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Exciting forces acting on a moving ship in a shallow
water can be divided into two parts: The main exciting
forces which are calculated according to the Krylov assump-
tion (that is, the ship does not affect water pressure
distribution) and the second which takes into account the
hydrodynamic forces (damping and inertia) and is called
the deffractional component of the exciting forces. Com-
parison of exciting forces defined according to the Krylov
assumption, with the experimental data in an infinite depth,
shows that matching takes place when the length of the wave
is much greater than the length of the ship.

Attempts in taking into account the hydrodynamic forces
for actual ships involves many mathematical difficulties even
for infinite depth, Reference [l]. In the case of shallow
water the wave problem is not solved completely. For approxi-

mate methods see References [2] and [3].

In this paper the same assumptions as in References [2]
and [3] are used:

1) The hypothesis of plane flow, and

2) The characteristic speed is the speed of the wave

profile variation in the vertical direction.

Good agreement of experimental and calculated exciting forces
for a wide range of relative frequencies, which was found in
Reference [3] allow us to assume that the hypothesis accepted

are not too inaccurate.
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The following coordinate system has been used (see
Figure 1). Let us assume that the non-moving ship is acted

upon by a train of progressive waves with a potential

_ 03 ch Ky (Z*/‘!_) .
x = - L Ain(Kk, T+CL),
Py (g2, )= G4 =5 Ky (Ko 1) (1)

where a = wave amplitude

2T
= = wave frequency

l

o’=
k = the wave number whicﬂ is defined as the real and

2
positive root of R_ tanh k h = g_
0] [e] g

Considering the linearity of the problem, we can define

the total potential as

¢=¢ +¢)7
¢ v (2)

where ¢ = velocity potential as a result of the ship influence

when subjected to the action of waves with potential

¢ .

w

The vertical component of the exciting forces is

F:jg/]g%cw (n,z)dS
5

(3)
Substituting (2) into (3)
_ 99y ad
F'ﬂ/f@? cos(n,z)ds +p[[ 77 cos(nx)ds, "
5

The first integral corresponds to the main part of the
exciting forces and the second integral to the second part

(i.e., hydrodynamic).



Looking at the main part of the exciting forces,

chx, (2+h)
vﬂag/f The (0 (kT rSticos(n,2)ds

or

Ih

F=pag / / C:’hkl:, co:(/eozfé t)cos(n,z)d{dzx ,

where 2 = frame section contour.

Using Gauss identity for the inside integral of the
above we get
2+
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(5)
chx,h
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where w - is the area of the ith frame up to the z waterline.
Yo ~ is the width of the ith frame up to the design

waterline.

Looking at the integral

_ shk, (2+h
Ik [ A,

and substituting dw = 2yz dz

where Y, is the width of the ith frame up to the z waterline.
We get

J=2k fchxh



Integrating by parts and substituting into (5)

%ch Ko (%+h)

=‘2j"’j/[ P ys cos(k,x+6t) dzdT. )

Introducing a correction coefficient HT(x) which can be

defined as

x)-———’ chx,,(zm) dz
r( fcht(,, ’

(6) can be written as

Nlh

2pag/i?t’ (x)cos(x,x +&t)dx.
(7)

Because of the approximation and the closeness of this value
of HT(x) to unity for all frames we can (instead of varying

this value), take an average along the ship length.

It is evident that ,_L

2xfyodx 2/36 (*) Yo x——zf[ th”:o(l”h) y,dzdzx =

Th Kolz+h) dr dz. (8)
/ ch:,,h 2‘72 *

The integrals in (8) are equal to

4? +-z(= I al ’El"

- N — — i
Z{goa’x S Zlyz dr=—r ; 2/(72 dx=s} ,
= T2 hk
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where S - is the area of the designed waterline
Sz - is the area of an intermediate waterline whose

distance from the designed waterline is z.

From this we can find



— Chkg(zf‘h) ’J,
= 5jchk,,h Sz dz, (9)

With h » =, H approaches the well known correction coeff-
icient for finite draft, used often in ship motions cal-

culations, Reference [4].

1‘
N

X= 5 e” gzdz.
[

Assuming a parabolic distribution of the waterplane

area
=5 [t-(#)'],
where
_ X . d -
n=73 a;_=_%(?z)n '

we get the integral (9) in the form

nl chx,,(—z+h)
= Tf('r‘ Thrgh o 9%

Introducing the dimensionless coefficient z = % and substituting
k=2
x[n(z‘)"" ng di
where
A=2% T(-E+7) B2 L L.



For given values of X and % we can obtain H for the whole

practical range of %. An example for y = 0.6 and % = 1.5;
3 and 5 is given in Figure 2.

When % = 5 the curve for H is almost identical to the
curve which corresponds to h_ o (see Reference [4]).

T
The principle part of the exciting force according to

Krilov assumption may be defined as follows

53
£,=2 Xpdgégo cos(k, T +Gt)dx .

Introducing the dimensionless parameters

Felz; Rembkemiw; G=f0; F=Fy
we get
Fy=F,, C038t + Fy,2iNGL,
where
F'wa:'szaj;'ocoj KoxdXx;, Fp,=— IZLZ xaﬁam;‘,i dx.
b/ =

To estimate the hydrodynamic part of the exciting force let
us assume that the flow, which is characterized by the poten-

tial, p, is two dimensional due to its long length and can

be described by g%éw . We can also assume that the
velocity aa_z_@” in section i can be replaced by

a constant vertical velocity.

i aqu;)
U =7z 2=-F °



Then for a given transverse section of the ship hull the

potential can be represented by

WAL
45‘ a;")z,_l ¥, 4,2),

wherejplis the amplitude of the velocity potential for the
cylinder with the hull section form oscillating in the

vertical direction, with unit wvalue of the speed amplitude.

The hydrodynamic part of the exciting forces taking

into account (10) can be written as

I-;=j0//g cos(n, z)ds-pf[(at T ) ch{n,z)dj’.
s

=- L
2

Substituting Al= ‘ﬂ# y'cos(n,z)d?, (12)

where % frame section contour

L
*3

f(atat) A= (13)
_k = 2

the expression (l2) represents the added masses of the above
mentioned cylinder. In the case of high frequency ki to the
first approximation be taken as half of the added mass for
round cylinder. The frame section contour is taken into
account by coefficient Z; ;, which can be found by using
V. A. Sobolov's or Prohaska's, Reference [5], graphs as a

B

function of B and T

The influence of shallowness for a given ratio % may be
taken into account by the correction coefficient ?h (Figure
3), which was calculated for the rectangular frame contour

with % = 2. The added mass for this case is defined by

. ; ,
i‘-o,s;z 3, EPYa - a)



For some frame section contours Prohaska's graphs, Reference
[5], can be used, where the contour and shallowness are

simultaneously taken into account (Figure 4).

The added mass for unit ship length is

i i 2
1—0,522,1@)}‘,. (15)

For inland waterway ships with frame contours closely
approximating rectangular forms, Figure 5 is used. The

added mass is calculated, using formula

=05 ¥y,
(16)

Numerical analysishas shown that for % > 2 the difference
between the added mass values obtained by the different

methods is less than 5%.

The necessity of taking into account the free surface
makes the solution more difficult because the corresponding
wave problem in the flow (with the resulting complicated
velocity distribution in the vertical direction) is prac-
tically unsolvable. Taking into account all previous assump-
tions we can use the graphs of Ursell (Reference [6]) for

the wave problem in finite depth (see Figure 6).

The correction coefficient which corrects for the
influence of the free surface, in calculating the added

mass, can be given as

71\‘: 2 ’ (17)

where K- is obtained from Figure 6 for given values of

4
%y, 4
30 =g

g - T



For intermediate values of % which are not included in the

graphs, the expression (17) 1s rewritten as

B Kiheos En
¥ 2 (18)

i

using K4

from Figure 6 when h = « and
[4 .
fy wﬁenﬁ-é'#w

éi
4 K¢ when $-=oo

obtained from Figure?for a given value of éL and h

T
The influence of the frame contour on KZ can be
estimated using the graphs by Tasai (Reference [7]). Then

-y &
5 becomes
k

) i
i 1tR, 6

" 5 (19)

The added mass, taking into account the free surface correc-
tion, is obtained using the same formulas (14), (15), and
(16) multiplied by 5; . The influence of three dimen-
sional flow on the value of the added mass is found using

the coefficient Rl (Figure 8) as a function of % (Reference
[51).

In lieu of (14) and (17) formula (13), for the hydro-
dynamic part of the exciting forces, is
£
4

ok
to%
== R'P{(m—l'tlr)z___} 5 3a(1+k,)y, dx =
!

~

=

2

é}z 3, (1+K; )cos (k,x +GT).

r .
_ b3 2 Jhk’o (__2—+h)
== % Rpae 3h Ky h

Non-dimensionalizing, as was done for (11), we get

E=F  cosét +F, sinaGt,
(20)
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e 32 ShD. ?z?h (1*K,)G, cosR, T dx;

S8t R a}B

E= 37 JhD/}g?h(“Kd#o Jin Ry X dx .

The total exciting force according to (4) is defined

by the sum
F'(Fun*ﬂ-f)m’ét*(pw F,)3tnet =V{Fw1 (o rz)’ ca:v(ét—dy,
where o = arct *Fr1) is the phase difference
9 e P

between the exciting force and the waves. The moment of
the exciting forces about the 0Y axis is defined by

M,= —/f(p -p, )X co3(n,2)ds t/’f(p -p, )2 cos(n,x)ds.
s 5

The second integral is small compared to the first and is

neglected. Then using the Lagrange integral,

de,
M= =7 xcos(n, z)ds
y f’{f 3t

This expression for the exciting moment is different from

equation (3) for the exciting forces due to the additional

(21)

(22)

X component in the integrand. For this reason, the exciting

moment is described by an expression identical to (21)

10



M= (M, +M,)cos6t +(M,,* M ,)3inGt =

i :
“\[M,,* My, Y *(M,t M, )P cos (6t -B)

where

r8 L3 4

M,="% xafx(zl/ 04 R, X dx |
]

s> _ A _
My,="""3 xafxyannxoxdx;

__ Frerrag,
M=~ 5% JhD ? ?h(l l\‘,‘)xyo cosK,Tdx

Tysl’R,a3, shc ey == =
M= 64 shD }z B (1K) Yy 30 Ko X dz
-1

R2 - the three dimensional flow correction (Figure 8)

_/9 azctg M .

(Myr *Mp)

where B is the phase difference between the exciting forces

and the waves.

With the above equations a numerical example was cal-
culated for a Series 60 ship with a prismatic coefficient
0.60 for —1% = 4 and 6 (see Figures 9 and 10). The results
are given in terms of a non-dimensional exciting force F
and moment M

V(Fun + ) (Furg® F) |

F‘ J’GS ’

ﬁ=.ww”ﬁM"YﬂwaMn).
Iy %ur ’

i i &

(23)

(24)

(25)



where S = waterplane area of the designed waterline
y = moment of inertia of the same waterplane
_ 2ma
oy = T wave slope

In the same figures, are given the results obtained by
Reference [3] and experimental data for infinite depth
(Reference [8]). The qualitative influence of shallow-
ness is expressed by the increase of the exciting force

for long waves, a decrease in the range of % * 1 and

an increase for short waves. For shallow water the role
of the hydrodynamic forces reaches a value of 60¢ of the
total force for the practical range of % = 1.
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