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On the Theory of Wave Resistance of a Shallow Draft Ship

(Dedicated to Professer Yasuyuki Kimura)

By Masatoshi BEssHO

It is well known that a shallow draft ship can be represented by a surface pressure distribution in the theory

of the wave-making resistance.

But this theory can not deal with a ship like a destroyer having a transom stern.

The difficulty lies on a point that a solution of the boundary integral equation has insufficient arbitrarities to
satisfy the Kutta condition at the transom stern. To overcome this difficulty, the source singularity is introduced

around the periphery of the water plane area.

This singulariy represents a surface depression in a far down

stream and adds a resistance, say a head resistance, to the well known splash and wave-making one.
The procedure to calculate a trim and sinkage is formulated for a given ship in free running, Lastly, a
reciprocity is presented and it leads a theorem like Munk’s in the theory of wing.

1. B Ef

ERAAT 12— I AETIE AR 0 TIF TSR IE
HERCHAKEOEASFL LTRMDEL %25
RTwa, LHLEBEZFNS O X Transom
{Destroyer) Stern L% ->TED, BETARZE-T
Eir, ThREITZ v 7 OFRERGEEHLZER TR
W s, EROERETE—IC ThITRTEE
FLTEINRFTACKEAKEZLE
B AMENEL SR, LHUARRTIR—RICRE
IROHIBEHNEE 173 { TKEEROELIZNEWwOT
FHRHEVEERBEREXEL AR, 2ITH
FOBEEOMIZHER B> TREHLEESOR
SAAEMEATIOEEHBELEI LT HHLDTH S,
Z2OEBEEMEIEFAKEMADHES OCRICE
EDRF VY PN ERRZ LT 5, 202 KEHER

RAIRPIZ R & 3 IR OMER LM 2FES by
0T, FRTHELE ISOTOBECHEL LS &
TB3LDTHB,
FRERTRIEOHET, ) ABKREVDTEZR
SNIEBIBD 2 th o BB ERDHERLERS
HLFHROBHO—DTH 5,

2. EERATF YN EERENE

b7 Y ABERE UAEMMARAIEL BEE TH
FR X o THKBHE F BPEELEWERET 5. 20
HHE L QLS w—HREE V ORI ORI H o TH
BCAhkEzbl-> THEATHE D ET B,
ﬁﬁfrzz%w&¢,mﬁtﬁ%§,Eb%?k
33 L EEE TiRKE TR SRII D,

$={z, ¥, 0)+ K{(z, v)=—p(z, ¥) (1)

BRI MR TEERE B



PRAFEATEPERE $£295 H1F

f

L=

9 X
’\__\__.———"—"-__J vi=1)

Fig. 1 Co-ordinate System

951('”: y: 0)=C3(‘T‘.! 'y) ( 2 )

ZORITE{ASRTWAEY, FBCRESEHL
KDEZIEDBRZHETHRSEMVAATEDLES
KERTZET 3,

é#(x, ¥,2)
— S L P&, DTz —E, y—n, 2)dédy

-KS AT (2—Er, y—7r, 0d0r  (3)
ap

C(.‘L‘, y)=—SSF p(f: W)Tz(x—é, y—mn, O)dfdﬂ

| A0n)SHo—tr, y—15,0005 (4)

LW F BASRE, Cr Cid F ORI TEKNIES
SHIER, BEERTOLOLT B, £ (2, y) ECr
DOERET D, BRAR T 2 3B A, BesiL,
Aly) BFLIEALLBEMORR T (B.6) kRT
& I NI RERICABMA TV S,

7 v 8 DFEEFIR

p(z,¥)=0,

L%, BERERTI

on Cy (5)

K S*
T 0y -~ — g~ iK (2 cosd+y sind) sects
#2,9,0 =~ -2,

« H¥(K cec?d, f)jsec@|dd (6)

K S*
xz —- — g—iK(zcosdty siné) secly
C(.wx<_12m .

- H*(K sect @, a)|sec=a|cf—:8 (7)

H(k, 0)=SSF p(x’ y)etktz coad+yp slnﬂ)dxdy (8)

H*(k, 6)=H(k, )
+£COS§S Alyr)ett(specsbiypsind gy, o
orF

(9)

S THEEEOEREERBILEDZOL 72y b
Zflxy), VAR, FRBRRETEE

Lz, )=—f(z, 9)+rx+h (10)

ZhE (4) ADEBRBBTI v I D&ERE (5)
DFEEIABA2BHTRWEHCL 3,

COREZEDETF Y PYAREALETRIT(5)
PHAHRZ R POERIBICARIBEITH S
B, ~ACREXBBATCORYIORETHBZET
LERBBERETOEET S EES 2 Lok, B
BRMTRURTH MR RCRPLEER LS &
IRRZ3, UL LaiEsic iisa2nnd 2o cr
BRI ERTRE LT ZOFERTIRRE &2\,

BTREERTH 5o SHREMG (10) OITI%
KEEWTHZEbE 2B/HBHRS, 22 TC2RO0E
ERZERODE SR IBzL LS,

Table 1 Basic Solution

plz, ) E(z,y) on F Aly) on Cr
iz, y) —flz,y) As(y)
iz, ¥) 1 Au(y)
e (JC; y) x A (y)
pelx, y) K(z*—1) Aely)

543 (10) Offix

oz, y)=pr(z, ¥)+ o2, ¥)+honlz, v) (11)

A=Ar+tAARAp (12)
EREND,
& THERHEARR
r=\|_r@wazay (13)
CROAE
Vlo.n.-——SSF £z, Ywdzdy (14)

THLN, HEFLIFABME-RL T2

— 0 —



EerE KR OB IERER T onT

V:S SF p(x, y)dzrdy=Ls+cLothly (15)

ey,

Plo.a.=\{ n(a, v)sdsdy=bstemtmn (o)

[\, pazav=0s, || padsay=m an)

23 2ABEYAARERSRLRLS, Ihbhd o
EhBREDHBREMEROEHNEE 5,
FLTAW) it (12) »oEE 3, 2ATHETR
AP0 ERZEINBKREREL 2ENHEL1S
BEThITFAREICRZ 3,
REFNCHE L NVETERASFIMEOREHE TS
Zon (2), (4) 2o, 7y 5 O&GEE-ITED"
73

Lal, y)= ‘SLP*‘E' DTea(z—, y~7,0)dédn (18)

KkoTELZOND, COE® (4) TRALTE%
sSETaE

Lz, )+ A(y)
=—{{_»en7ue—t, v, 002y

+ SUF AI)S* @ —Ep, y—Tr, 07 (19)

EoT h(y) 2 (4) O p(x) OFR LR
TR EFLNRS,
EXo (4) 2l2EFI< L

wwy=—{{_ e n—pte, MTo—8, y—r,0peey
+ S AMp)S¥x—bp, y—"r, 0)dnr (20}
(254
Ligd, T

y—y")

== SSF P&, ) T2 —&, y—n,0)dédy
+ Sg Aa(le; 4)SHz—Ex, y—"7,0)d0%  (21)
F

72120

Sd(y"y’)dy’ﬂ

BREBOABEADOE p 2 BAT S E, (20)DfEiEME
—THEDHROBEESRD Tl ok,

p¥(z, y)—olx, ¥)+ SGF "yypale, y; vdy'
=0 (22)

1‘1(2117)4-50F Aalyr; y)R(y)dy’ =0  (23)

3. & /8

BREMEES W X 2545 L (B CEEL B
IEdEREmMLT

D——-SSF Pz, Y)l=(z, y)dady
+K§01.?A(WF)[C($F, ve)+ ARy (24)

DE3EEZsNBY, (4.8), {(4.12), (A.13),
(4) Fob
KE
oo, )= || p(e MQ-KLz~8), Ky—),0

+ Ps(K(x—8), K(y—7), 0)]dédy
1 (z—§)dedy
o SS 7 P (y—npv (2 —E>2 4y —nP
+K S AR TAz—Er, y— ", 0)d7r
[#5]
(25)
EEBTZDOTEFRR p LT TES T2 QL BF

BB D TNET

SSF 2z, Ve, Y)dzdy =L+ htls  (26)

1

I;=2

SSF plz, y)dzdy

vy
_ p(&, Px—§)dEdy
SSF (y—mpv{z— 57+ {y—n)? @)

2
Ig:igg Pz, yydxdy
T F

3 SF P&, P KZ—E, Ky =7, 0)dedy (28)

Ia=KgSF o(z, y)dzdy

. LF A Toz—Er, y— 77, 0)dTr  (29)

—H (4) it&-<T

—97 —



BSEAERBITFIRRE $29% F15

+ v Ay r)S*§Er—zp, tr—yr, 0dyr
F 3

{(Er, Tr)=— “F oz, ¥)Telbr—2, 77—y, OVdxdy

THY, £l S*OXFHHEEEL S L

KS A(y;)d’bg A(5)S*(Er — 2%, Tr—yr, 0)dyr
ar (474

K{ K S
2 SUFA (yr)dyr 7 Vor (r)d?e

. S Alyw)P(Kfr—75, KTr—yr, Odyr (30)

ERBEPH
1
F

2
S S A(z)dg
T oF

- S Alyr)PoAKEr =77, KTs—77,0dyr (31)

Thiftcns % (24) wRALT (4.18) oBFE*
oy F 5888 (9) 262 ITEENI

D=Ds+Dw+Dg (32)
n
Ds='4—g a*(y)dy (33)
ar
K2 a2
D= | [H¥(K secto,0) secr0an (30
1}
Da=%{ Ay (3)
(27

Ds3RFIEH T LEMBHC I IS TERLEL D
TH 2, DwidEWERTH D, Deid 2 RTBHTRKE
B ER2TULOTHY, R2MMIL T2 A
BB,

4. T % B

Flax kf - T—ffmh e LizHFnsE s cx
NEWHRNLERVZFDERII L (~) %20 TE
THZLLI, (1), (2) G 3 % BEgUE

—g=(z, v, 0+ Ki(x, Y)=—H(z, %)  (36)
$a(z, ¥, 0)=~{2(z, ¥) (37)

BRI D W T IR O A A 2 o R 720 Th

295, x DT EHA B2 T LB, y HEONHK
HHEZDL

Tz, y,2)=T(~z, —v,2)
Ts(xn Y, Z)=T,(—-.‘E, -Y, z) (38)
T,z(.r, v, Z)=Taz("'$; -v, Z)

S* OB TRSE R x DIEOFTME - LT

g*(xl D z)=S*(H$: —-Y, z)—_f;zi

(39)
LRBEIIT B, £2F 5L

#(z, ¥, 2)
=SSF P&, NTx(x—¢, y—r,2)dedy

+K§g AT (@—Ea, y—T4, )% (40)
4

i ny=-{]_ s Dot y—r 02y

+ Sg AMA)SHz—Ea, y=T4,00d74 (A1)
7

Eulm, 9)=— SL B8, )T sl @, y—r, 0)dedy

+KL Tolz—Ea, y—Ta,0d0s  (42)

fo

375 LIEROE 1 EHi3?

SS (@, v)Ea(z, y)dzdy— S SF 5z, ¥)e(m, y)dzdy
=K§ A()EEr, 15)d0z
Op

—KS A(LAE4, 10)dN4 (43)
Ta
LB,
£ (2) TEELLBOBFAES FRI AT
X
KA(”"“"‘SGA Aa(na; v )(E M)A

- SEF Ba(x, U3 v')el, vddy  (4d)

RITEEL L p: OWHNERRAT S L

r={{ s, viazay



B OSSR ERE Y w T

=S§ Belal, y)dwdy+K§ A@r)rdir
F oF

—KS A4, Ca)da (45)
Or

£ 5,

C, ) DBEXoNB L pla,y) ERDEL LD, pa
et o Tl (44) X0 Aly) Bbrb, Th
# (45) KRATEEEHbMAEIR S,

EF—AVIRDVWTHULE 1 O p.OHF RS
PRIXAHETEERRO Munk ODEEHY T340
BEONIEICRS,

S owENREKEZZEATRE, 3D o, (34)
Dy FUrEABEERES 7Ly e oHEHRELR
MU A DERIC T EDTI I TIEREER Y,

5 # £

MEMEOBEIRT D I T THRERWH® S b
T VA A Y — T H D EHEME R REAKHER,
D DAKEOFEANSATRET 2BERGPEIL
)

Ptk Z OB OER TR EBEERERDEORE S FIE
Er ez THEHAMERERZBEVWTOLRESELTIRIED
Rise of Floor 8&HR MW vy, £ & THIEDKBE O
Bz TRVAARRERZSF IV I2RAERL
77o COBEERVDLOIGRAETHLY, 2T
BENRBHATARME L E2T, B EdEFY
YV EIRERE L, ZOBAR X - TERAERNE
EFEALL, BoboELEEFELTE L, HH
BRI BT AMEOLTRE MV AERD 2805
¥ 2o & TSI I D W TR BERM & LT B RS,
YR IEHT O KEIERT kB RS0t b B, T
NIRIROE X EHRF v Y LOHKEET 5, B
#Bic Z OBREI b EEEELRT B, EEBO Munk
OEBIHYT 20BN EE R

& | m

1) ARE, KEBREROEHENER, ka4 Bl
1949

2) T.Hanacka, On the Reverse Flow Theorem Concern-
ing Wave-Making Theory, 9th Japan Nation Con-
gress for Appl. Mech., 1959

3) M. Bessho, On the Fundamental Function in the
Theory of the Wave-Making Resistance of Ships,
Mem. of the Defense Academy vol. 4, No. 2, 1964

4) T. Shen, F. Ogilvie, Non-linear hydrodynamic theory
of finite-span planing surface, J. of Ship Research,
vol. 16, No. 1, 1972

5) M. Bessho, Line Integral, Uniqueness and

Diffraction of Wave in the Linearized Theory,
Semi. on Wave Resistance, Tokyo, 1976

6) BIRFIER, BRezAKAO 2 KTERIENERC >0 T, B
WAERE TERRREMD, 109

183 A #BAR

Eﬁw&hﬁaobéﬁﬁﬁiyykw%ﬁiﬁﬁﬁ
ELTRODIDCEET 5,

T(z,y,2)

Intern.

=—lim L S
- =40 4xl

x (‘o= ekl+ﬂ:(z con §+y s[nndkde
Su k cos?@— K+ picos @
(A1)

.

CHREFFOHCERL MBS 2E AT

Tz, v, )=—0%(Kz, Ky, ~K2)  (A2)

i,
KT ROBS FRAEH T,

F4
—_271'73} (A.3)
= V@D

Z OBEBIL x BIER S BT, x DEDFEEIC TV
ErEReERETL, » BAORR

T(—x,y,2)=T(x, v, 2)

-—%P—g(}'{a:, Ky, —Kz), z>0 (A.4)

Eb, 2K

Poon{Kz, Ky, — Kz2) \
/2
=(=1) S’ g¥3eec3? nog ( Ky sectd sind)
o
- sin( Kz sec§) sec? 8dd

> (A5)
P—zn—l(K.'D, Ky, - KZ)

nf2
=(—1)m+ S eXzeeett oog (Ky sec? § sinf)
L]

» cos (Kx sec §) sec? 1 849

FHOES TR

T(xl Y, 0) -

— 6
2—++0 2r (A )

LHRAITI

—99 —



PEEE A BOE TG

(A.7)

1
T(xl y! z) ::;1 2:'[K1’

BAEFTHIC RO ELERTH 2,

OP(Kz, Ky, — Kz) )
=Qn(Kz, Ky, —Kz)
+ Po(Kz, Ky, — Kz)
O (— Kz, Ky, — Kaz)
=(—1)"[O(Kz, Ky, —Kz)
—~ 2P Kz, Ky, Kz)]

/

Bz 0 TROEOBEIRRSHEES,

Q—on(Kz, Ky,0) )

_ (._..]:_2)71-—1 Sg/z .

+ cos (K sin u) sin2e—1

~ 1yt [wf2-¢
+ —"—( 2) S
0

— Ky secd tan @] sec s gdg

—Kyslnucosu
o

sin{Kx sec@d

tan ¢=%,1>¢>0,x>0 f (A.9)

Qusni(Kz, Ky, 0)
_ (..... l)ﬂ- SN/Z c

—Kysinucosu

2
- sin(Kr sin #) sin®® udu

(—1)n—1 Sn/z—,s
+_—2 .

— ¥ tan §) secd] sec? gdg

[

cos [K(x

4

Wi

Tol, ¥, 9)=210%(Ka, Ky, — K)

+9-s{Kxz, Ky, —Kz)] (A.10)

T, v, 2)=~2{O%(K, Ky, ~ Kz)

+g-(Kz, Ky, —~ Kz)]  (A.11)

K: K 3
Taslx, ¥, 2)= —T[Oilr.’ +g-s]— P

(A.12)
%@"‘s(Km: Ky: —KZ)

_—1 x=z
T2 vt

y =Y

(A.8)

HoE Bls
gq_g(Kx, Ky, —Kz)
rgy!_,_szﬂ ¥
= .1
rot z:o 2yt (A-13)
K a
'; oz Q—a(K.TJ, Ky, KZ)
-1 =z =2 , 2]-» -
T 2rm [ rot r"p‘lp +2r%) 2=y 2mry?
z a
- Kz, Ky,—Kz):—-S doy g0 |
BEK
=z
$*@,v,2=K| Tdw, v, 2z
K z
—_— —
=— 0% (Kz, Ky, — Kz)+ 2 {A.14)
K
SH¥(—z, vy, z)=—_08(Kz, Ky, Kz)
2K z
_—n—-P_a(Kx, Ky, —Kz)+ 2
o 22K p (ks Ky, —Kz)
zpl AP Fid
{A.15)
i
K z
* ——2p - £ .
SHO, u, =~ PO, Ky, ~ K+ 5o (A16)
S:(J", Y, 0)=KT5('”: yl 0)
=KT5(—xl Y, 0)
2
_2K P Kz, Ky,00 (A.17)
HERTHRAITIRROBECELT 5,
Tulz, ¥, 2) —~ ﬂl”-a(li:|:;;|, Ky, —K2)
zg—1 T
Tz, v,2) = “2P(Klal,Ky,~Kz) } (A.18)
g -1 T

Zf P_y(K|z|, Ky, — Kz)

T2z, y,2) —~ —
€ -1

BB P2V TIRROFR RS,

P""ﬂ(Kx: Ky: 0)

oL = 2
=TS gtK (zcosd+y slné) sec Blsecnalda (A_]_g)

-%

— 10—



HIZABROEEIEHERIZ DT

1528 BEEILDEFLPH
#(z, ¥, 2)
=—KSO Alyr)T(z—xp, y—yr, 2)dyr (B.1)
F
ter, v)= Sa_:- AWn)S*z—25, y—yr, dyr (B.2)

& EEIDHERT VS VLEREALTE T
kb

Yo (A.13)

Sa—zg, y—yr,2)

=—KS’FT,(x-$.y-yp.z)de (B.3)

EixEdb, IRNE—EESN 2k 0 EBREE: T
RTINS, EFHAITR

(2, v,7) —( —%)—»o (B.4)

1 2mp?

£, THETE (4. 14) 0L 3 EshE»S
LBRET i

Lz, y) - 0 (B.5)
z9»0
THETIE
U=z 9) - —Aly)
zpt
2K

_2K S A(yr)P~(Kx~77, Ky—77, Oy r
T Jop

(B.6)

EfoT Aly) ZAKEOMABEBICERICENT
w3, BHERE?SRACHTITLHER

Q= S Sl Loz, y)daxdy = 31 {(—oo, y)dy
- S: Aly)dy (B.7)
iz

D= || awte(z, vidzay

=K S AWC(xr, V+Aly)}dy  (B.8)
op

fT#2C RixWES
Wi Q) O¥D y=y HEOHEMIIBE D S

1
DE=ESL oz, Wydzdy

. S S P&, n)(x~—§)dEdy
r (y—V(@—EP+(y—np
1

=g SSF Pz, y)dzdy SSF P&, Iz —£)de

(C.1)
xdx
o=\ fd=
DEIWRBEEL OIS,
&7
¢ [ zx x
Bz ( ) zg—0 E (C.g)

TholkthoMicr L - THNBEETH2ESLE 2

= ——S LE e

__[ -2y _ 2xy ]
= (xz_f_zz)r Pz'r yoso
2z 2

N (€.5)

i
Ds=%sd'ygﬁ9($, y)dxs—z(i;;)d& (C.6)
£%Y, BADx § BT IRARETT B &

Ds=ﬂaz<y)dy

) e

(C.7)

o(y)= tim [p(z. )
TR

— 101 —



