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Abstract

When a ship is moving through regular waves, the motion of the ship may be treated by
the slender-ship theory. The consistent expansion of the slender-ship theory in the bow near field,
where the distance from the bow is 0(¢!/2) with ¢ being the slenderness parameter of ship, can be
performed under the high frequency motion assumtion. For such situation the forward speed
effect will be included in the free surface condition for the lowest order unsteady motion potential.
Thus the governing boundary value problem for the unsteady potential coincides with the time-
dependent boundary value problem?®.

Based on the time-dependent boundary value problem, Chapman® tried to analize the motion of
a flat plate in yaw and sway oscillation in the uniform flow. The results of his calculation gave
a new light on the strip theory as advocated by Ogilvie®>. However the extension of Chapman’s
method to the usual ship-like body has not been accomplished so far. In this paper the extension
of Chapman’s method to the usual ship-like body will be tried and moreover the rational strip

theory with forward speed effect in the free surface condition will be developed.
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[F] —o*p+2i0Ups+Upze+9¢=0 on z=0
(4.1)
ZikR 35 near field ©p 2—D SERMEME (2.1) ©
fi#ix, far field potential ¢ inner expansion

oz, v, z)~§gw dketkagk(fp)e—iv)(Uete/TUNYy)

(2.21)
L matching § % = & & H7z, Ogilvie & Tuck® 0fig
ok, Ebic (2.21) %,

o2, y, 2)~ieX e W[(x)—2it(z—iy)s'(x)]
(4.2)

T t=0lUlg, K=w?g,
LEEL T35, Z O inner expansion } matching
4% lowest order @ near field potential I By HEL
DHEEDOE N

(254)

[F] —w*¢+9¢.=0 on z=0 (4.3)
BERT 5, L7225 T inner expansion (4.2) @
lowest order term & matching 3 % potential [T Fii
HEOHE AMRAEFCEEL L DO TH 2,
(4.2) @ second order term | ¥y HMICEFERIICE
b T 585 %4%, ZOEE matching T near
field potential 2 1%, AREMICIKD E K &% W
RLEFRERLRVWZ EBRENT,

[F] Q—K@:—Qﬁ%@x on z=0  (4.4)

ZOFMFTEHRE LT ¢z TRESN DL 5
BB ERERT S, L7dto T far field potential 1%
near field i\ Ci, Wi Clx) Lizsdid 5 wave
source 3 L UHMERE E z=0 KHHiIh/ENC X
% 2 o@D potential TEOLINBZ &Itk %, Far field
potential VI A ps S #E 7 S TR, IRPROIESNC X
BIELSR K LR RIZ25 A L 7z wave source 12X %
DTHDETHOE, MELL TRIAhER RCE)
5 Aiw# & far field potential 1T %G T B HTL
BELNBRVEWVS Z LTk Db, ZORIEHITDOFIL
ATERBRLOREC IS,

—7 near field ¢ (4.1) D 5&fEZ 23 5 potential
VEARRR 4341 L 7= impulsive source |2 X D Kb X
., Z O potential I far field potential @ inner ex-
pansion (2.21) & matching 3%, ZDOE»LHE5 &
EHREBEFCIEREOFEYZE T 5ICIE, near
field T (4.1) OFUBEIT D ETHEBEZHV
LEBbhb, £/ Chapman O ZDHICH -7
DTRREVHEEZL DD,

z o Tk Ogilvie & Tuck DN IZH - T con-
sistent 7o {EEHERI % T\, near field T (4.1) ©oFEH
FEEMRDONE L ERL, ZORKRIMGET
% potential iz X ¥ fiEICb B AR 2 RkD S,

4.1 Consist near field problem

— R ic B IR, % ORILAIE %
LT Ui/ RIE® longitudinal 7z harmonic oscillation
E{T-TwWbET %, COLXMOER X B5HEE
#£4T potential |

Oz, y,2,8)= Uz +x(®, ¥, 2)+ (=, ¥, 2)e**" (4.5)
TRbEND LT 5, (T, ¥, 2) ZREEEA R A
@ steady motion iz X % potential TH v, ¢(x,v,2)
1% harmonic oscillation % 7 - T\ % i D #3%L potential
ThH%,

WOMRIRER OEC X v, ZHEZEEER &RK




Fig. 4.1 Coordinate System for Ship Motion
Problem

CEEBLEERI-HL WD ET5, BEIERIT 2
EmhOFMICE D, RATRECSSET 5, 2
=0 OMEFEHBREICE VIRE N2 TEOME
e b, iMEIBOF.LODRE D IT heave, pitch motion %
fToTWwW5 & L, heave DZfr % &setet, pitch p[Ellz
8% Esetot TRDb T, MMOBEOR VL XREEEIT
z2—ho(xz, ¥)=0 (4.6)
TEbLINDET S, ZOLERFLTCVAHMERE
23
2=h(x, y,t)=ho(x, y)+Esetot —(x—1)Esetet
4.7)
TEbXNS, 22T I=L[2 L=ship length ¢%
5o EMMOEDIC X b HREEOLESIT
z={(z,y, )=z, y)+0(z, y)etv* (4.8)
TRbENS LT 5, 1 i% steady motion T X 3%
fZ, 0 1% harmonic oscillation T X34 E2E LT H
DET D,
it slender body T# v, slenderness parameter %
¢ 2T 5, DL EMOIRBFBE LI X OHE L
e=0(e"1/?)
U=0(1)
@ order Z{RET 5, 4 near field & L THELHD
PEEE x 23 0(e/?) @ bow near field & x3 2 Lic
T %, Bow near field iz 35\ CRMEEICB T %MD
XY, near field OYHEEFE D order ZE{LAKD X S

(4.9)

5%,

0 9 a

—_—= "‘1/2' -_— = —1). = T

pa =UEH =0 =)
9 e

SN =0 (4.10)

9
— () e-1/2
o =)
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ROBEBRIBIZ >V THEZEL, ThEd L
b1, BIEEN ¢ BROHMERE ¢ LLERTHD
<

£;=0(ed) j=3,5 (4.10)
THDHETH. MEEIRICEL Tk bow near field iz
BWVTH

aa';" =0(e) , aa’?‘; =0(1) (4.11)
BHENLLD LTS, (Ogilvield (1972))
Bow near field iz 3317 % steady motion potential,
BLUOEBRTMERI DWW, Ogilvie (1972) &
Rxy

1=0(e?), 7=0(e?)
@ order ThHBET5,
Potential @ DR T REZHIT KD LS5 TH S,
[L] Pzz4Pyy+Pr=0 in fluid
[H] ®ohotOyhy—Bst he=0
on z=h(x,y,t)

(4.12)

1 1
A Do +——~(P%+ D%+ PH=—-U?
[A] gC+0ct— (@240} + 0= w1

on z={(x,y,t)
[B] @:la+Pyly—P.+L:=0
on z={(x,y,t)
[M] Matching with far field solution
ZhXb (4.9 ~(4.12) OEHFERMEC, ¢z,y,2) 1T
Bl T/ < & B two term expansion DEM:EKD
%o
Laplace equation » 5E%IT
[L] ¢yy+¢ez=0  in fluid (4.14)
BEHN D, MEREEECOWTE, (4.7) 2K
LT,
[H] {U(+e)+Pazetot)(hoz—Eseiot)
+(Uxy+ ¢yeto)hoy—(Uxzt poete?)
+iw{és—(x—1)ss}etot=0 onz=h(x,y,t)
z=ho(z,y) OE DI Tayler B% T- C¥ET 5%
&,

U+ xz)hoz+ Uxyhoy— Uyz
+er et dyhoy—potio{§s—(x—1)s)
— Uts+ Ulés— (2 — D&} (hoyxys— o))
4eee=0
L 7%, Steady motion term 1% 0 * 7% DT lowest
order term %
[H] ¢yhoy—do=—iw(s— (-1} + Uss— U{és
—(@—D)&s)(hoytys—2ez) on z=ho(Z,y)

on z=hoz,y)

(255)
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tirb, FORITERLRDIS>TET S,
09 _ Pa—dyhoy
] SN ="Vitn,
o Er— (@Dt
Y Vitm,
0(e/25)
n Ulss—(x—D&s) (hoyxyz— Yzz)— Ut
V14-hi, ’
0(ed)

(4.15)
FHOTIRT ORERLNOED order TH D, T
hXb, ¢=0e¥26)+0(e2) Lo TW5Z Eilbh
%, &Y FUOEROEEER, TOBEKROIEIMEE
AR T LMEREOREELEAT V5,

WIREHARBETEEC OV TEL D, [A] &4,

. . 1
[A] gn+gbetvt +ingets+—{(Ut Uga+ poetet}
+(Uxy+ pyeiet)* +(Ugs+ paett)?)
=%Uz on z={(z,y,t)

ZORHIEML -HHERATHEEINEDT, {fk
BHEME 2=0 TORMH LT 5, =0 DEbIHiC
Taylor BR%fT5> Z &R TEDDT,
[A] g9+ U?ga+tetot(g0+iog+ Upz+ Urztby
+ Uxepe+ Upazam)++ -+ =0
b, taH® 2 IHIL steady motion x5 &k
[A] g9+ U?==0 (4.16)
(e3/2) (e%2)
% 5% %, Unsteady motion izx3 % &#Ri3,
[A] g0+iwg+ Ups=—(Urydy+ Uxepz+ Unaz)
(e0) (e%/29)
on z=0 (4.17)
Litdo [B]l &MFc2ow T RERICT 5 &, steady
motion Zx3 % &,
[B] Upz—Ux.=0
()
¥ X O unsteady motion Zx}3 % &4
[B] Ubz—¢at+iwd=— Uxyby—nypy— Uxe:l
(&) (ed)
on z=0 (4.19)
»E5n%, [A] & [B] ##0abits L,
[F]1 U?zz+9x.=0
(e)

on z2=0

on 2=0

on z=0 (4.18)

on z=0 (4.20)

B I,

(256)

a 2
[F] <iw+U$> $+9¢.=F(x,y) on z=0
('/%6) (ed)
(4.21)
#18%, CZ THUOHBIZRRTERIN TV %,
F(z, y)=—1ia(Uyydy+ Uxe¢pe+ U ngez)
+ Uyeiwd+ Ugrz)

2
- U%( Uxydy+ Uxepz+ U *nzz)

— UGwyydy+xyPzy) (4.22)
Unsteady motion potential ¢ ¥ order OR/5% 2 2
DEPBLD,

¢= ¢1 + ¢
(&%/25) (£26)

L7ehsoT ¢ @bt sd [F] &k 4.21) ©HO%
0L LARmRENLED, deiTabd b &HIZIET IR
DA -7z (4.21) BRI T 5, ¢ ODHAKREEHT
steady motion potential y 33 X% unsteady motion
potential ¢1 OFHiIz LHEX VKD, HHEEH LI
SLIENC X 5HEEBD D L 2TR-ET 5, Flo,
y) 1T x OMHEIED |yloe TIH 0 &b, T
b near field 2 k17 5 GRE LCEN 54 Flz, v)
KEBBEBHFEL, thEiEd L5 L SREF
L LD wave source 3T RLTZ LIXTE T,
near field OPAEFEBMERSATEIENGTH LS D
D ELBRTHIER SRV,

4 bow near field T#% % 7248, Ogilvie & Tuck® o
T D X 5 x=0(1) ¥ % mid-ship near field ®
£MEFEL L5, (4.14), (4.15) © [L], [H] &#
EEDEERLT Do HRREAMHF 2V TIE, mid-
ship near field % 8/0x=001) TH 5L F5DT,

F(z, y)~ —2ioUpydpy—ioUy.¢+0(e¥?3) (4.23)

(ed)
ey, (4.21) 1
[F] —atg+gge=F(@, y)~2ioUfs—Udes
(£1/25) (ed) (e3/25)
+0(e%/23) (4.24)
L71b, 1T Oed) OEETHE XD L Ogilvie &
Tuck D5 272 &ke—FT %5, Thbb Ogilvie &
Tuck OFFHTTHBREFIIC KT D NEXEDOR
i, EFEKEO hiz Ly Bbhive Lavd (4.24)
OEVOIFIIHIENFAM F(z,y) CxdtDL,
unsteady potentian g1z XX B DNSE - T Do
[EH5545 Fx,y) 13 [y|-0 0 & & 0 L7c b fifif Lo




WAL 23, diz DIHIX ¥ RREVE & a(x)etXV!
DETERVETIEHTSH D, Lrd g OEHITH
HEEEBRA-TWVWHODT, ZOHEEETZENTER
\, Faltinsen® 3} I% strip method 12 &/ EEE D
BEEYZINDT Qe CXBEMNEETHSH T ERRL
TWb, L7t T mid-ship near field ¢4 (4.21)
DEMPBHILT D EFE 25 &, BHREEN IR
EOEEZIRY A5 Z LA consistency Z/LIES
BRERTbh S, D& XD, MkOIETIE,
unsteady motion potential {ZxtL,
[L] ¢yy+¢pze=0 in 2<0
[F] <iw+U%>z¢r+g¢z=F(x,y)
on 2=0 (4.25)
[H] ¢x=iw(nsés+nsés)+ Ulmsés
+ ms&s) on z=ho(x,y)
[M] Matching with far field solution
DEMBRELONG, 22T

m:____‘_l maz——x”’h”;_ Xzz
vithi, ’ V1+hE, (4.26)
sz —(x—Ons, ms=—ns—(x—m;

TH5P, (4.25) Zuie+ 5 potential ¢ Tk D 3>
D &5 BT 5 potential DFITEILT Z & HATHE
T%éc

Nz, y,z)=§ ((005+ U%5+ 2585,  j=3,5
4.27)
ZZT, 05 ¥52 W ROEREMEOHTH S,
[L] Piyy+Dsez=0 z2<0
9 \2
[F] 9z i+ 9Pj2 z (4.28)
[H] @iv=mn; on z=hox, y)
[M] Matching condition
[L] wjz/‘l/“l‘wjzz:O 2<0)
. 9 \2
F A~ j = =
[F] (zw—l—Uax) I
[H] ¥in=m; on z=ho(x,y)
[M] Matching condition
B I,
[L] Q4yy+2izz=0 z2<0
2
(F1 (i0+ U] 0 o= F(a, )
z=of (4.30)
[H] Q2ix=0 on z=ho(z,y)
[M] Matching condition )
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2; MERZhE T REETERCEDhZ LD
LD THD, COMEREAREOENFMHIC X
LHELL, ThoORERTORFIC L 2HEAEZELDD
THdo M OMBEREF EREVIER T I VT
low speed {{iEEDTIT slender body theory % bow
near field CRET 5 L EEHbNAMELFRILCH 5,
Lol 25 ORRIRESNICRIZFEIXHE I RELA
WEEXBRLOT, ThEEHTI LTS, 9,
¥ x §3 iwiab_7 X 5T far field solution & match-
ing Lxh i (4.28), (4.29) Zile+5M2kd 5
ZENRTE S,

4.2 Force and moment on ship

Rtk ORECIERT 5 iEOENE, (4.5) D po-
tential y, ¢ DERDOHZ LT 5 L &, KO X > TE
bIhd,

1
p(z, ¥, 2,0)= _PU2<Z::+E|AX|2> —n9z

—pliwp+ V-FPleiet  (4.31)
zZT
V=(U+ Uyxz, Uxy, Uxz)
Thdo ZOLEINEH A LT 2MEEOL DTS
Ho L7 o TIMADFHAIE £H D T Taylor B
2115 &,
P, 1,2, )~ —pU* (1ot 5 P22 +pU el

(@Dt 7al)

oo —pgz—pgete(Ey—(z—D)Es)
—piwg+V-FP)etot 4 ...
L 7t %, Bouyancy restoring force (moment) %<
unsteady 7gififkJ]T 0(e?d) LAEDHEZMAT S L,
EHEHELT
p(x, Y, 2)ett = —plivg+ V-Fp)eiot (4.32)
DRSNS, ZOREERERL TV 3 ROEHAE
B BRARICE< o
Hydrodynamic force (moment) i3k X 0 #p X
No,

Fi=Sgsn5pdS i=3,5
(4.33)
= ,,S Ss(ia)gl;ni-I- V-Pgni)dS ‘

REOROE 2HDOHE L T Tuck 0FE@ED,
Sgs{ Umi¢+m(V-I7¢v))dS=—Sodlm(/; U
(4.34)

(257)




84

ZFFAL, 22k C Tl o TOMIAS L slender
ship ®4& higher order THHDT, ThZEHRT
5, ZDE X,

Fi=— pg Ss(iamigb— Umig)dS

Llde, ¢ LT (4.27) @ 23 %RV A
?60

Fy= “”S S dS 5. &5 niliwyd;— Um(io)d;
S J

(e (e®)
+ Uniio)¥s—U2m 05} (4.35)
G ORI O

second order ¥ @ hydrodynamic force (moment) %
LB LTt %, LROBRBEOHIMA SN TREN
KRORZE 5,
Fi=—o|| a5 B eindioro,
i
+ Uiw)n:¥5—miDj))

=X (TR + TP (4.36)
7
T{® & transfer function T3 5%,
TwH=— p(iw)zg SS dSnid; (4.37)
[

T®H=—p U(z'm)g Sst(mwj— mad;) (4.38)

Transfer function I reverse flow theorem % %2
FTEZEMNTFIND, (4.28), (4.29) TEHE XN B
potential @F, ¥;* 13 U ofthic —U 2AhD L&
reverse flow potential ¥/, ¥; i/ %, Green OEH
FRIAL, K C il - TDFES % higher order &
LCTEMRT 22D,

S SSdSniq)}' = S SSdSn 07

SSSdSmlF, =Sgsd5m,¢;

D% reverse flow theorem & L CH#IF %, ZhiC
Xy

(T =T
A @5
THHTLEBVZDH, Thhbb
(T@y =— p(iw)zg Ssdsma);
(xy=—otior|| dsmos
s (4.40)

(@) =ptiop|| dS@—Dns0:

(258)

<T§a>>+=p<z'w>2§Ssdsw—z)na@;J
BXW

(TR Y= —p(0)U\\ dSmy(®;—0})

8

S

)
(T;§>>+=—p<iw>USS dSm (@5 —03)
SS (4.41)

(TR)r=—p(i0)U \\ dS[m,05—msP;]
S

(1=t || astmo;—mos)

0;, ¥ OBEFRIEME (4.28),(4.29) RV CHMH
FHREMHT U=0 ¥52%
O} =07
Os=—(x—1)Ds
HEKILL,

T = —p(iw)zg gstns@s
T§§’=—p(iw)zgSSdS(x~l)2¢a L (4.42)
T =19 =ptio¥|| dS@—D0,
T@=TP=0

TP =—TP =pliw)U S SSdSna(Ds (4.43)

— ___U T
- . 33
w

L7 b Ogilvie & Tuck © 5 2 2 EHREED = L BT
&5,

5. HEMNE

Slender ship theory 2%\ C, #ARARE&HITHTE
EEORBPEAT S LIE 1969~70 Th T THA
ORI EIC X » T strip method DEELWHSET
fibhic, Lirl, HHRESGCHET 5 AEEED
BT Ogilvie & Tuck ORZ LRV I S TR %
. Lrd, ZOEBCONTORMIEMTHY
Faltinsen (1974) OFlHBREREINDET, LOEE
VIR TIE R0 - 720 72 Ogilvie & Tuck OIGH
%5 1 (¢ Faltinsen @ Z1E13 longitudinal motion (Zxf
T53DThoD T, HRAREELICE T 5L
HEOREBILNEEELRL O TR ok —F
Chapman (1975) @ inconsistent ‘T & % %3, lateral
motion {2 33 F B BTHE M E OB E 52 E L - slender
ship theory %, YARD yaw, sway OEIZI VT



BRI Bith & b7z, LA L Chapman O3 A%
consistent T/ <, 22 —fEOMA~ ORI THN
Eh 572,

Z DY Tk Chapman o itz % consistent 71
slender ship theory D THEX¢, —FBEOBE
BRI 5 HRm &R L &, #5%ix Ogilvie & Tuck
HEROINEE VORI - TWwb, Linl, HAEA
SRR R D E A% L 7~ slender ship theory
W, U %:—aa? LB & %, time dependent boundary
value problem® & —FL, Ogilvie & Tuck OEHD
steady harmonic oscillation problem & 4:< 7%
WErREAREHDbh S,

T DR DFENTI longitudinal motion DA L 24T
bl - teps, Bk Ogilvie & Tuck Bk & @
Stb& Tz e B 57255 Th %, Lateral motion
ORI ERHICIT 25 b0 L Bbh b, R
BEOR BT lateral motion T X D < Bbh B LE
BNDDTE O LT RERRACERL 2\
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