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1. Introduction
One of the features difficult to understand on the
wave-making-resistance‘is that it seems to be no one-to-one

cofrespdndence between it and the ship form. Namely,

here is a ship and she has a value of the wave- making

resistance at some speed, then many other ships with
different shape may have the same oﬁe value of the resistance
at the séme,speed.' There are many evidences for this
phenomena in the experlments and experlences. - No one
suggests, however, expllcltly this principle because it
contradicts against the law that the nature does not Jjump.

| One has research and find the most important fac*ozs
governing the . wave-maklng re51stance, but if thlq ‘principle
has once establlshed and lt has been clarliled how deformatlon
of sh1p forms does not change .the wave;maklng re51stance'
then, this task w1ll become very much easier than ever.
Such potentlal that does not affect the wave-maklﬁg
character or has no tralllng wave>1s called wave-{ree and
1ts 51ngular1ty dlstrlbutlon aloo by the .same word. |

In thls paper, the theory is explalned in: thin shlp

represented by doublet dlstrlbutlon and compared with the
pr1n01ple of D.W. Taylor S. experlmental research.in re51dual

.

Tesistance.



2. Wave-making resistance 2),3),4)45),6)

Let us cousider a ship with length L and draft d
advanbing With unifﬁrm‘velocitylv'and its half breadth
Y(X,z), where the x-axis is directed to the up-stream,
y-ax1s athwartshlps, z~axis vertically upwards and the
origin is taken ac the mldshlp on the mean water level.

Then,the_wave-making rese51staﬁce R of the ship is

A
given by the'formuia

. )
Y

L3 - .
R='££2.JIF(K0 sec’ 0,6) sec’ gds | (2.1)
[}

whech“’means;the yétef density, g the gravity constant

and | L./za o pa- LKXC’C"Z‘
. F(k,4@)='~j dx ‘?(x Z)Q'dz '7 k;Kcsecz 6, (2,2)

=tA sd_

the so-called amplitude‘functlon or Kotchin's function.

It is clear from thls formula that the wave ~mak1ng
reélétance is non-negatlve, that is, that the resistance vanishes
~is equivalent to that 1ts Kotch1n g function vanishes.

Kotchln s functlon 1s llnear with respect to the half breath
so that we may add, for example, two dlstrlbutlons 7(x‘z)

and 7 (x, z) as follows-
, ﬁg-tél&nﬁ

F=F| +Fy o ﬂ’[(x z)€- axdz, 3=1,2, (2,3)

Then, the resistance will be described as

R=R\+R1+RL2 (2'Q)
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vhere
.

__4-)’3} ly >
RJ = "y J !F ] secd A8 , J=1,~,}
. !
and . '
| (2.5)
R,’z = ——ij J (F: Fz'}' F, Fz )sec‘r 6 dae ’
V-, T

wvhere the bar over the letter means the complex conjugate to
be taken.

By the way, if 7zisbvery,$mall and cenfined in very
neighbourhoéd of‘the’poiﬁfi(x,z), its Kotchin's function

can be represented as
| o paedkr ot
F, = ?ixiz)e‘AJcAz , - (2.6)‘

and R, can be negleétéd,'theﬁA

R%Ri}fi,l?_ ; DR : . (2.7)
and”

R 5 6 (x;zi).[‘e?;(x;zl)_amz]' . (2.8)

wﬁefe“" 37 &3h&¥“$ gz—L&XuﬁG
o (x, z)—if(? (FQ/ +F € Jsect 0as ,  (2.9).

is éalled the influence function and means the resistance
variatioﬁ when the unit displacement is added at the point
(x,z),  Making uéé §f this‘funétion,,the resistance
formula can be written as

26 G(x,z)'?(x,;z)dxd;z,‘ | o (é.10) ,

R



Thus, vanishing of resistance also-means vanishing of the
infiuence function. . From these considerations it is neces-
and sufficient for yaﬁishing tﬁe resistance that its XKotchin's
function or influence fuhction vanishes.

Mefeovér, if there is some distribution which wvanishes
its Kotchih's function, such é distribﬁtion is called wave free
gn& may be added to'or.su§§acﬁéd'froﬁ_apy distribution without
any chapge of its wave;making resistance as we'ﬁay seekeasily
from (2.4) and (2.5).

2),5)

3., Derivation of wave-free distribution

‘In the representatlon of Kotchin' s functlon (2.2}, its

kernal satlsfies the partlal dlfferential equatlon,

. s . &2-141“”&
(% w2 & o (3-1)

wvhere it should be remembered that this operator is the same
as of .the water surface condltion.
Thence, if 7Z(x z) can be represented by a new functlon

@(x,z) as'the following equation adjoint to the above,

C(E - )mx )= >Z(x 2, (3.2)

o9

Kotchin's fuﬁction can be represented by the boundary value

of Of as follows; o
- 1"521_ ¢

}f ( 0=, z)éﬁF . dx | '
- NG ' . 758
| ;.&:Ld({-ﬁ(x,z)q-ikcose fx, z)}@, “%6 dz , (3.3)




On {:he other hand, 'the .inhorf‘xogeneous bdifferéntial
equation (3.2) is of heatl conduction and 7 stands Tor heat
source, Q- témperaturé, Yice coe‘fficient of heat cond;iction and
b4 thé time. " Hence, (° may be determined uniquely except

on the bou_ndary and initial.vconditions, say,
(x,-da)=0, for L/2>x>-L/2,

- - S B

- (" (2 L/2, 2)=0, for 0> 2> -d .

Thén, the formula (3.3) may be .simplified as 7)

Yo ..‘?41, - o -Gy "—/z'-( A
»F:f .6\(x,0)e.. dx - i sec ej ( ’7 (x,z) L | )'h‘.% ¢ dz,
_,~‘b"-_'L’/""' , g 4 . | (3.5)
Tﬁus," dhly fhe peripheral véiuél of O detérmines ‘Kotchiin‘s
i;un’cticjan‘, Aand. if o C | , '
G (x,0)=0 for. L/?.} x ) -;L/'2 B

. - . (3.6)
((s1/2, 2)=0 for 0>z>-da ,

then F" vanishes and we have a'vw.ave-‘:f‘ree distribution,
To solve the equation (3.2) yfor-.giv‘enyv is not a simple
calcuation, but to caicuiété? for given S'.is si'm'plé. :

The formula (3.5) fac.:ilita‘tes oﬁf research in’tov the
vave-making reéistaﬁce, .becaus‘e it needs only the value on -
the‘.bou'ﬁélar'y lines .inétea‘d",of‘ {;he value over the aivrea,

But there remains the wave-free .distribution undetermi:fed.



4),5),6)

4, Property of'wave~free distribution

Let us assume that §° may be represented as

v

B4 |
@Kx,z)_: of = x(x")z(z') , ‘ (4.1) -
Lrere B means the breadth of ship,ef an arbitrary

constant,,

%'=2x/L and zf=1;z/d,‘
Putting thls into (3. 2), we have _
Z(X z)= o B{X(x')Z'(?') jé-Ff XZ’(X')Z(i'{}, (4.2)

wnere  p, = v/VEL.

e

1f X and Z satisfy the conditions

Xenex (s . ()

7Z is wave- free.‘
Hence, when we add 1t to or sug%act’from some dlstrlbutlon,
tﬁe wave-maklng registance does not change’ Such
deformatlon of Shlp forms may be called the 1nvariant
deformatlon w1th‘rebpect to the wave-maklng resxstance.

- The lnvarlant deformation ‘has the follow1nv propertles-
- Flrstly; integrating (4 ) 1n z, the change of sectlonay

area curve Ag (x') becomes by (4 3)

N

L el e !
As{x')= "g(x,z)du-zu(ﬁ_, FrO)x7 (x') ] 2(z")az", (4.4)

b6




o

Thié'change of;the_sectional area curve is very small in
. . : . ) N H
mactical applications and only appreciable near extremities.
cecondly, integrating (4.4) once more in x,we have by (4.3)
») : ,

J[As(x')dx' =0, : (4.5)

o . . ' ‘

that is, the displacement volume does not change.

ﬂdrdly,Aintegrafing (4.4) moltiplied by x, we have by

(4.3)

I
C\
~—

jx"As(x')dx':o , o
-/ : » :
that is,;the’moment of the sectional area curve or the center
of buoyancy does not change."
rourthly, 1ntegrat1ng (4. 2) in x, the change of water-plane
area Aw-,becomes
BL, (! B .
Ay (Z')=,o(-;r z'(zr)f X(x')ax' , o (4.7)
- - . ' -

Lastly; the change'of moment of the watef piane becomes

My (2')= o/ Z'(z')[ <1X(x')ax' . (4.8)
Two féfmuléé méén‘that thé algplacea'volume may be removed
vertica;1y wifhout éaérificé of theiwave—making resistance.

\
5. Examples ) 5) ¢

M

‘ Practical’exampiés are shown in Fig. 2,3 and 4, fig. 2
and 3 are of broadeﬁingvofvfhe_breadth. " The change of
the sectioﬁal area curve'is,very‘slight as we see in these
figufes and it seems praCticallynto be the‘éame as the

experimenfal principle that the ‘residual resistance -



s determined almost always by the sectional area curve, we
uw-call'it tﬁe sectional area curve hypothesis hereafter.
ofcourse; there is a slight change of the sectional area
curve, and saylng in one word the volume neaf bottom of
aidship removes towards tore and aft endsland swells out
nmre.f' §5F1g. 4 shows thls tendency exaggerated. ~ The
mubousAboﬁ shié formbmayvbebequivalent tc an extreme Uaframe
forme. |

The examples bf Fig. 2 and 3 are tested in the model basin
and confirmedvthe'theoretical prediction to be eppropriate;
“he example of Fig.‘h’~is not'tested but shows the bulbous
bow of such sxze may net have a merlt in the wave-making
zeslstance (It does not mean that ‘the re51stance does.not
mduce, because the.recent research ‘shows the v1scous
mslstaﬁce reducing effect of the bulbous bow form. 8) )

The 51m11ar result as thls;vthat is,’ the different size and
form of bulbous bow has the same reSLdual resxstance, is
appeared in Taylor s text,whlch shows his famous researches

1)

on the bulbous bow.




4. Coneclusion

A general method to obtain wave;ffee singularify
distrlbutlons is derived from the formula of the wave-making -
reslstance of the thin shlp theory and applled to deform a
ship form keeplng its wave—maklng realstance unchanged
(invariant deformation ),

There 1s no change of the dlsplacement volume and nd{
removal of the longitudinalncenter of buoyancy but may be
a slight'éﬁange afAthé sebfionél area curve and vertical removal
of the dlsplacement volume by such a deformatlon.

Examining numerlcal examples; we know the 4invariant
deformation may be understood as a theoretlcal 1nterpretatlon
of‘the eXperimental principle that shlps w1th the same secticnal
area curve have nearly the same re51dual rexrstance. |

The present pr1nc1ple,A1nstead of experience, is clear
and explalns 1n detall 1nclud1ng small change in extrem*tles;
so that 1t may be very usefull for the shlp-llnes planning .

and the models deformatlon plannlng of the series model testlng.f
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