S PTEETE (

Jiangsu University of Science and Technology

Hydrodynamic Analysis on Ships
and Offshore Structures

Jiangsu university of science and technology




Teaching contents

/ 2.4 Linear wave radiation by
\ floating structures




Radiation, only has 3D body (added mass...).

Diffraction, body is fixed, which is wave
induced motion.




Mathematical formulation

With the assumplions that an arbitrary [loaling body

on the [rece surlace oscillatcs with small amplitude
compared to a principle body dimension and the water
depth 1s not small comparcd with a (ypical wavce
length ol the radiated wave, 1l 1s possible o apply
Taylor scries expansions o (ranslorm the body surlace
condition at the mcean body surlace and (ranslorm the
[ree surlace boundarv condition at the sull waler
surface. Using Stokes expansion procedure, the
first-order quantities can be separated by introducing
perturbation series



Inner region

0 '
<44 S Vi

Defiition sketch



Mathematical formulation
The reference svstem of Cartesian coordinates 1s

defined by letung (x, v) plane comcide with the mean
free surface and z points vertically upward from the
still water level as shown m Fig.1. The body surface 1s
denoted by &y and 1ts umt normal vector directed
outward [rom the Nud region 1s denoted by m. The
seabed Sy 1s assumed horizontal along the plane z = 4.

Let 7 denote ume and # be the free surface elevation
relative to the still water surface Sz An artuficial
boundary 5. 1s mtroduced as shown m Fkig.1, which
divides the [lmd domain nlo mnner region and out

rcgion.  The boundary § ol mner region  1s
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where g 1s the acceleration due to gravity, and /7 1s the
velocity of the body.
For simple case, Sc can not be penetrated.



The Integration form of free-surface boundary

condition (IFBC)
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Mathematical formulation

three dimensional green theorem

[lere pix,y.z) is a field point and ¢(&,7.0) is a source
point on the surface of the domain, G(p.,g) 1s a Green’s
function. For cases 1n which the seabed 1s horzontal. a
Green’s function which contamns the fundamental
solution of the Laplace equation and its images can be
chosen to account for the symmetry about the seabed.
In this manner, S5 can be excluded trom the surface of
the domain, and the mesh on the seabed does not need
to be generated. 1his Green’s function 1s
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Mathematical formulatlon

three dlmensmnal green theorem

G(p.(q.q4)) = Z—

-1 7
where ry 18 the distance between the field pomnt p(x.v.z

and source point g(&.77,¢) and ¢’ (&1, (2h+O). ¢ is

the image of ¢ about the seabed. Thus, r; 1s given by

(A—L.) +(v—m) +(z-{),

ro= \f{x —EY +(v=) +(z+2h+ ).



Mathematical formulation

three dimensional green theorem
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three dimensional green theorem

The matnx cocllicients §; and Dy correspond (o
micgrals ol the Green’s [unction and 1ls normal
derivative over the area AQ of the jth facet

respectively. Sy and Dy are written as

S, = [ Gids,.
AQ,
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Results

Numecrical simulation of liqueficd natural gas

carrier with elliptic plan-form domain

-
-
] -~
- =
- - = - -
- H-17IE
# = T
[ E
- ___.-l“"' — = i
—er
=
- L < = A1
~1 - - = -
- p
|- A" 1=
—— -
A = - =
[ S =
= e - -~
3 — -
i
- - o
1| =t =t 4
1 = -
 — ™ - b
. -1 -
"




Results
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Results

«10" ——History of wave force
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