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A Nonlinear Theory for Wave Resistance and Squat of a Slender Ship
Advancing Near the Critical Speed in Restricted Water

by
Hang S. Choi*

Abstract

In recent towing tank experiments, it has been observed that a ship moving near the critical
speed Ygh (g=gravitational acceleration, k=water depth) radiates solitons upstream in an almost
periodic manner. As a consequence, the ship experiences considerable changes in resistance,
trim and sinkage, or better known as squat. Mei and Choi(1987) developed a nonlinear theory
for a slender ship by using the method of matched asymptotic expansions. For a certain class
of channel width and ship slenderness, they found that the waves generated can be described
by an inhomogeneous Korteweg-de Vries (KdV) equation. The leading-order solution properly
predicts solitons propagating upstream, but it fails to render three-dimensional waves in the
wake. In this paper a new approach has been made by choosing a different class of channel
width and ship slenderness. The wave equation in the farfield turns out to be a homogeneous
Kadomtsev-Petviashvili{(KP) equation, which predicts solitons upstream and three-dimensional
waves in the wake. Numerical results for the wave resistance, sinkage and trim reflect the
experimentally identified phenomena.

[=] o
puil bon

Ato] Aol dALERE FA3D solitonsztE Eolq syt Hgdte] ALEo) wE &
2 go2 Astxo] Uch. o] Roldte] AWt FA3 FotE 29AFTE @A, =g 4%
et A #Agse =S 2E FRubde] A2V E A o] EAE AYelEon AYY £

=oAL os, B =¥daes Luldo] Eo TSl AA Ao dlgk Matched Asymptotic
Expansion 7)¥ & 7 43%le] st Kadomtsev-Petviashvili WA en A% 4 98 2.
o] WAL H43e soliton WA Askd, zelxm Av 42 34U L A F3e] A A ubA
@ gAe wgdoh, A A A soliton WA & 754_ HelFx glov, AYAo] FAZ =4
&, Azt 2 FAAE AT

gl

LR EES IME REATH EAATRENNA HED BEY
- A4d 1980 49 219, A A SA A 1989 69 /J
* A5, AL FANE 24T



L4 B
AGszold Aol JALER gAslx oo
JToR 49Y F 9t el L A Eojg
4ol ebidet.
i) Ael gl dehte 3Adskel 4dgon

solitoneo] A& Fr1H8 oz wygily
7k}
i) 3% zA o) g4l AAglel solitond A ¢
234 w45t "o,
i) dAY dfez
& FEx wAAFolo).
Avte] Al A o] 2L @42 Thews & Landweber
(1938)7F AL F2AgNA F&5E Aoz 2HA 9
th. o] dtel® QReJA = Izubuchi & Nagasawa
(1937) o], EdolAe Graff(1962) Fo] M=z %
gH o o el g AgA dFE gHHAdt.
e} o] F AT 508 UA 20433 @A FF
5 A A2 sl olE dFE AdAA
23 A 3ol A Huang(1982), Ertekin(1984) o] <
53_9] AQE ALz 7PFozA o] FAE AL
1 oA Fog vwAgst dTHAe sl H v
0] A dF2EE A Le® Wu & Wu(1982) 71 23
A st o3t dAgso] AslE =
%% Boussinesq ®AA4 & o] &3t FAA A .
Akylas(1984)= E93d FA & Korteweg-de Vries
(KdV) A4 4oz 48 + dow, o] 42 &z
A 54L& v Ag 45 E4A4 (dispersion)d] ¥ 9
€< 93, Lee(1985)E 239 F=Zol4] solitons
AYL Y8, 2 A 4% Boussinesq ¥4 4 7 KdV

ez Ao

THole olTHEAAA HF

/;'5}‘..1_’.

solitons& ¢l 4k

L=IE=3

g A2 o] &3] A AZ A wlmety o oA
27449 Ao = solitond] wWg s At g et

Huangs} Ertekin®] 4go4q @24 o] 334
+5¢ HE & ot o) & A8t Erteking Green-
Naghdi directed-sheet 28 & o] &3l9 3, Wu & Wu
(1987)¥ dul3zl=l Boussinesq #4412 =& 22 Katsis
& Akylas(1987) = Kadomtsev-Petviashvili(KP) ¥-3
Ag ol g3t 99 Fxd ¢Ho) A A4E 4
sk ol & A4 A A JEe] Hol ot
B el 9 AG 37k @4 & Agstz At
3( 25-3-6‘5‘4 FAHAAE g9 Fxd grHo] of
AAR A8 93 weka solitons ¥4 o
°F7] sSE AT 5, 34 2 AEel Wi

Alu] &

48 %

o g el gk ojuld Aol Mei & Choi
(1987 T2 Fo] Wiy Aolst AV =F & 24
oAl Agadel oHgt wdgol 2 ANt 2 A
% g+ 134 inhomogeneous KdV @A oz g
2 7 ded, dASEAAN =otA g At 2 4
Ab7b FA48 Hgg gk, 2oy o] o] 22 vl F
of F4stE 334 e 49 Ede FHE AY
3 gk & 2EAAE ol F B Yetd F2E
ol Mol Aeolvor ZvtE A S M Mei & Chois)
P4 & A wPsAs. 2 A FE 2349 homo-
geneous KP WA Ao mAgo Avfe 3249 &

3¢ 498 4 94 A9
2. BHe =4
Fig. lo] EA% vheh o] Aoz} 2Ll Aol 2

AP S5 Uz gol7 hols o] 2Wal ARSF2E

Ao 2AE AATH. BAT 423 G190
A A% WYl 2 FA44E AL
AR FAE o8 Sl Al QA a0
$E¢ BT AAHe, SE x4 grE 59 4
AegAAS AAZA 2 222 Gt 2k

(i) 4% 444
ProrFPhnynt =0 (—ALZ*LY), €))
(i) Afxd A=A
=L+ (U+gEot+

e (z¥=

%, @

gL+ okt Ut +1/20(g5 )+ (¢%) 24+ (6D)%)

=0, €))
(i) s=4 AA=A
$¥ =0 (2*=—h), @
= y
PO /////iL/ P
| W]
| :
e e . e
~L “——L_‘ i
I
y=—Ww

T e

P

Fig. 1 Definition sketch of a slender ship

advancing in a canal
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Fig. 7 Evolution of sinkage on a slender ship
for different speeds
(5=5.0, =3.0, =0.333)
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Fig. 8 Evolution of trim on a slender ship
for different speeds
(8=5.0, =3.0, x=0.333)
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Fig. 9 Wave fields generated by a slender
ship for different speeds
(¢t=1.0, =5.0, b=3.0, p=0.333)
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Fig. 10 Wave fields generated by a slender ship for different canal widths
(¢=1.0, «=0.0, £=0.333)
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widths
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0.5 L0 | 3.0

W/L {

R, max 0.140¢0.7); 0.105(1.1)| 0.085(2.1)
min 0.101(1.0)| 0.074(1.8)| 0.082(2.8)

s max | 0.013(0.9)] 0.014(1.5)| 0.017(0.5)
min |—0.008(0.5)|—0.005(0.8)| 0.011(1.9)

[} max 12.082(0.6)} 8.827(1.0)| 7.900(1.7)
min | 8.334(1.0) 6.456(1.7)| 5.894(3.9)

The number in parenthesis means the nondimen-
sional time the extreme occurs.
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