 MR 23 A2 A7 e FRICAR IR &
LZEPHESND. T T, ZORTFERZ DD,
T T, TR O NN ALE T DH-3, R OSMANAL
p?é%lHQT%@%MK%%&%L%ELTMW%



FEE L7, ERAEE & RIS, fMREEEe T vy e

AFRBT L TR B AL DB KR T V— REFC & D RIS
DEE, HEEINNINL DO BIEIZ, E-3.9~F-3. 11

R E e, RREBOZE, I—3.12~l—3.14_
RY. RE, R Hma RN DMK T, B RS
Tmax % (d/9)%® (QIXE /N EE) TER LR EER T/ L T
Wh. E T, BRNIE, MRS D EEEOALER
FRELEBITER LTV DM EF 2 BRI TR LI EZBE

RLTZ. 22T, EBMECTOFNERLE OIS ERD
BRI, A O PN A B9 2 H-3 Tl g oo ==

ﬁk%<&éikﬁ%hﬁo% SMANZ AT E S D H-7, H-9
TIEIMBEDESND Z EICBE SV, F£72, H-7, H9
WDWTIXEAE COFMFMRE R L TORND, =
o EHUE S OEEENR CH-1TOF R 2T
Bz ERMRELTEL.

T, B-3.9~H-3. 11&2H5 &, WTHIOKGEKOH
BTh, BRI L R CHmdIFn s & HICEmL, 5
FiEZ B2 5 & ZOMEENEWICKREL 2D Z Ebn

. F7m, KBIZIELUEZ OFEDEW (KZ0.15m
(d/h=0.44) : Fn=0.73-0.80, 7Ki%0.20m (d/h=0.33) : Fn=

0.61-0.74, 7ki%0.30m (d/h=0.22)
BOGAE LIZIERBETHY, HRICLD2EBBWVTED DN
2. LTdo T, RefEOBINCE, B THRAET D
Bl S AT BRED DM E THET SV U bR
BT DRRE~ BB L, 2 oBKITH L TRENSEN

OUKIBIZHR L TBUK /N E W) 1EE, KD /NEeRfET
VU bR DEBIT XD Hnax DR U D HAR1T, dhR
DREZZED LT, ZEEAHEOR AL T HIE
BRI b5 2 ERER SN,

— 5, MDA THHA SN D HnalE DO K & (220 T
FHRICL2EOAECROOND. Thabb, #FE
DB EEMILEE 235303 < H-3TIE, #FISBKITH LTk
TEISTEVIZ &, Hﬁﬁ¢é<%ﬁ&ﬁiﬁ%&&é%l
THmax{EAMENTHEIIN L, #1252 S DH-7, H-9TiEHmax
ﬁﬁ@ﬁmﬁ&#é@ﬁthé._n% I,
BEMRHE COHER SN, EHRICHE HEREOEWIC
IabvortEZoNS. LhL, MBI HRBE, T
HTEE NI OH-3TIE, SMRIOH-7, H-QIZ A~ THLEE 30T
WHIER (R) O —2E1F TR, MKICEE - P2
OORFRDOIZIE XA LICESHT2HF (F) <, Mk
NiEWEE (N O —ATYH, HBEENSKER & D
HPEATE Y RERHdER3FHI SN TS Z ERbns.
ZOFKE LTI, H3TREESN DRSBTS TIX
it AT OB E T2 2l S - At o3
HETAHEZOEEDPNS.

: Fn=0.54-0.62) & LA

-12-

Wiz, B-3.12~K-3.14% %5 &, WTNDOKEKLD
MU TYH, ERRE & RIS TnadIFn e & BB 25 2
ERbnd. L, Bl oM AL E T 2 H-7, H-9
T, #iRICEST, TOMENEWICKRES D LD
R A LN, £z, NANCALE T HH-3TH, B
BPRKRELARBIFE, ZOFRMEOHBE I E AR T
HoNELDERLD LIRS, Tbb, Bl
T, BRI & RS, FofE OB R LRI 23 5
BT 2WRENS VU P U NEMT DIREE~ & %%%’ﬁhé
HLOD, TnadED KX S 1%, FRH TR O SMETI
BIZAZHINT 5. ZORIK & LT, %%@Mﬁ’&w
MECTEE SN VY b0 EEIRENSES HORIR
TEAT D70, MBOIMITITZDORENR, VI Fv
B EET DR B IR KK OE O L 72> Tz
OTEHBROLEHRESND. —T7, REEREEIIME O
RICHEND D, B#aiEToY ) M AEOBEBME
I OAMA L NI TR D720, TmadBIZBEI LT, M
LRI EERNECTEb O EEbiD.



X-3. 4

X-3.5

X-3.6

(000 ¢ ¢ o

o o Ship track

E £33
1+ Wave gage

40 30 20 10 0
X [m]

(@) MUHR Ciieduh « yEEAS, A« xPEAE)

1.5

0.5 1 I

Ship speed [m/s]

0.0 T T

Time [sec]

(b) AR ORI (fitdh « A, Afh - B

K-3.3 b—F AT — 3 2K HMRENRFHFER (BEAE : case01 (h=0.15m, Fn=0.82))

*
*
*

i o o Shiptrack
1 ¢ ¢ Wave gage

40 30 20 10 0
X [m]

(a) MUBRE Gt - yPeagE, R « xP2AE)
N—=H VAT — 3 N L HRENFHIER

18 1 1 1
16 4 3
14 4 3

124 3

£ 10 3

>~ 81 i
81 o shiptrack ]
21 ¢ ¢ Wave gage E
0 T T T

40 30 20 10 0
X [m]

(2) MUBR Gigeoh « y/ehs, Al o xRRf)
h—=F VAT —3 g 02 L HRFEAREHIRE R

18 :
16 3
14 3
12 3
£ 10 3
>~ 81 i
81 o shiptrack ]
21 ¢ ¢ Wave gage E
0 T T T
40 30 20 10 0
X [m]

(@) FBRE Gioedh - ypek, Rfh : xFEiE)
b —H VAT — g 02 LD RER e FH R R

1.5

1.0 1

0.5 1

Ship speed [m/s]

0.0 T T T

Time [sec]

(b) AEDEERL (Gitlh - Ay, R )
(g [dh== (/N)] : case07 (h=0.15m, Fn=0.82))

15 ! ! !

1.04

0.5

Ship speed [m/s]

0.0

0 10 20 30
Time [sec]
(b) MEDORERF] (it « fivi, R . RERE)
(i [dh== (d1)] : casel3 (h=0.15m, Fn=0.82))

1.5 : .

1.04

0.5

Ship speed [m/s]

0.0

0 10 20
Time [sec]
(b) MIEDORERS] (fthh : fivieE, o KR
(e dhisg [dhi=R (K)] : casel9 (h=0.15m, Fn=0.82))
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Trmaxl(dlg)®®

12 12 12
0-O H-1(Exp.[h=0.15m]) 0O H-2(Exp.[h=0.15m]) O O H-3(Exp.[h=0.15m])
10100 H1EpIn=0.20m) 10100 H2ExpIn=0.20m) 10100 H3EpIn=0.20m)
N9 v H-1Exp.[h=0.30m]) N9 v H-2(Exp.[h=0.30m]) N9 v H-3(Exp.[h=0.30m])
[
0.8/ 0.8/ 0.8
ko] T
> ' \x v
061 306/ %0.6]
Yoy | o= v P £ 0
v
041 4° 041 4 0 041 v o)
¢ @ &
v 9 ol
0.2 . & 0.2 v o 0.24 v
V&
0.0 Vo ‘Ovﬁ)e/‘o : : 0.0 7 ‘OV{}O‘ : : 0.0 w3 OYOS%} O :
“02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09
Fr(=Ul(gh)®®) Fa(=Ul(gh)®>) Fa(=Ul(gh)®3)
(@) H-L1Hi5 (b) H-24 £ (c) H-3Hh5
12 12 12
OO H-5(Exp.[h=0.15m]) O O H-4(Exp.[h=0.15m]) 0 O H-6(Exp.[h=0.15m])
o]0 0 H5ExpIn=0.20m) 10100 H4ExpIn=0.20m) 10100 HoExpIn=0.20m)
N v H-5(Exp.[h=0.30m]) NV v H-4Exp.[h=0.30m]) N9 v H-6(Exp.[h=0.30m])
0.8/ 0.8 0.8/
3 3
06 806 £0.61
T T
oo
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L7-& & LRI, 320 LBl ERD 9 HEM
LR CHEW SR OFHAE R A W, BET S
A (792 UM 12xb 57 VREREm,, m,
B O 7L 8 D (Lol AX)*(Bs/ Ay) 1T 55 % 251k % 45 K h=
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TTHFENTIN D IAAD FOLE N S OHEETH 5.

Fifg 2 RITH T OMBNE ORI, 1 kot & FIEE,
BHEG & ME IR RN BT DI IZIS U T,
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Wi bITVH-1 (0.5m) HisUZI W TRk Uik b K& 72
HmaSHll S 7 — R & Lz, EBIC, mad ez



1.2
1.0 A 0, =11{,-'nm£ =-0.106In(x) + 1.0074
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WEszexg e L, 205628V CHEl SN
a7 v T a AR LTHRLND, FKETOKE
7 — REFZ £ D R R OEIZDOWT, 3. 28 TR
L7 BRIk 5 FHEE O E L, KENIC, B
-4.4 (h=0.15m), EX-4.6 (h=0.20m), &-4.8 (h=0.30m)
WCZENZIRT. RBERE S, RKEEHmE BKIT
|y T 2 & L b, Ml 2 met ofE Bk
LOFEE LIz Est 2 2RI CR LEEREZRE R L. £
7o, ThH OBFBIFRICHEM U ARG E L R-4. 30
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HENTWITHED LTna. —F, Lewisdtfdl T, W4
NDOFMEIZ T D HnadE S LR L HH L TR Y, W
BOE LU EE_BERAER SN L RNHERTE S, 2770,
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$—< H-3(Cal-Paraboric.) O~ H-7(Cal-Paraboric.) O H-9(Cal-Paraboric.)
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X-4.18 JKIRZ )L— FEFZ & D @Hma D2 b O bl GRS e dies [dh=: O], 7K¥Eh=0.30m),
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12 12
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foeh - e RKJEH Tmax 2 (d/g)°> (d @ BRAK, g : BEOIGEEE) CEKI(L L72fE, Bl K7 L— R Fn
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-27 -
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B-4.22 JKIRT )— REFnZ L 2 A Tea D 2L O LG GHUMLRR]) R il [dh== (F)], /Ki%h=0.15m),
e < ARSI Tmax 2 (d/g)°5 (d : BRK, g : EANNEEE) CTEER (L L7ofE, b . KIR7 Lb— FECFn
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Trmax/(dig)®®

Fn(=UJ(gh)°?)

(a) H-34h5

Fr(=UKgh)®®)
(b) H-7Hh 5
K-4.25 JKEZ /— REFZ £ 2 e A W Toa D (b O il GHAMERD) R dhiiEs [ (K)], /Ki%h=0.15m),
Foedh - B KSR Tmax 2 (d/9)®5 (d : B2k, g: EAMERE) CTERT/L Lo, Fh : KEZV— FEFy

12 12
-0 H-3(Exp.) [dx=0.044m,h=0.15m] G-© H-7(Exp.) [dx=0.044m,h=0.15m] G-© H-9(Exp.) [dx=0.044m,h=0.15m]
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X-4.26 KEZN— NP X 2 @ B Trad 28k i GHEIHER) R dlfiiEs (=g (R ], 7Ki%h=0.20m),
TCHH - I KB Tmax 2 (d/g)®S (d : WK, g : EUMHE) CHERIT(E U7ofE, Rl KEZ v — RECFy

12 ‘ ‘ 12 ‘ ‘ 12 ‘ ‘
G-O H-3(Exp) [dx=0.044m,h=0.20m] G-O H-7(Exp) [dx=0.044m,h=0.20m] G-O H-9(Exp) [dx=0.044m,h=0.20m]
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6 S 3 6]
5 %
s =
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2 . 2 2] .
* g s
0 : : : : L e 0 : : : : L ek 0 : : : : L Hee
02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09

Fa(=Ulgh)®3)
(c) H-9H 5

12 12
GO H-3(Exp.) } [dx=0.044m,h=0.30m] G0 H-7(Exp) ) [dx=0.044m,h=0.30m] GO H-9(Exp.) } [dx=0.044m,h=0.30m]
O H-3(Cal-Paraboric.) O H-7(Cal-Paraboric.) O H-9(Cal-Paraboric.)
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®-4.27 JKEZV— REFC X 2 R AW Trax D 2 b0 el GRS R et [dhse (K], KEEh=0.30m),
fith B Tmax 2 (d/g)0° (d : MK, g: EAMGERE) CHKIT/L LMl il KE7 v— R Fa
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5. MBKERETILORAMICET 58

AR, ENE BT DR EE D BBk o

BRMEIN, TOBIRKRICESE, E7L— K
Wk AR OR RKEESOHEANRREIN TN D
(ME 5, 2017). ZZ2ClE, ZhbHEHEEEE LT
R 2 IR RE L, #Rx BT 2 RET LD
AR L.

51 NEHREICEZ2ETILRERBORE

AWFFETIE, 2. 281 % 0. 2BV TEREh, £k
EHATTD2RMES (1983) ORER K OIE DT ¥ 2 i
12 & D MU O FHIES Rk 5 FHEE Z 1T, A0
I DENEMTHT 5T TR A HE L.

T 2 CARHEITIE, AT CHIZ RS U I MR &
FIORAEE R B 725, Z S OHEERE % R
HZ LR, KRR TR E Lz b O L3R DAsAAE
TEAKE T B 2203 G L VKR T D T AR IEAR S & HEE
52w BTz 72720, BB OLewisiT{El o>
BT &0 R ) 2 miE O B b E A A R o
T, B-4. 3R T BKK R d/h=0.33 % (10.221Z %} 5
ZmEOEAMEIC OV TE, Q) FEHX(L), (12)THR
O EN DR OEWK T VO AL &0, 5%
DR EETLLO LTSN D.

L7 oT, 22T, B-2.6&K0E-4.32B81T5%
NZNOMUKKZEE (d/h=0.67, d/h=0.44) (=% L CTH5
iz, BHED (1983) ¢ SEER CIXAFEE K OANFFE C Fhi
L 7= F2B3 TILSFEEE 0D (Lppl AX)*(Bs/ AY) A 53 5 miiE %
W, K(13)-(15) TFE & D bilinearflif 2 @M L=, D
FERAT DAV E T U IERE MO w44 &, e T L
BICR-5. 2R d. 22T, KFPoOHITAM S (1983)
ORI, OFNE T ¥ a Vs d 2 € 7 A EAR R O
ERTHD. £, KHNTRHTHG L3 54 5 BHEOM
MaFE I L KIRICKIT 27 2y R THD.

f(i, jl): f(ill 11)
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+(f(i2: i) f iy, Jl))(l —iy /iy - iy)
f(i’jz): f(ilvjz) (14)
+(F(ip, o) = f (0, 52)) (i - iy /i, — iy)
f(i,j)zf(i,jl) (15)
+(fi, J,)— £, 0)) (i - i/ s - ir)
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(i, DOFEFEZ R T D WHET (i, )EELFETHY, OR
and/or OFEID4 T &SRR L T2 2 023 O RE I8 3
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F-5. 1 MNFET R ORI RN L7465
BHEE g B2k PA=DRAE

Lo B, d BC
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ap a m, m,

aAVTFIMm 0.66 0.76 0.66 0.67
RORO## 0.40 0.47 0.58 051
B 4rh— 0.68 0.78 0.60 0.51
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