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Seakeeping Reference

It is possible to obtain help for several items in the data tree and windows
simply by passing the mouse pointer over them.

1.1 Introduction

FEM-Seakeeping is an advanced tool available for analyzing seakeeping
problems developed at the International Center for Numerical Methods in
Engineering (www.cimne.com) in colaboration with CompassIS
(www.compassis.com). Despite of the youth of this software, it is quickly
gaining recognition among research institutions, universities and companies.
While most seakeeping softwares available are based on the frequency
domain and boundary element method, FEM-Seakeeping has been conceived
for more realistic simulations working in the time domain and using the finite
element method, which allows the use of complex unstructured meshes
recommended for the simulation of complex geometries.

FEM-Seakeeping is built in GID (www.gidhome.com), an universal, adaptive
and user-friendly pre and postprocessor for numerical simulations in science
and engineering. Moreover the software has been optimized such that just a
few tens of thousands of nodes are necessary for simulating almost any
existing floating offshore structure, reaching in many real time simulation and
faster. This has been possible thanks to the development of a GPU library to
enhance speeding up the simulations by carrying out the heavy calculation in
graphic processing units.
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FEM-Seakeeping also offers the capability of introducing any external loads
acting over the structure under study, other than those induced by waves.
Moreover, prescribed pressure variation can be imposed over selected free
surfaces, allowing simulating devices such as wave energy converters based
on the oscillating water column principle, as well as aircushioned vessels.
Furthermore, FEM-seakeeping results are prepared to be read by RamSeries,
a FEM based structural program specialized in structural analysis and design
of marine structures. This multiphysics platform allows the simulation of
complex designs such as tension leg plattforms used for floating wind turbines.

1.2 General Data

Set the Units, gravity value and Water density.

Units:
urits |orawity  water density | results seakesping
Lk
Geometry units: | G
Units systern: | Int. system (S1) w
w OK | | M Cancel
Gravity:

Set the gravity value and the direcction as well as the metric unit.



General Data

- L

units| Gr&naty  waber density | resuls seakeeping
Gravity

bl (]
Y: |0.0

Z: |-1.0

M: |9.806E5 mys? w

Lwrox [ x conce

Water density:

Introduce the water density and the metric unit.

units | gravity | waker density results seskesping
Wates densty

Water density: key/rri® v/

vor || ® cancel |

Results Seakeeping:
Select the format of the output file. The options available are:
- Default: will write the output file using ASCII format for older postprocessing.

- Binary 1: will write the output file using a binary format for older
postprocessing.
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- Binary 2: will write the output file using a binary format for newer
postprocessing.

- ASCII: will write the output file using ASCII format for older postprocessing.

|units | graviby | water density | results seakeeping
Riesults Sealmaping

Eesult File: Default v

Binany 1
Binary 2
cil

v or || 2 concel

1.3 Problem description

Set the environment bathymetry, wave absorption, and wave radiation across
the edge of the computational domain:



Problem description

‘.. m Problem

Heschption

Problem description

Bathymetry:
Depth:

[v] Wave absorption

Infinite depth

0.0

Absomtion factor: [1.0

Beach:

10

Sommerfeld radiation condition

VoK |

¥ Cancel
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e Bathymetry

- Infinite depth: to be used when the depth is much larger than the wave
lengths. In this case, the depth of the domain should be at least about half the
wave length of the largest wave length.

- Constant depth: to be used when the bottom is flat, and the depth is
constant and smaller than the wave lengths. If the water depth is larger than
the wave lengths, it is recommended to use the infinite depth option.

- Depth: only available if "Bathymetry=Constant depth” was selected. Introduce
the depth value to be used.

* Note that when the depth is greater than % the wave has no perturbation due

to the depth, but it changes considerably when the depth is less than % and

greater than Z_IEJ in shallow waters the wave begins to break.

* Wave absorption: select if scattered waves generated by the presence of
the body are to be absorbed when moving away from the body.



Problem description

® Absorption factor: determines how strong the dissipation is (recommended
value "1"). Large absorption factors might cause instabilities and wave
reflection.

e Beach: Determine how far from the gravity center of the body the free
surface absorption starts. For instance, if Beach=100, there will be no
absorption within the circle of center at (XG,YG,0) and radius 100m. It is
recommended the outer boundary of the domain to be circular and
separated from the body at least 1 wavelength.

e Sommerfeld radiation condition: Select if scattered waves are to leave the
computational domain throught the outlet boundaries.

1.4 Wave environment

Set the type of wave environment.
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\Wawe specirum type: Monochro | ¥
Amplitude: 1.0 [im &
Period: 1 5 Rl
Direchion: 00 ||deg ¥
Mean wave period b 5
Significant wawe height 1.0 | fm
Shortest penod: 4 5
Longest penod b g
NMumber ot waves periods &

Mumber of waves direchions: |1

Lower direction: 0l |ldeg
Upper direction: 0l | ldeg

' OK X Cancel




Wave environment

® Monochromatic wave

This option generates a wave environment that corresponds to a
monochromatic wave. Inputs:

- Wave amplitude and period:

=
amp|ituede (&)

displacemsent from aquilibrium
=]

period (T)

- Direction:
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a0°
120° 60°
150 : . .. 30"
180° . o0 X
2107 ' ; 3300
40 300°
270°

*Note that the direction is measured from the X-axis and in an
counterclockwise direction.

® Pearson Moskowitz

This option will set the wave environment to that correspondint to one
realization of the Pierson Moskowitz spectrum. The Pierson and Moskowitz
assumed that if the wind blew steadily for a long time over a large area, the
waves would come into equilibrium with the wind. This is the concept of a fully
developed sea. Here, a long time is roughly ten-thousand wave periods, and a
"large area" is roughly five-thousand wave-lengths on a side.

The Pierson Moskowitz spectrum is given by:

5 4
50 0 (% o 005 ()]

where S(w) is the wave energy density; Hg is the significant wave height; T, is

the mean period in seconds; w = 21UT; T is the wave period in seconds; and
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Wave environment

mo = 21W7Tm. The Pierson-Moskowitz formula in terms of Period:

S(T) 011 T

2 o [-044 (1) ]

W

il
i
-\-'\_
]

" [ \
- L \
. b A

This option generates a wave environment that corresponds to an random
realization of the Pearson Moskowitz spectrum. Wave phases are imposed
randomly. Inputs:

- Mean wave period (Tm).

- Significant wave height (Hg).

- Shortest wave period (Tmin): Tmin=Tm/2,2 recommended.

- Longest wave period (Tmax): Tmax=2,2xTm recommended.

- Number of wave periods: or number of wave frequencies to be used.

- Number of wave directions: in case the waves propagate within an angular
sector, this parameter determines in how many directions the angular sector
will be discretized.

11
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- Lower direction: indicates the lower limit of the angular sector respect to the
X axis.

- Upper direction: indicates the upper limit of the angular sector respect to the
X axis.

* Note: the total number of waves used in the realization will be the "number of

wave periods” times "Number of wave directions”.

* White noise: this option generates a wave environment that corresponds to
a realization of a white noise. Wave phases are imposed equal to zero.
Inputs:

- Amplitude: all waves will have the same amplitude

- Direction: all waves will propagate in the same direction. 0° means along x
axis.

- Shortest period: minimum wave period to be considered.

- Longest period: maximum wave period to be considered.

- Number of wave periods: or number of wave frequencies to be used.

* Note: this realization is done with a set of waves of equal amplitude and

direction, wave phases set to zero, and periods uniformly distributed between
the minimum and maximum periods.

1.5 Time analysis

e Simulation time: set the length of the simulation.

e Qutput step: set the lag-time between recordings. Should the output step be
shorter than the time step, the former would become equal to the latter.

e Start time recording: set the point in time when recording of results will
start.

12



Time analysis

¢ |nitialization time: set the length in time to initialized the problem.

Time analvsis

Simulation tirme: kil |5 v
Output step: 0.1 | :E ¥
Starttirme recording: 50 ||s ~
Initialization time: |40 _' s v

" OK || X Cancel

* Note: During the initialization time the interaction between the wave
environment and the body will be introduced smoothly to avoid unrealistic initial
situations.

1.6 Numerical setup

® Processor Unit: Options:
-CPU: all calculations are carried out in the CPU.
-CPU+GPU: solver computations will be carried out in the graphic processing

unit if possible. All the other computations are carried out in the CPU.

® Solver: Select the solver to be used. The deflated conjugate gradient is
recommended. In case it doesnt work, Conjugate gradient is recommended
next.

Preconditioner: Select the preconditioner to be used.

13
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- It is recommended to select ILU if the Processor Unit is set to CPU.

- It is recommended to select SPAI if the Processor Unit is set to CPU + GPU.
If calculations seems to be too slow, switch to diagonal preconditioner and see
which one goes runs faster.

e Solver tolerance: maximum tolerance allowed before convergence is
reached.

e Solver max iterations: maximum number of iterations to be carried out by
the solver if convergence is not reached.
e Stability factor: this factor controls the time step to ensure stability.

*Note: the lower the stability factor is, the lower the time step will be, and the
more stable the scheme will behave. It is recommended to start with a factor of
1.

e Max iterations time step: maximum number of iterations in one time step to
reach convergence of the algorithm which calculates the object dynamics
coupled with the wave resolution.

e Tolerance: maximum error allowed in the previous algorithm.

14



Numerical setup

Fugsaricsl selup

Frocessor unit CRU -
Siokear Conjugets gradien b
Frecond.: LU -

Sohaartolerance:  |1.0e-7
Sobvar mae ier: (1000
Shtakyility fachor 1.0
Mleoc figr, ema siep 20

Tolerance: 1.0

| vk || X o

1.7 Body data
Body properties

® Mass : introduce the mass of the object. For freely floating objects, it is
useful to introduce the mass as a function: "vol*density" or "disp"; which is
equal to the displacement.

e XG : x coordinate of the gravity center of the floating body.

® YG:y coordinate of the gravity center of the floating body.

e 7G: z coordinate of the gravity center of the floating body.

* Radii of gyration: the elements of the Inertial matrix are related to the radii
of gyration as: lii=Mass*rii*rii; Pij=Mass*rij*|rij|. Then:

rxx: rxx=sqrt(Ixx/Mass)
rxy: rxy=(Pxy/|Pxy|)*sqrt(|Pxy|/Mass)
rxz: rxz=(Pxz/|Pxz|)*sqrt(|Pxz|/Mass)
ryy: ryy=sqrt(lyy/Mass)
ryz: ryz=(Pyz/|Pyz|)*sqrt(|Pyz|/Mass)

15
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rzz: rzz=sqrt(lzz/Mass)

Degrees of freedom

Surge: select if the floating object is supposed to translate along the x
direction.
Sway: select if the floating object is supposed to translate along the y
direction.
Heave: select if the floating object is supposed to translate along the z
direction.
Roll: select if the floating object is supposed to rotate around the x direction.
Pitch: select if the floating object is supposed to rotate around the y
direction.
Yaw: select if the floating object is supposed to rotate around the z direction.
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