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Problem definition
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The fluid is ideal, so we introduce the velocity potential V(x,t) = V®(x, 1),
where V(x, t) is the fluid velocity vector. A® =0 in the fluid, together
with the linearized kinematic condition, ¢, = v;, and a dynamic condition.
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Surface conditions

Outside the platform, we have the free surface condition,
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Surface conditions

Outside the platform, we have the free surface condition,

and at the moving platform
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Definitions

We assume that the velocity potential is a time-harmonic wave function,
D(x,t) = ¢(x) e !, We introduce the following parameters:

CUQ mw2
K(=v) =5 n="0 D=0
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Definitions

We assume that the velocity potential is a time-harmonic wave function,

d(x,t) = ¢(x) e !, We introduce the following parameters:
L 2 mw2 o 2

K(_ V) T 7 M T JoJs] Y D T pg'

The potential of the undisturbed incident wave is given by:

gCoo cosh(ko(y + h
¢ (X) — 7 ( 0( ))
iw  cosh(koh)
where (, is the wave height in the original coordinate system, w the fre-

quency, while the wave number k; is the positive real solution of the dis-
persion relation, kytanh(koh) = K, for finite water depth.

exp(ikox)
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Green’s theorem

If the Green's function obeys the free surface condition we obtain for the
total potential:

2mp(w, y) =2m " (w, y)—

9G(x, 2 &,m)  OBEn) .
-/ {¢(€ﬂ7) e g<x7z,£,n>} ds-+

| 9G(x,y:€,0)  9H(E,0) .
N /O <¢(g,0) T g(a:,z,f,())) de.



Choice of the Green’s function

Depending on the situation we choose a different form of the Green's func-
tion

G(z,y;6,m) =/

r ;K cosh vh — ~ysinh vh

1 K sinh vy + « cosh vy

coshy(n + h) ehr=0) dy

for y > n
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Choice of the Green’s function

Depending on the situation we choose a different form of the Green's func-
tion
1 K sinh vy + « cosh vy

- — [ = h ) @6 4
g(x7y7£777) /‘El")/KCOSh’Yh—/}/Sinh’}/h COS 7(774— > € /y

for y > n

KQ
G(x,y,&,n) —QWIZk e hK2+Kcoshki(y+h)

cosh k;(n + h) eiki|x_§|,
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Choice of the Green’s function

Depending on the situation we choose a different form of the Green's func-
tion

G(z,y;6,m) =/

r ;K cosh vh — ~ysinh vh

1 K sinh h i
SN yy -+ 7y cosh yy cosh (1 + h) el (@—=¢) dy

for y > n
1 k? — K2
G(z,y;§,m) = —2mi ; Rk — hE? 4 K cosh k;(y + h)
cosh k;(n + h) eikilx—ﬂ’
r r
Gla,y:&m) = log() + 10g(ﬁ2)+

/ v+ Ke " coshy(y + h) coshy(n+ h)cosy(x — &) e "
+ . + d,
: v K coshyh — vy sinhvh

where 75 is the distance to mirror of the source.
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deflection due to a source

The equation for the deflection w(x ) of the platform becomes
o* 34

- - 1 ki_K2 ki(x—xg
= —2i ; bRk — WK Kcosh k;h cosh ki(yo + h) elhilz—r0)

Here we have used the mode expansion of the source at (z(, ).
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deflection due to a source

The equation for the deflection w(x ) of the platform becomes
o* 64

- - 1 ki_K2 ki(x—xg
= —2i ; bRk — WK Kcosh k;h cosh ki(yo + h) elhilz—r0)

Here we have used the mode expansion of the source at (z(, ).

We introduce the following expansion for w(x)
N+1

_ Z (aneiﬁ;nx n bne‘i"n(”f‘”)
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Dispersion equation

We use the first version of the Green's function. Integration with respect to
¢ and closure of the contour in the complex ~v-plane leads to the dispersion

relation:
(Dk* — p+ Drtanh kh = K
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Incident wave

together with a 2N equations of the 2NV 4+ 4 unknowns a,, and b,;:

N-+1 B 1k |
a, b,e'"n
> (D' — p) — | =0
n—0 Rpn — R Knp T K;
N+1 B Ik 1
E (Dr* — ) +- = 0.
— Kn + ki K — ki
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Incident wave

together with a 2V equations of the 2NV + 4 unknowns a,, and b,,;

N—+1 0 a b ei/inl
D 4 n _Un _ _50
'n,z:;( " Iu) Ky — kz Ky 1 kl "
N+1 I e 1
—a,e"" b
D 4 n n 0.
;< w ) kn+ ki knp— k;
We also have two conditions at each end of the platform:
dw  dw
a? a0 A=l

]
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Point source

For a source (strength=-2) on the left hand side of the platform xy < 0
N+1

a b, el
D 4 n _Yn _
Z< "n M) Ky — ]f@ Ky, -+ kz

n=0
e -
— ZkQK cosh k;h cosh k(v + h)e™ "%
N+1 I
—a,e" b
Dk, — - | =0.
nz:%< o = 1) Kn + k; +/£n—kz-

If the source is underneath the platform we split the platform in two parts
and obtain a set of equations in a similar way.
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Variable z,, fixed yo = —1.5,1 = 300 m. ,D = 10" m.* and % — 27 /60

0.4
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= 0.27

0.15

0.1

0.05¢

X/
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Combination of source and incident field, o = —2, yo = —1.5

0.7
—INC
0.6 — source
—comb

X/
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matrix configuration

/ C—C P—C \
np X np (2N +4) x np
C—7P P—P

npx (2N +4) | (2N +4) x (2N +4)

\ /

The circle C we have divided in np segments, so we have np unknown
values of the source strengths. We use the third expression for the Green's
function.

At the platform P we have the matrix as before for the 2N 4+ 4 unknown
coefficient of the series.
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The coupling coefficients P — C

Forn=0,---, N + 1 the effect of P on C becomes

N—-1
2m K cosh k:(y + h -
L (e Ty L (UL S
D (kh + K — K?h) cosh k;h
i ei(/in-l-ki)l 1 o eiﬁ;nz . eikil_
a
1(! Delft A.J. Hermans, Osaka, Japan 29" IWWWFB; March 2014 14 of 36



The coupling coefficients C — P

The influence of unknown source strength on C on the platform P for
1 =20,---, N —1 follows from

/¢ 8929326?7)(1

with
| kK
g2($7y7£777> T _k‘zhkg . hK2 n K
- cosh k;(y + h) cosh k;(n + h) eiki\fv—ﬂ’
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Influence of C on the righthand side of P

The motion of the cylinder influences the righthand side of P by means of

the term (€. 1)

fore=1,---N —1 and

1 K- K
L, Y, G, - .
- cosh k;(y + h) cosh k;(n + h) eikilw—€|7
1(! Delft A.J. Hermans, Osaka, Japan 29" IWWWFB; March 2014 16 of 36



deflection with fixed yo = —1.5 and “’?2 = 27 /30

0.12
= none
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deflection with fixed o = —1.5 and %2 = 27 /60

X/
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Added mass in heave (\,,),with and without P, =y = —1.5, yo = —2

1.3 . .

=none

1.2
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Added mass (coupling coefficient) (A;,), xo = —1.5, yo = —2

0.15

0.1}
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Added mass in surge (\;,),with and without P, xq = —1.5, yo = —2

1.3

=none

1.27

0 0.5 1 1.5
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Damping in heave (p,,),with and without P, =y = —1.5, yo = —2

0.7
m— ONe
0.6 —D:107
e 1 10
05! D=10

1.5
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Damping (coupling coefficient) (ptzy), xo = —1.5, yo = —2
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Damping in surge (p.:),with and without P, g = —1.5, yo = —2

0.7
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1.5
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C underneath P??

Two suggestions for extension of the method for C underneath P:
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C underneath P??

Two suggestions for extension of the method for C underneath P:

e One may make use of the fact that the dimension (in the x—direction)
of the cylindrical object is small compared to the length of the platform.
The same splitting procedure as described in the case of the point source
may be used.
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C underneath P??

Two suggestions for extension of the method for C underneath P:

e One may make use of the fact that the dimension (in the x—direction)
of the cylindrical object is small compared to the length of the platform.
The same splitting procedure as described in the case of the point source
may be used.

e For a large object or small platform one may solve the plate problem in
a way as described in reference (1). | suggest to use the expansion in
orthogonal modes, because then the integration with respect to x along
the platform may be carried out analytically. The resulting integrals can
be computed numerically as described in the reference.
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Effect of a heaving cylinder on the deflection y, = —2, “’?2 = 27/60)
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Effect of a surging cylinder on the deflection y, = —2, “’?2 = 27 /60

0.1 - - . .
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Deflection for an incident wave y, = —1.1, “’?2 = 27/60)

0.5
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Added mass in heave, g = 2, yo = —2

yy - -—Nnone

£.1Delft A.J. Hermans, Osaka, Japan 29" IWWWFB: March 2014 29 of 36



Added mass in heave, xo = 10, yo = —2

Ay —none
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Damping in heave, xo = 2, yp = —2
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Damping in heave, x¢ = 10, yo = —2
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Added mass in surge, yo = —2, D = 107
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Damping in surge, yo = —2, D = 107
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Added mass in surge-heave, yo = —2, D = 107
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Damping in surge-heave, yo = —2, D = 10
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