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Non-linear formulation

Potential theory AP =0

Free-surface condition (no surface tension) on z = ((x, y)
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s differentiation along the free-surface.
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Non-linear formulation

At the exact hull H(t) we have
0P Oa
on ot
where a¢ Is the displacement in the mean ship-fixed coordinate system.

‘N,

Radiation condition.
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Decomposition of the potential

We decompose the potential function in a steady and unsteady part
P (x,t) =D (X)+ ¢y (X, t).
Cholices for the steady part are

e O, (x) = Ux the unperturbed flow

o O, (x) =, (x) double body flow

0 d(x) = B, (x) + 6 (%)

e Solution of the nonlinear steady problem (RAPID)
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The steady potential

The non-linear free surface conditions for the steady potential are
0P.0(s O0P,0(s 0P,
— p— O p— ,
Ox 8X+8y oy 0Oz on z=Cs
(s Is the steady free-surface elevation that satisfies
1
Cr= g (Vs VO, —U7).
with @4(x) = &, (x) 4+ ¢p(x) and z' = z — (, the free surface condition
becomes

1
¢Z + 5 [q)gxqux + 2Cl>rxcbryquy =+ ¢%y¢yy+

(3q>rxq>rxx + 2Cl>ryq)rxy + cl)rxq)rzz) Cbx_l_
(3P, P,y + 2P, Py, + Dy P i) &yl = D(x,y) at z=0,
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The steady potential

with
D(x,9) = 5[0 )®rx(x.5. 0 + 5 [G(x.1) By .. 0)
and .
(= 2 UP— 7 (x,y,0)— 7 (x,y,0)] .

The condition advocated by Dawson is
(92,01 90, = 202D,

where [ 1s a curvilinear coordinate along the streamlines of the double body
flow.
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RAPID (Raven)

Source distribution
O,(x) = 0+ [ | o(€)G(€x) ds;

where for deep water the Green's function Is chosen as

GEx)=———  r=|x—§|

4mr
The Iintegration may be chosen along the ship hull and the actual free

surface or raised panels.

Several sources of errors such as

e choice of difference schemes

e position of raised panels yrs = aAx

e upstream shift of coolocation points yAXx
o X X X
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RAPID (Raven)

Dispersion 77

Introduce (notation: Sclavounos and Nakos)

< kAXx o U
T on NN

The continuous dispersion expression

e

W, = ko — k = ko(1 —2TF n3s).

The dispersion relation for the discrete operator becomes

A

W, = ko(1 — 2T FnxLh(s)).
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Deviation in the dispersion
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RLhA(s) for a=0.5 and y=0.5, 0.25, 0 and SLh(s) for vy =0.25.
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Deviation in the dispersion

0 0.1 0.2 0.3 0.4 0.5
R and SLA(s) (i) for a =1, v=0.25 and Dawson (ii).
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Unsteady potential

We linearise along the steady free surface z = (;

2
a¢“+2vq> .V a¢“+vq> -V (V- V) +
1 aCbU a¢u 2 ¢U

2 ( ox 8XC5+ oy Gycs> [VOs[[“+g 62

5 (1(0d, & 8D, B ,  0b,
“Bz <§ ( ox 0x;, |y 5y<5> IV 32) >
For &, = Ux

8¢, 8¢, ,0°¢, B¢,
a2 T2Vt TV a2 795,
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Slow ship in short waves

For & = ®,(x), with u=(u,v,w) =Vo,(x) (Baba)
1 [a o 0 r 0

g
Ray expansion

at " Yax T Vay
d(x, t: k) = a(x, k) elkSE0-lwt
a(x, k) = z s 2i(%) +o((ik)™).

7 (k)
with k = w?/g and w :wo—l—koUCOSQ
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Asymptotic formulation

Eikonal equation with p := (54, S,)

F(x,y,5.p,q)=(1—u-VS)*=VS-VS=0.

Transport equation
{OVS+4(1—u-VS)’u}-Vay+aMS =0,

where
MS = A3S —2u-V(u-VS)(1—-uVS)?.
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Characteristic equations

and
dS

do

dao

—=F,=—4(1—u-p)°u—2p,

—=F,=—4(1—u-p)’v—2gq,

= —(Fx+pFs) =4(1—u-p)3(uy-p),

=—(Fy+qFs) =4(1—u-p)*(u, -p).

= pF,+qFq= —4(1—u-p)3—|—2p-p.

— = aoMS.

do
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Characteristic equations

This operator MS has the final form

r 52
MS=S5,,31—-2|VS|u*— = }+
S5i+S7

( 5,5

2 X~y

4 5 52
S,y 1—-2|VS|u —S§+S§}—2|VS|V(U-U)-VS.

\

\

\
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Ray pattern 7 =0.25
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Ray pattern 7 =0.5
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Added resistance

¢
FW:—/ / nd/dz=
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Added resistance for (i) a circular cylinder and (ii) a sphere
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Numerical formulation

With time-step At we use the second order difference schemes:
¢ 1
Ot>  (At)

a¢i 1 I—1 |—2
ot At(d)_ 20 d) >+0((At)>
This leads to the following FSC

(2¢I . 5¢/—1 _|_4¢I'—2 . ¢/—3) 4+ O ((At)z)
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Numerical formulation

2 T 3 ,-
0 ((At)fgszm)+W’5'V(W’S'V¢)+
¢l

3 T
2 o S
( : gS>v¢ Vs tIg, T

(acp" 5 8¢ B
1
2

CDs °= f — Gs
5x dx.. | By ay<5> Vs on z=¢

0 0P, 0 0P O oOP
== - Oy|l°+ g—— = G
0z ( ( Ox 3XC+ oy 8y¢> IVl +g 0z > onz=¢

10 ,
' . 5,_ L+ 52551Vl . .
B 5¢/—1_4¢/—2_|_¢/—3 T) (2¢/—1 _%¢/—2)
(At)’ g5 At
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Numerical formulation

For example, we write

Vo, - Vo= ||V,

|§¢(X)—2

¢ (x1) + 50 (x2)

As

+O ((As)z)

difference scheme for Vo, - V.
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Deviation in the dispersion

0 %1073

-3

0 | 0.4 “' 0.8 B
T=25,1, 0.5, 0.25 (top down), Fn=0.4,0=0, k=1, a =0.05.
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Deviation in the dispersion

%1073

—12

—16

0 1 p 2 3

6=0, w/8, w/4, 3w /4, w/2 (top down), Fn=0.4, a=0.05 u=1, A=1.

|
Added resistance; Aad J. Hermans, 19th IWWWEFB, Cortona, 30 March 2004 (slide 24)



Hull paneling of LNG carrier for Froude number 0.2.
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Steady wave pattern for Froude number 0.2

TU Delft
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Added resistance F,=0.2,0.17,0.14
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Added resistance (bow-quartering)
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Added resistance with different steady flow
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Results cruise carrier

¢ measured -= FATIMA
—4 Gerritsma Beukelman e PRECAL

W S &) o
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added resistance [kN/m2]
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Comparison with asymptotic results

& measured = FATIMA
—4a— Gerritsma Beukelman —e— PRECAL
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