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Summary

The wave height at the side of two-dimensional body with Lewis-form
section oscillating on the surface of a fluid was calculated.

It is defined that g is the ratio of the wave amplitude at the side of
a cylinder produced by heaving to the amplitude of heaving and ¢ is the
one in case of swaying.

Zr is the ratio of the wave amplitude to Bz , where B is the breadth of a
section and o is the amplitude of rolling about the origin in the free surface.

Zny s and ¢ are given in many figures.

The phase difference between the motion and the wave at the side of
a cylinder, that is, &, s and er were also obtained.

Introduction

When a ship sails over in a bad weather, owing to the violent motion and
the shipping water, it happens that the ship weakens the stability and suffers the
damage on the upper or bridge deck, so that the speed of the ship is reduced
purposely. With regard to the phenomenon of shipping water several researches
have been done, for example, J. L. Kent [1], R. N. Newton [2], and R. Tasaki
[3] etc.. _

R. Tasaki [3] carried out experiments on the shipping water during experiments
of the propulsive performance of tanker and liner models in regular head waves.
He measured the amount of shipping water per one cycle. Then he gave a formula
for estimating the amount of shipping water.

Through the experiments of forced pitching Tasaki also obtained an experim-
ental formula to evaluate the height of the dynamical swell-up of water surface
due to relative vertical velocity of the bow and waves.

In this paper, in order to analyse the dynamical swell-up of the water surface
due to ship motion, calculations of the wave height at the side of two-dimensional
body oscillating (heaving, swaying and rolling) on the surface of fluid were
carried out for cylinders with Lewis-form section. In using the results mentioned
above for the evaluation of the shipping water of a ship, we must take into
consideration a considerable amount of the effect of the three-dimensional motion
of fluid. These two-dimensional results, however, will be used as a means of the
analysis as regards the shipping water.
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122 ' F. TASAl

I. Calculating formula of the wave amplitude

1.1. Heaving oscillation

When a cylinder with Lewis-form section, which was dealt in [4], performs
heaving oscillation two kinds of waves are created, namely, the standmg wave
and progressive one.

Both of them contribute to the wave height at the side of a cylinder. The
two-dimensional wave height at the side of a cylinder can be calculated using
the velocity potential given in the author’s paper [5].

Suppose now that an infinitely long cylinder oscillates vertically with a small
amplitude y;=hcos(wt+¢) (See. Fig. 1).
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Fig.. 1.

The fluid motion is two-dimensional. It is assumed that the depth of water
is infinite, the fluid is invicid, incompressible and the fluid motion irrotational.
In case of the heaving the velocity potential of the fluid is expressed as

follows :

¢ 2(7:(0) (%(53, a, 0)cos wt+Ds(&p, o, 0)sin wt

oo ) fB (Cm~1)a 2 16
—amx, . —
+cos a)tmz=‘,lp2,,. [e cos 2mf + 1+a1+a3{ m—1 cos(2m—1)

3ase—(2m+3)w

A eme1) _ oase T
+2m+1e m+Docos(2m+1)0 23 cos(2@+3)0}:[
. o 53 e-—(2m—1)m
~2 . —
+sin wtm}_,;‘lqzm[e me cos2mb -+ 1+a1+a3{ =1 cos(2m—1)0
—(2m+1) -(2m-+8)a
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2
where 7 is the amplitude of progressive wave and Ea—% g
@, and @, are the potentials by the two-dimensional source at origin 0.
Letting ¢ denote the’ amplitude of the surface wave (taking posmve downw-
ards), we have the follwing equation in the linearised form; -
o9 '
= (80 R
Then, puttmg a=0 the ‘wave amphtude at the dide of a cylmder can be
obtdined. L

Writing ¢, the amplitude of wave at the side of a cylinder we get

Co= g (_(DCO<EB,§>sin wt+@‘o<55,§)cos wt

. had & cos(2m—1)0
—sin wtmgpzm[cos2m0+ iFa, +as{ Sn—1
L@ cos(m+1)0 3a3cos(2m+3)6”
2m+1 2m+3 o=r |2
el \ ép cos(2m—1)0
+cos wtﬂéiqzm[cosZma+ T¥a +a3{ m—1

-+

alcos(2m+1)0_i3a3cos(2m+3)0}] .
el 2mA3 S

By virtue of

cos2m(> - (—1)™

cos(2m—-1) 5 =0

we obtain
= g[—w,o(es,g;)ar "él(-I)"‘pzm}sin ot + {m.,(eg,g) + mél(—;l)’"qzm}cos wt]. 3)
Write now

{o=10, cos(wt-+¢"),
where @, and the phase difference ¢’ become as follows

G El/ {0u(Z)+ 3 (~Dmgn} +{0a(Z)+ mé(—l)m;uzm}2 )

m=1

0u(5)+ 5 (=D pin
tan ¢’ = 6))
0"’(5) +m§l(—l)’”-q2,,,

Then we put

Co=7%0) cos(wt+e") =10, cos(wt+e+ep), . 6)
where ¢, is the phase difference between the motion of the heaving and {,.
Finally we obtain

@o=%/E12+E22 N ))
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provided that

L\F

- Ei=0, ( >+L( " o Ez—wfo( )+2< Do ®)
Puttmg ' Ez/Ex A ST g et ,,:»,,(9)
vzp get
_y(kBy—
en=tan l(kAa+Bo) ~(10)

where Ao and Bo are defined by the equatwn (31) in [5] and Ao/Bo—-tan gre~(11)
Accordingly; thé.ratio ‘of the wave amplitudé ~at’ the side of the- cyhnder to
the amplitude of the heaving is given by the followmg equauon,

Lol _700 _7 .9, o

where Ay is the ratio of the progreséiverave, amplitude: produced by the heaving
oscﬂlatlon to the heavmg amphtude

2
The} (;, s, glven as a functlon of 53-027 g generally.

When &5 tends to zero ¢ and . tel}d to zero.

Therefore, in the case of : :£5—0, when a cylinder- plunges into- its lowest
position the water surfa.ce at the side of the cylinder comes down its lowest
postion, ;and when the cyhnder heaves up to its heighest position, the swell-up of

the water surface will become maximum.

1.2, Swaying and rolling oscillation

For a cylinder with Lewis-form section swaying with a small displacement
x;=S8cos(wt+7r) (Fig. 2), its velocity potentlal of the ﬂuld motion is given in

Z-plane
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Fig. 2. )
6 or 7.
' That is,”

¢= f—z)(@c(é’g, a, 0) cos wt+ 0y (&, o, 0)sin'ot}
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‘e e—2mw
~+cos thPgm(f.*B)[ —@GmiDagin(2m+1)6+ ———{ sin2mo

1+a +as\ 2m
ae-@ntde 3gze—@mthe
-+ o sin(2m-+2)6— A ~sm(2m+4)6}]
+sin w? i Qo (55)[ " ) 1" ‘ " 1 ]) (13)
m=1 )

where @, and 0, are the potentials by the two-dimensional horizontal doublet at
the origin 0.

In Fig. 2, {, denotes the amplitude of the wave at right-hand side of the
cylinder, that is, the one at G and is positive downwards. Since the wave at J,
the left side of the cylinder, has the same magnitude and adverse phase to ¢{, it
is sufficient to take into consideration {, only. Using the potential (13) and
putting =0 in the equation (2) we can obtain the (,.

Writing (=70, cos(wt+7-+¢;) by the same reduction as done in case of the
heaving, we get

0= % VEZ+E2
, (14)

o fsztan-‘("g—h?r,;iz>

where Py Qo =tan 7, and

E1:580(§)+§1 (=" Qi

Egmwc‘( )+ 3 (~ )" Pn . (15)
k= Ez/E1
Then the amplitude ratio 7s is given by the following equation
lo= ‘!.Cs?i' =4:- 0o, - e

.where A, is the ratio of the progressive wave-ampl‘itude produced by swaying
oscillation to the swaying amplitude.

2
. ‘These s and ¢s should te the function of é—‘gz% B generally.

2

When &5 tends to zero, {; and ¢ tend to zero. That is to say, in the case of

a slow swaying oscillation, when a cylinder sways to the extreme position in the

right-hand direction the surface wave at G falls in and swells up at J, and next,

in the extreme negative position. of the cylinder the water surface is swelled up
at G and falls in at J. . .

~In the case of rolling oscillation having a small angular displacement § =0,

cos(wt+06) about the origin 0 in the clockwise direction as is shown in Fig. 3,

we can dealt with the problem according to the same manner with the swaying

osclllatlon
“'The fluid potential ¢ in the rolling motion of a two-dimensional body with
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Fig. 3.

the Lewis-form section is given in [7].
Letting ¢, denote the amplitude of the wave at the right-hand side of a

cylinder taking positive downward, ¢, the ratio of {, to %91’, is given by the

following equation

CR—E%—ZR'@O, an

2
where A is the ratio of the progressive wave-amplitude produced by the rolling

oscillation to -B%’ .

With regard to 0, the same equation with (14) and (15) hold.
That is,

@0=-}C-1/E12+E;
— 7r\ el
Ei=0,(5)+ 3 (D™ O ¢ s

Ez—@,o( )+ 3 (=)™ Pon

Using the calculated results given in [7] we can evaluate E;, E; and accord-
ingly @, for the cylinder with Lewis-form section.
Writing ¢z the phase difference between the rolling motion and {,, namely,
Co=710 cos(wt+3+ep)
we have

kQoy—P,
. 5R=tan_1(\§?—of—TPZ) , ~ 19)
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where P, and Q, are defined in [7] and tan&:-IQ,—" and k=E,/E,.
0

2 2
Finally we can obtain {z and ¢, as a function of 53=% B or Ea=% .T for

2
a cylinder with Lewis-form section. '

when &5 tends to zero, ¢z tends to zero and ¢p to z. That is to say, with a
small ¢p when a cylinder rotates to the extreme position in the clockwise direction,
the water surface at the right-hand side of the cylinder G swells up to the
maximum, while in the adverse position of the cylinder the water surface at G
falls in the lowest position.

The phase difference ¢ decreases with the increase of &p.

II. Numerical calculation and the results
Using the results given in [5] and [7], the numerical calculations were carried
out for several cylinders with Lewis-form section. Fig. 4 shows & for the several
2
elliptical sections as a function of EB=%-§. These ¢» curves have a similar

tendency to the curve of An.
Fig. 5 shows the ¢, as a function of ¢&p.
Suppose now that the ratio of the half breadth of a ship at the midship

* 2 *
section to the draught 7, that is, Ho*=£- equals 1.25 and EB*=%-§2—- at the

natural heaving or pitching period is equal to about 0.9. And the draught T is
assumed to be constant throughout the length of a ship.
Then &3 of an arbitrary section of a ship is given by the following equation :

com(Ber

where H, is the ratio of the half breadth of an arbitrary section to the draught
T. Then, &g of the ship-sections at Hy=02 and H,=2/3 becomes 0.144 and 0.48

respectively.
Reading the ¢, for the sections H,=0.2, 2/3 and 1.25 from Fig. 5, we have
H, 0.2 2/3 1.25
& 0.144 0.48 0.9
en —96° —93 —92

It will be seen that all ¢, are nearly the same.

en for the sections of fore part of a ship will suffer the effect of the three
dimensional motion of the fluid, they will, therefore, differ considerably from the
above values.

In the Figs. 6 and 7, the effct of the area coefficient o are shown for the
section with Hy=2/3.

From these figures it will be found that the fuller the section is the smaller
the ¢ is, however, on the contrary, the ¢, becomes larger as the section is fuller.

In the next place, in Figs. 8 and 9, s and ¢ by the swaying oscillation are
given as a function of &5 for five elliptical sections.

2
In the Figs. 10 and 11, ¢s and & are given as the function of Ed=% T.
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As seen in the Figs, 8 and 10, 7; becomes larger as H;, is smaller contrary to
the heaving oscillation.

When we discuss the shipping water in bad weather, 7, is so large on the
section -with small H, that we should take into cosideration {; by all means.

Comparing Fig. 4 with Fig. 8, it is found that ¢, is larger than {. generally,
however, for the section with large H,, » is larger than s in the case of small
$a

Figs. 12 and 13 show the effect of the area coefficient o on the 7; and e,
The fuller the section is the larger the ¢, ¢ are and the tendency of 7; is
opposite to the case of the heaving.

In the Figs. 14 to 16, {z are shown as a function of &a.

In Fig. 14, 7x becomes larger as the section is fuller.

¢ has the same tendency in the case of Hy=2/3 and 1.0 also. However, at
H,=1.5, on the contrary, we have large Cz with the finer section.

Ho = 2/3 — —_|
L
i L~
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r@i/""/ el
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1/ g ol.eq:b .
[ |
A //
I // N
/| // //
/f/ /
)
>

S

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Fig. 12.
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{r in the case of Ho=0.2 is so large and H, at the fore part of a ship is so
small that 75 in the neighbourhood of the stem will become large. But in the

stem, as the 1_3253 is generally small the effect of the yawing will be larger than

the one of rolling with respect to the problem of shipping water at the fore part
of a ship. -
Figs. 17 and 18 show ¢, which increases as the section is finer.
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III. Conclusions

Calculations of the wave height at the side of two-dimensional body oscillating
on the surface of water were carried out for the three cases of heaving, swaying
and rolling on the Lewis-form cylinder. The summary is those that follows:

(1) 7s is generally larger than ¢» except for the case of large H, with small &j.
(2) Except for the Tz of H,=1.5, 7s and 7y become large as the section is
fuller. While 7, becomes small as the fuller the section is.

When we discuss the shipping water of a ship in bad weather we must take
into consideration the swell-up of the water surface at the side of a ship due to
the ship motion, namely, {, produced by the heaving, pitching, rolling, swaying
and yawing. As known from the results calculated above the effect of 7; is so
large that we should not forget ¢; due to the swaying and yawing motion of a
ship.

Throughout thése works, the writer is very gratefull to Messers. Arakawa
and Yamasaki for their help ‘ in numerical calculations as well as in presenting
the manuscript.
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