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Recent updates and preview
of WAMIT V6.3




Updates in V6.3

An option to accurate evaluation of the mean
drift forces using control surface Is added

Any quadrants/halves of body geometry can
be input when body has symmetric planes

Thin flat elements can be specified at x=0 or
y=0 plane without loosing symmetry.



Mean drift force by control surface

The mean drift force/moment are evaluated by
evaluating momentum flux on the control surface.

The method provides as accurate results as far field
momentum drift force (IOPTN.8). Thus the method
can replace the pressure integration (IOPTN.9) when
the latter must be used such as in the multiple body
Interaction.

The control surface, CSF, should be specified as an
iInput in the similar manner as GDF.



= Control surface encloses the body. It includes free
surface portion if the vertical components is of interest
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It is simple to create CSF as all available GDF input
option can be used for CSF.

Low-order method: Flat panels

Higher-order method: Flat panels
B-splines
MultiSurf patches
Exact geometry

*If vertical component is not of interest and WAMIT may
generate CSF internally for most arrangements.



The pressure (or momentum flux) on CS are integrated
In piecewise manner for low-order method or based on
Gauss-gquadrature in higher-order method

The accuracy of the integration over control surface is
determined by the number of panels in the low-order

In higher-order method, it is determined by a parameter
specifying panel size in each CSF

Additional input in configuration file (CFG)
ICTRSURF=0 Pressure Integration
ICTRSURF=1 Control Surface



Contribution from the tanks can be evaluated as current
pressure integration and added to the exterior forces

Fluid pressure and velocity are evaluated at large
number of field points on the control surface and the run
time of Force module increases.

In practice, this would be compensated by reduced run
time of Poten module because the method is less
sensitive to the discretization of the body surface than
the pressure integration.



All quadrants/halves of body geometry can be
Input when body has symmetric planes

In V6.2, when ISX=1 or ISY=1, only x>0 or y>0 of
body geometry should be specified in GDF

In V6.3, any one of the quadrant or half can be
specified in GDF



Thin flat elements can be specified at x=0
or y=0 plane without loosing symmetry

In V6.2, when thin flat elements are on the planes of
symmetry both sides of the symmetric plane must be
specified GDF.

For example, for a ship with bilge keel along the
centerline, the entire hull should be in GDF.

In V6.3, a half of the ship + thin element can be specified
In GDF and the symmetry of hull itself is exploited.



Works on the 2"d-order module

Investigation has been made to find an improvement in efficiency
of proposed approach to storing Rankine part of subdivision

Following numbers are required on the free surface
around bottom mounted cylinder due to the subdivision
4x 4 panels 120k free surface points

2 X 2 panels 55k

1 x1 panels 15k

(Free surface forcing are evaluated at these points.)

Sorting the same points within some tolerance reduces numbers.
Within1E-5 the number reduced by an order of magnitude



The computation for the velocity potential on the
waterline reveals inaccuracy of the potential near
the waterline due to current integration scheme in
V6.1S, although the global quantities are more
accurate than the low order output, illustrating more

accurate approach is required in the higher-order
method.

The result in the attached paper by Molin et al. is
made using low order option.



‘ Geometry considered in Molin et al.
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Proposed delivery sequence

V6.3

V6.3 + Quadratic forces including Tank and Lid for Multi-
Body interaction

V6.3S



\ Evaluation of quadratic force using
control surface




Mean drift force by momentum conservation
Newman (1967) — far field
Ferreira and Lee (1994)-near field-numerical but accurate

Quadratic force by pressure integration

Lee and Newman(1991) — numerical, not always robust
due to body velocity.

Nonuniform discretization and mapping are used normally.

Fine discretization may be necessary and can be expansive
especially in multi-body interaction. Sometimes convergence can’t
be confirmed.

Quadratic force by use of control surface + body surface, proposed

by Chen(2005), appears useful. The rederivation of the expressions for
this approach is in the appendix and the method is implemented in
WAMIT



Quadratic forces
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Unif

orm and Nonuniform on the body

Cylinder
R=1T=1
B Control Surface
R=1.2T=1.2
4
Black Pressure Unifrom
Red Pressure nonuniform
| Blue Momentum Uniform
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Box L=1.6, B=1.6, D=0.8
Cosine spacing near the corner over 0.2

Lines : Constrol Surface
- Deltas : Momentum (optn.8)
Circles : Pressure (optn 9)
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Box L=1.6, B=1.6, D=0.8
Uniform spacing
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Advantages

Mean force:

The fluid velocity on the body is not necessary. Thus
the results are very accurate and not as much sensitive
to the discretization.

All components of mean drift force can be evaluated for
the bodies with thin elements in principle.

Quadratic force:
For fixed body, integration of the pressure is not
required at all for the quadratic forces

No quadratic terms of the velocity.



Disadvantages

The control surfaces is required. It can be simple when free
surface is not included, however, such as the submerged
bodies or when surge, sway and yaw are only of interest
for the surface piercing bodies.

Additional computational time in Force module for large
number of field points.



Thus far Dx, Dy, Dz and Mz are correctly
evaluated

Bottom mounted structures are not

considered which needs a control line on the
bottom



Effect of tanks
or springs on mean drift forces

by J. N. Newman

October 2005



OUTLINE

Last year results were shown for the effect of
tanks on drift forces, with substantial reduction of

t

ne drift forces In some cases

These results were surprising to us and others

"his effect is apparently due to the (negative)

added mass of the fluid in the tanks

Similar results can be found for a vessel with
linear-stiffness (' spring’) mooring constraints



Spheroid with four tanks




Mean drift forces
(solid=momentum, dashed=pressure)
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Generic FPSO (GEOMXACT) 300x50x15m
Tanks 40x40x15m, 3m above hull
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RAQ’s and drift forces in head/beam waves

Surge (head seas)
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Inviscid linear theory

e From momentum conservation, there IS no
mean horizontal force on the tanks

* The only effect of the tanks on the vessel's
drift force is via the 15t order motions

* The only effect of the tanks on the 1%t
order motions of the vessel is from the
added mass (and hydrostatic restoring
forces) of the tanks



Spheroid with 3 tanks

(See Appendix for more details)
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Spheroid — Added Mass Coefficients
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Spheroid with spring restraint in sway mode
(no tanks)
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FPSO with springs in beam seas

(See Appendix for more details)
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Conclusions

Only effect on vessel’'s motions is from added mass
of tanks (and hydrostatics)

Drift force reduced by tanks, in regions where the
tank added mass Is negative

This Is equivalent to a positive stiffness mooring
restraint, which is more effective over a broad band
of wave periods

For elongated vessels this effect is only substantial
for the sway drift force in beam seas



Notes on the computation with
an artificial lid for the analysis of
two-bodies interaction




= Newman devised a method to absorb resonant
energy by placing a flexible lid on the free surface
Inside the gap (2003 WAMIT meeting and OMAE
2004)

Rigid body modes of ships
+

Flexible lid in-between

Applied damping force to
Flexible modes of the lid
using external damping
matrix in FRC




The same procedure is followed with a difference
geometry.

Input files are included in the report which may be used
for other geometry with minor modifications.

With the lid, the wave exciting forces should be
evaluated using fixed mode option and added mass and
damping coefficient by an additional post-processing.



Complete radiation/diffraction solution is the sum of
a) radiation/diffraction solution with fixed lid and
b) all radiation solutions for generalized modes of the lid

RAO, fluid pressure and velocity on the body and at the field points
and mean drift forces Include a) and b)

Added mass, damping coefficient and wave exciting force,
In .2 or .3, includes a) only



Wave exciting forces can be evaluated using fixed body
option in optn.4

IRAD=1 in POT

IOPTN(4) < 0in FRC

Set MODE=0 for all modes of structures

Set MODE=1 for all generalized modes of lid



Evaluate lid amplitude due to the body motion j from

[~w? Aug +iw(Bry + BE) + Ciilée = P Ay — iwBy (1)

or from the normalized equation

(KA, +iK(Br + Bf},) + Cirl¢e = KA —iKBy (2)

Here K = w?/g. As and Bs are added masses and damping coefficients output in optn.1. Bfk is the
damping forces in FRC normalized by pw.

Crx = // LiLydzdy (3)
lid

The complete added mass and damping coefficient in ¢ mode due to j mode are then evaluated from

Afy —iBf; = Ay —iBij + ) (Gu(Aix —iBiy) (4)
k
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Three existing subroutines of WAMIT are used

GAPLID is used for lid geometry. Non-uniform spacing in
the longitudinal direction as Chebyshev polynomials
used as generalized modes of the lid motion.

GAP_FS describes the product of Chebyshev polynomial
and Fourier Series.

BARGENUC is used for barge. Non-uniform spacing
only near the corner.
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B=0
A22 B22 A33 B33 Ab5 B55
6.0 -1.1ed 1.7e4 2.3e5 1.6e3 3.3e8 1.8e6
7.8 -4.5e4  9.3e4 2.0e5 1.2e4 3.0e8 1.3e7
8.6 -1.4e5 4.3e4 1.7e¢5 1.3e4 1.9e8 2.1e8

B=4E5

6.0 -1.1IE4 2.0E4 2.3E5 21E3 3.3E8 2.6E6
7.8 -0.3E4  6.4E4 2.0E5 1.2E4 3.0E8 1.9E7
8.6 -1.4E5 6.6E4 1.7E5 19E4 2.8E8 1.1E8

A35
9.3e0
3.4e0
6.8e0

1.2E1
2.9E0
-2.6E-01

B35
7.7€0
-9.8e0
2.0el

5.0E0
-6.2E0
3.8E1

Table 1: Added mass and damping coefficient calculated with and without lid damping



It Is showed that all conventional outputs of
WAMIT can be evaluated with the lid presence

Both diffraction solution and hydrodynamic
coefficients are affected by the damping on the
lid.



Summing linear and 2"d-order wave
elevations

Using utility program FS_ELV



The linear incident wave is determined by specifying the complex wave
amplitudes for all frequencies and headings under consideration.

By definition (in WAMIT), the crest of unit amplitude incident wave is
above x=0 (the origin of the global coordinates system) at t=0. The phase
of the complex amplitude is relative to this reference point and time.

NP=number of frequencies
NB=number of wave headings

Np
Real ZZ ¢ (wis Br)]

—  Real fj Z A(wi, B)CH(wi, Be)

¢7(x,t)

NP
— Real Z Z A(w;, By ) et wit—Kux)]




Total wave elevation up to the 2"d-order is obtained by the sum of linear
and sum-frequency and difference frequency components.

Linear : .6
Sum frequency : .15s
Difference frequency : .15d

((x,t) = ((x, t)+€' (x,t) +¢ (x,1)
— Real ZZC (x, w;, Br)e™@it
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.6 contains normal linear pressure for all field points (including the
submerged points). For field points on z=0, the output also represents the

normalized linear wave elevation.

.15s and .15d contains the normalized wave elevation only for the points on
the free surface. (The values of the normalized 2"d-order pressures differ
from the wave elevations and they are output in .14s and .14d)

Cl(XJ wlaﬁk) — A(wi76k>§1(x7 w’wﬁk) B
¢ (%, wi, Wy, B, Br) = (Alwi, Br) Alwy, 61) /L) (%, wi, wj, B, B)
C_<X7 wiywjaﬁlmﬁl) — (A(whﬁk)A*(wj)Bl)/L>C_<Xawiawj76kaﬁl)

§+(X7wi7wjaﬁkaﬂl) — 5+(X7 wja“%aﬂkaﬁl)
and
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WAMIT outputs a half of the full QTF if IXSUM=2 or IXDIF=2. These are
sufficient because of the symmetry relation. However complete combinations of i
and j may be input to WAMIT (IXSUM=1 or IXDIF=1) but the frequencies i
Is always assumed greater or equal to j for the difference frequency output.
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FS_ELV is an utility program combining the linear and 2"d-order wave elevation
output from WAMIT and producing dimensional wave elevations for specified

Incident wave field
A) Required WAMIT output files:
a) .6, .15s and.15d
b) .fpt: to find the field points on the free surface
B) An additional input file to FS_ELV
out.FEI
C) Output files from FS_ELV

out.FEO, out FEO.DAT



Input parameters in .FEI

NUMHDR

ULEN

NT

T1, DT

NF

IF(1),IF(2),...,IF(NF) (do not specify when NF < 0)
NP

IP(1),IP(2),...,IP(NP) (do not specify when NF < 0)
NB

IB(1),I1B(2),...,IB(NB) (do not specify when NF < 0)
ABSA(1,1),ABSA(2,1),...,ABSA(NB,1)
ABSA(2,1),...

ABSA(1,NP),ABSA(2,NP),..., ABSA(NB,NP)
PHSA(1,1),PHSA(2,1),...,PHSA(NB, 1)
PHSA(2,1),...

PHSA(1,NP),PHSA(2,NP),..., PHSA(NB,NP)



Output quantities in .FEO

IF(1)
T1 ELV(T1) ELVA(T1) ELVS(T1) ELVD(T1)
T2 ELV(T2) ELV1(T2) ELVS(T2) ELVD(T2)

Ti ELV(Ti) ELVA(Ti) ELVS(Ti) ELVD(Ti)

TN ELV(TN) ELVI(TN) ELVS(TN) ELVD(TN)
IF(2)

An additional output _FEO.DAT for x-y plots



Computational note:

In principle, when .14s, 14d, 15s or 15d are computed the partition
radius (and intermediate partition radius) should be move further
out as much as the distance to the field point from the body surface

2"d-order incident wave is computed in WAMIT and input wave
amplitude should have linear component only



t=0 t=0.5

5 second wave (about 40m length) in infinite depth. Cylinder diameter
IS 16.8m and 35m draft. Wave amplitude is 3m
Wave direction toward negative x-axis.



t=1

t=2




=2




Animation using Tecplot.

Apparently the 2nd-order effects are from locked waves

The 2nd-order effects are conspicuous toward lee-side
Combined with linear waves, the surface becomes steep

1) along the side of the cylinder as the crest passes
i) atthe lee side

Note:

Data in FEO must be rearranged to make 3D view in Tecplot (or using other program)
_FEO.dat can be used for 2D view (variation in time for each field point) in Tecplot

Field points, 2048 total inside R=24m, in FRC are arranged with an order for easy

conversion of the output to Tecplot format. (Points from the centroids of the free
surface panels in FDF are used.)
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NON-LINEAR WAVE INTERACTION
WITH A SQUARE CYLINDER

B. MoLin!, E. Jamoist?, C.H. LEg® & J.N. NEwWmMAN?

1 Ecole généraliste d’ingénieurs de Marseille, 13 451 Marseille cedex 20
2 Saipem SA, 78 884 Saint-Quentin Yvelines cedex, France
3 WAMIT Inc., 822 Boylston Street, Chestnut Hill, MA 02467-2504, USA
41 Bowditch Rd, Woods Hole, MA 02543, USA

1 Introduction

A companion paper offered at the workshop (Jamois et al., 2005a) describes the application of
a high-order Boussinesq model to oblique wave interaction with a vertical plate. This model,
under development at EGIM, is further described in Jamois et al. (2004, 2005b). It has proved
to properly reproduce the run-up effect, attributed to third-order interactions between the
incoming and reflected wave-fields (Molin et al., 2005).

Here we move one step backward and focus on second-order quantities, with the same aim of
validating the Boussinesq model against reference results. There have been numerous studies
dealing with second-order wave interaction with vertical circular cylinders (e.g. see Molin &
Marion, 1986; Eatock Taylor & Hung, 1987; Newman, 1996; Ferrant, Malenica & Molin, 1999).
However, in its present stage, the Boussinesq model can only handle (wall-sided) rectangular
geometries, as it is based on regular cartesian discretizations in the horizontal plane. So we
consider the parent case of a vertical cylinder with a square cross section, standing on the
sea-floor. The first and second-order diffraction problems are solved numerically with WAMIT,
convergence being assessed through successively finer discretizations. The Boussinesq model is
run with incoming regular waves of such low steepnesses that no (third-order) run-up effects
are observed. Fourier analysis of the time series yields fundamental and double frequency
components that are compared with the results from WAMIT.

2 Test cases

In dimensional form, the waterdepth h is taken equal to 1 m, while the square cylinder side d
is 2 m. WAMIT calculations have been made for two headings (0 and 45 degrees) and three
wave periods (2.30, 1.45 and 1.16 s), leading to kh = 1,2 and 3.

The Boussinesq model was run only at zero degree heading. Advantage was taken of the
symmetry to model only one half of the square cylinder, protruding from one of the side-walls.
The numerical domain has a width of 12 m and a length of 10 wavelengths, with the (half)
square starting 4 wavelengths from the wave generation zone. Of these the first two are used to
damp out reflected waves, meaning that they propagate freely only over two wavelengths. This
short distance was chosen in order to minimize nonlinear interactions between the incoming
and reflected wave systems. It might have the drawback that the second-order forcing at the
free surface is confined to a small domain.



3 First-order results

We consider the case kh = 3 with normal incidence. The Boussinesq model was run with a
wave steepness H/L equal to 0.002, leading to incoming waves of wavelengths L = 2.094 m. At
such a low wave steepness non-linear effects do not appear. The wavemaker region is relaxed
over a single wavelength in the direction of propagation. Input wave conditions are obtained
using the theoretical stream function solution given by Fenton (1988). A relaxation zone and
a sponge layer extending over two wavelengths allow respectively the damping of backward
reflected wave fields due to the structure and of outgoing waves. The discretization used for
this linear case, is Ay = L/20 = 0.1047 m, Az = 0.1043 m (the end of the structure should lie
half way between grid points) and At = 7'/20 = 0.058 s. Consequently, the half square cylinder
dimensions actually are 2.09 x 1 m. The simulation was run up to a stationary state. Figure
7?7 show the free surface elevations around the cylinder and the vertical pressure profile at
midpoint on the weather side computed by the Boussinesq model and by WAMIT. A very good
agreement is obtained between the two numerical models. Some weak discrepancies appear
in the vicinity of corner points. They might be linked to the local smoothing applied in the
Boussinesq model.

4 Second-order results

We focus on the second-order diffraction potential at the double frequency 2w. Figure 1 shows
WAMIT results (in the case kh = 3) obtained through different discretizations. It shows,
in non-dimensional form (2w |g0(Dz) (z,9,0)|d/(g A?)), the modulus of the second-order scattered
potential along the waterline, at the two headings of 0° (red) and 45° (blue). Two discretizations
were used, corresponding to, respectively, 6, 9, 12 and 15 higher-order panels over one half-side
of the cylinder. Similar densities have been used vertically. It can be observed that the two
finest discretizations lead to quasi identical values. At lower kh values convergence is obtained
more quickly.

The Boussinesq model was run at the same kh value of 3, for incoming wave steepnesses H/L
of 1, 2 and 3 %. The second-order potential at z = 0 was derived from the potential at the free
surface ®(z,y,n,t) by dividing it with 1 + w?n/g and extracting the double frequency compo-
nent through Fourier analysis. (At kh = 3 the second order incident potential is completely
negligible.)

Figure 7?7 shows the obtained modulus of <I>(Dz) on the weather side of the cylinder, compared
with the results from WAMIT. The Boussinesq model provides quite similar results when the
steepness varies, suggesting that the differences are actually of higher (fourth?) order. The
agreement between WAMIT and the Boussinesq model can only be qualified of ”fair”.

These results are very preliminary. Further investigations will be presented at the workshop.
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Figure 1: Second-order scattered potential along the waterline, as obtained by WAMIT. Red: heading
0°. Blue: heading 45°. Lines: 4840 and 4720 panels, respectively, on a quadrant of the body and
4720 the free surface inside of a circle of radius 2.4m. Dotted lines: 2730panels on the body and 2700
on the free surface. Gauss quadrature is applied with single precision accuracy for the interatation of
forcing on the annulus of inner and outer radii of 2.4m and 5.4m. Beyond outer circle, the far field
approximation is used.
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Wave effects on vessels with internal tanks

by J. N. Newman
<jnn@mit.edu>

(20th Workshop on Water Waves and Floating Bodies — Spitsbergen — 29 May - 1 June 2005)

The motions of fluid in internal tanks have important effects on the dynamic response of
vessels in waves, particularly during loading and unloading operations when the tanks are
partially filled. This topic is of special interest for LNG tankers and FPSO vessels. Coupled
tank /ship motions have been studied by Kim (2001) and Rognebakke & Faltinsen (2001, 2003),
with nonlinear analyses of the interior flow in the tanks, and by Molin et al (2002) and Malenica
et al (2003) with linear analyses. In these works the tank dynamics are analysed separately
from the exterior radiation and diffraction problems. The solution of the coupled equations of
motion follows by combining the hydrodynamic forces for the tanks with the vessel’s added-
mass, damping, and exciting forces. When the tank motions are linearized, their only effect on
the vessel’s motions is to modify the added mass.

Recently we have extended the panel code WAMIT to analyse coupled tank/ship motions,
following a unified approach where the interior wetted surfaces of the tanks are included as an
extension of the conventional computational domain defined by the exterior wetted surface of
the body. All of the tank and hull wetted surfaces form one large global boundary surface.
The principal modification is to impose the condition that the separate fluid domains are
independent. This is achieved trivially, by setting equal to zero all coefficients of the linear
system for the potential where the source and field points are in different fluid domains. This
is equivalent to forming separate linear equations for each domain, and concatenating these
into one global system in a block-diagonal manner. The exterior free-surface Green function is
used for each domain, with vertical shifts of the coordinates corresponding to the free-surface
elevation in each tank.

The principal advantage of this approach is that the exterior panel code can be extended
to include internal tanks with relatively few modifications. All of the usual hydrodynamic
parameters can be evaluated in a similar manner as for vessels without tanks, including the
added-mass and damping coefficients, exciting forces, RAO’s, and the mean second-order drift
forces and moments. Local values of the free-surface elevation, pressure and velocity can be
evaluated both inside and outside the tanks. The geometry of the tanks can be described in
the same manner as the exterior hull surface. Disadvantages include the larger size of the
linear system, which implies some loss of computational efficiency, and the need to re-run the
complete interior/exterior analysis in situations where only one or the other is changed, e.g.
when the tank depths are modified. Since the entire analysis is linearized, nonlinear sloshing
effects are not included.

It is not obvious that a conventional exterior panel code can be applied to an internal
problem. We have found the higher-order method to be robust in this respect, with B-spline
representation of the solution and accurate definitions of the geometry. The low-order panel
method also appears to work for tanks, although with somewhat slower convergence. Compu-
tations have been made for various vessels, including the barge model studied by Molin et al
(2002) where experimental and computational data are available for comparison. Some of these
results are shown by Newman (2004).



Results are presented here for the hemispheroid shown in Figure 1. This vessel has three
internal tanks, with the same depth of fluid in each tank. The tank lengths are the same, but
the widths and elevations are different. Figure 2 shows the first-order motions and drift force in
beam waves, for three relative densities of the tank fluid (p=0, 0.5, 1.0). The total displacement,
and waterline plane are fixed as the tank density is varied. The results with zero density are
equivalent to the conventional case without internal tanks. All results are normalized by the
exterior fluid density, gravity, wave amplitude, and a characteristic length scale of 1m, and
plotted vs. the nondimensional wavenumber Ka = w?a/g, where w is the radian frequency
and a=1m is the maximum radius of the spheroid. The vertical center of gravity is in the
waterplane, and the radii of gyration are k,=50cm, and k, = k,=3m.

Figure 3 shows the six principal added-mass coefficients, normalized by the mass of fluid
displaced by the hull. Since the added mass is the sum of the separate pressure forces on the
hull and tanks, the coefficients in Figure 3 are linear functions of the tank density.

Most of the added-mass coefficients are singular at the resonant periods of antisymmetric
sloshing modes. The surge resonance at Ka=1.184 is the same for all three tanks. In sway
there are two resonant frequencies (Ka=1.653, 2.427) due to the different widths. The first
singularity in yaw corresponds to the sway mode of the outer tanks (Ka=2.427); the second
smaller singularity is associated with the diagonal sloshing mode of the center tank (Ka=2.922).

At resonance the added-mass coefficients tend to +oo. This explains the rapid fluctuations
of the RAQO’s shown in Figure 2. The sway RAO approaches zero at the resonant frequencies,
where the added mass is infinite. At slightly higher frequencies, where the negative added mass
cancels the body mass, the RAO is large. Since the hull is axisymmetric there is no moment
from the external pressure, but the tanks induce roll motions when the density is nonzero.

For heave the tank fluid translates uniformly and the RAO is not affected. The frequency-
dependence of the tank component of the heave added mass is an interesting feature in Figure
3. The velocity potential in each tank is ¢ = (z; — 1/K), per unit heave velocity, where z; is the
local vertical coordinate above the tank free surface and the constant 1/K is required by the
free-surface condition. Thus, for a tank with volume V; and waterplane area .S;, the added mass
is pt(Vi — S¢/K). In the equations of motion the contribution from the term S;/K is canceled
by the hydrostatic restoring force.

The most surprising results are the sharp reductions in the sway drift force, which coincide
with the peak sway response. From momentum conservation the tanks only affect the horizontal
drift force indirectly, by modifying the motions of the hull. Since roll has no effect, the reduced
drift force is associated primarily with the sway RAO.
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Figure 1: Perspective view of the spheroidal hull. The length is 12m and the midship section is a semi-circle of
radius 1m. Each tank is 2m long, and 62.5cm deep. The tank widths are 120cm, 160cm, and 120cm. The free
surfaces are at z= 25cm, 12.5c¢cm, and 25c¢m above the exterior waterplane.

Figure 2: RAQO’s and drift force for the spheroidal hull in beam waves.
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Figure 3: Added-mass coefficients of the spheroidal hull. All coefficients are normalized by the displaced mass
and a length of 1m.



Note on the effect of sway spring restoring

by J. N. Newman
<jnn@mit.edu>

January 2, 2005

The following figures show the effects of an external spring restoring force applied to the
sway mode only, for the spheroid in beam seas and for the FPSO in beam seas and bow seas.
The drift force plots include the fixed case, where all motions are zero, shown by the dashed
lines.

The spheroid has maximum radius ¢ = 1m and a length of 12m. The FPSO has a length
of 300m, beam 50m, draft 15m. The characteristic length scale and density are equal to one.
Roll is in degrees per meter. VCG=0.0.

In beam seas an optimum spring constant k reduces the drift force, except for long waves.
It appears that this is primarily due to the phase shift of the sway motion. For example,
comparing the spheroid results at Ka=1.6, for k=0 and k=500, the sway RAQO’s have the same
magnitude but substantially different drift forces, and the phases differ by about 100 degrees.
Surprisingly, it seems that the reduced drift force occurs when the sway drift is out of phase
with the orbital motion of the incident wave.

In bow seas, where the sway amplitude is relatively small, the effect of the springs is negli-
gible.

There is a small irregularity in the spheroid drift force near Ka=4.5, probably due to irregular
frequency effects. IRR=0 is used for all of the present results.
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Figure 1: RAQ’s and drift force for the spheroidal hull in beam waves.
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Evaluation of quadratic forces using control surfaces

Chang-Ho Lee

October 10, 2005

1 Summary

The quadratic forces contribute to the excitation at low or high frequencies than those of incident waves
which may be important for the analysis of structures with certain resonance features. The forces can be
evaluated in principle by the integration of the quadratic pressure over the instantaneous wetted surface.
As a special case, the mean drift force can also be evaluted using momentum conservation principle. The
momentum conservation over entire fluid volume is advantageous in terms of accuracy and computational
efficiency. But only the horizontal forces and vertical moment on a single body can be obtained from this
approach and thus not applicable, for example, for multiple body interactions or bodies near the infinite
walls (WAMIT low order option has this capability). The pressure integrations have been applied for these
cases as well as for full quadratic force transfer functions.

The computational accuracy of the quadratic pressure forces is generally worse than that of the first order
forces and it requires significanly more refined descritization entailing increased computing time. This is
because of the evaluation of first order fluid velocity is, in general, less accurate than the pressure on the
body surface or in its proximity. When the body has sharp corners, the quadratic pressure near the corner
is singular, though integrable, and it renders the computational result significantly inaccurate. Nonuniform
discretization near the corner (Lee and Newman (1992)! in the low order method or nonuniform mapping
in the higher order method (Lee, Farina, and Newman,(1998)) 2 do produce more accurate results than
otherwise. However the convergence of the results is still very poor.

Ferreira and Lee (1994)% applied momentum conservation over finite volume surrounting the structures.
The force on the body is then evaluated by the momentum flux through the control surface enclosing
the body. The computational result is significantly more accurate by avoiding evaluation of the fluid
velocity on the body surface. Recently Chen (2005)* transformed the pressure integration over the body
surface into those both on the body and control surfaces in the evaluation of the quadratic forces. For
monochromatic waves, the difference frequency forces should be the same as Ferreira and Lee(1994). One
obvious advantage of this new expression is the fluid velocity is not required on the body surface for fixed
body for the bichromatic waves. It is also suggested, even for the moving body, that accuracy would
improve for low frequency forces.

In this note, we rederived these expressions for quadratice forces.

1Lee, C.-H. and Newman, J. N. ”Sensitivity of wave loads to the discretization of bodies” BOSS ’92, London.

2Lee C.-H., Farina L., and Newman J. N., ” A Geometry-Independent Higher-Order Panel Method and its Application to
WaveBody Interactions”, Engineering Mathematics and Applications Conference, Adelaide, 1998.

3Ferreira, M. D., and Lee, C.-H. ” Computation of second-order mean wave forces and moments in multibody interaction,”
BOSS 94, MIT

4Chen X.-B. ”Computation of low-frequency loads by the middle-field formulation’ 20th workshop for water waves and
floating bodies”, 2005



2 Quadratic forces

In WAMIT V6.2 User Manual (2005), the quadratic forces and moments take forms,

@

where

- 1
FO = Do [ alc-ziP-nd) b
2 WL

1 - _ _
_p//s A(5V6- Vo +E-Vo)ds +a x (FO 4+ FLM)
b

1 -
—PgAwp [04104333]" + a3y + 5(04? + a%)Zo]k

1 L — _1
500 [ (@ xiic - E)P—nd) bl
WL
1 S
—p// (7 x )(; V6 Vo + - Vo)ds
Sh
vax MY 4+ Ex (FY 1+ FY)
1
+pgl—Awp (&3 + 5(6)4? +a3)Zoyy) — 2c1a3L19 + asaz(Liy — Lao)
1 -
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+pg[—Awp(§3a3yf — 5(0&% + Oé%)ZOZEf) + 2a2a3L12 + OélOég(Lll — L22)

-

1
+V5 (03 + a3)z)]j

+pg[Aupés(arzs + azyr) + (o — a3)Lis + ayaz(Las — L)k

F}g” = —p// noeds
S

ﬁél) = —pgAwp(§3 + a1yf — O[Q.If)k

]\718) :—p//s (Z x M)peds
b

[Tk

:g+&X$ (53:§3+O[1y—012$)

(5)

¢ is the first order runup, A, is the waterplane area and V is the volume of the body. In addition (zy, yy)

are the coordinates of the center of flotation, (xy,yp, 2p) are the coordinates of the center of buoyancy,

(Z, j', k) are positive unit vectors relative to the z,y,z coordinates, and L;; = [ x;x;ds denotes the
wp

moments of the waterplane area.



In equations (1) and (2), the contributions from the quadratic of Z3 in the waterline integral are purely
hydrostatic® and they are added, along with the contributions from Fs, with other hydrostatic forces and

moments (See Appendix A) to have

N 1 . _
FO = Sog [ (e -2zl
WL
1 = —
_p//s ﬁ(§V¢>~V¢+E~V¢t)ds+&><Fg)
b

+FY)

- 1 4 = =
WO = g [ @xit)(¢ - 2z
WL
1 —
_p// (% x 7)(5Ve- Vo +E - Vo)ds
S
+&xﬂ7[g)+gXﬁél)

+Mm

F§2) and M §2) are given in Appendix A.

In the above equations, we focus on two terms containing fluid velocity

1 .
I——p//Sbﬁ(§V¢V¢+EV¢t)ds

and
J= fp//s (@ x ﬁ)(%w.vmé.wt)ds )

and as shown in Appendix B, these terms are tranformed into integrals including the control surfaces to

have the results

s _ L 24l — =R
F ZPQ/WL”C dl pg/WL[C( iM')]kdl
dp 1
o[ Iveg - 5ive-voas
+ FY
o[ [ el )+ @ AT (10)
72 _ l S SN2 g SN (E x
M 2pg/WL(:c><n) dl pg/WLC( ) (& x k)dl

5In the subsequent derivation, we ignore the vertical components of the waterline integral assuming that the body is

wallsided
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The first waterline integral can be transferred to the integrals over the free surface and boundary of control
surface on the free surface as shown in Appendix C

—

M@

F® = —13 / H’¢>tdl / [C(E - #)]kdl

o] 16 V)G 10) + (2-7)(& x Vo)ds (13)

In the presence of bichromatic waves, one of 4 force components is considered. Denoting the frequency
components as subscripts ¢ and j and sum and difference frequencies as superscripts + and —, we have

REE
4F;

4P e / W' gipdl + p /WL[(iwiqﬁi)(ch 1) + (iw; 7 ) (2 - i) kdl
/ / Wn— £ (o, ok s
of [ (V7605 + 6500 = T 6 V0 = 0.0
f

po / V' 6E + $EV by

Fét



- ip(wi:twj)/ . V¢i(E] -it) + V¢, (Ei - ii)ds (14)

- p L , it . o s
4M$ = :I:;wiwj /CL(:c X 1 )(bl(bfdl + p/WL[(zwi(bi)(:Ji 1) + (:I:zwj(bj.t)(:i )| (yt — xg)dl
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S

by [ ax@vior+ar s
S

+ ME
— ip(wi £wj) // Zx [Vi(EF - 1) + V(bjE(El -11)]ds (15)
S

The normalized forms of (14 -15) to be implemented in WAMIT are
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+ ME
Lo 0F et o
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S Wy (.(Jj

where k; and k; are normalized infinite depth wave numbers and QF = (w; £+ w;).



3 Appendix A

Using n’ = n(1 —n2)~% as two dimensional unit normal vector on Z=0, the hydrostatic terms of the

waterline integral are

1
FWS = —pg/ ﬁ/Egdl
2 WL
1
Mys = g [ @x i)l (18)
2 WL

Define a vector V = (0,0, Z3). Since V - i1’ = 0, we have

1 - 1 o
Fyws = —pg/ ﬁ/Vg—(V~ﬁ/)kdl:——pg/ tx Vdl
2 WL 2 WL
1 “ 1 o
Mg = _pg/ fx[Vgﬁ’—(V-n)k]dl:——pg/ #x ([x V)dl (19)
2 WL 2 WL

The application of Stokes theorem as shown in equations (31) and (40) over waterplane area leads to

FWS = —a X FS (20)

Mws = pgzuwpAwpar(€s +oryy — agxf)%

+ pgzwpAuwpa(§3 + 1y — anxy)]
= pglAwpés(anzy + cayy) + (oF — a3)Lia + araa (Lo — Liy)k (21)

where z,,;, the body coordinate of the free surface and is equat to —Z,. Z, is the global vertical coordinate
of the origin of the body coordinates system and is equal to XBODY (3) in WAMIT.

Adding { x F él), we have the quadratic hydrostatic force and moments as follows.

1 -
P& = —pgAuplonases + asasys + 5(of + 03) Z,Jk (22)
1
M = pg{[~Auwp(&sases + 5(0% +a3) Zoys) — 20nasLas + azas(Lin — L)

V(o agzy — %(o/f’ +a3)y)]

[~ Awpe1 Zo(&s + arys — asirp) — Aupéa(s + aryy — anag)]}i
Ppg{[—Awp(E303ys — %(O@ + 03) Zox§) + 202a3L15 + cyas(Liy — Lao)
¥3(03 + o))

[~ AwpaaZo(&s + anyy — anxy) + Aupéi (&3 + anyy — azy)]}j (23)



4 Appendix B

We want to show two vector relations

//SC (V- Vo)ds _/ . v%i (24)

%//Sc(fxﬁ)(V¢~V¢)ds_//SC(:E><V(b)g—:ids (25)

where [/, s 18 a surface enclosing a volume of fluid, V..

and

To show (24), we apply Green’s theorem to 2_05 and ¢ in V' to have

//SC —wds // —v ¢+V(g¢) Vodo
/// V(22) . Vv
= /// 5 (Vo Vo) (26)

0 0
¢ and —¢ and expressing them as a vector

8y 0z

/ [ ot o - 5[/ [ (90 voan
_ %//SC A(Vé- V)ds (27)

Here Gauss theorem (cf. Arfken eq 1.102) is invoked to convert the volume integral into the surface
integral.

We have two additional relations by replacing g(b ith
x

relation,

Similarly for (25), we apply Greens theorem to Z x V¢ and ¢. For convenience we use a compact expression
where three relations, each one of them correspoding to one of three component of & x V¢ (or (¥ x V))
into a single vector form.

[ @xvorit-vos = [[[ @x 5070+ v o). voiy
_ // V(7 x V) - Vodu
o/
_ 5///‘/[(:E><V)(V¢-V¢)+(VXf)(v¢'v¢)]dv
_ _%// [ v ((vo- voystan

- Y[ Gxmwe veyas (28)
/1.



where a variant of Gauss theorem is used in the last step (cf. Arfken 1.103).

We take the surface S¢ as a union of a control surface S, in the fluid domain which surrounds the body
and intersects the free surface, the body surface itself S, and the free surface between the control and body
surfaces, Sy. The latter may not necessary, if the body is completely submerged. Then from the relations

(24) and (25) and the fact dZ/dt - 7 = d¢/On on S,, we have

1 1
5/ S, (Ve - V)ds :/ . V(b — - i)ds + //CH (b—n - §ﬁ(V¢-V¢)]ds (29)

%//Sb(fxm(W'W)dS—//Sb(fo)(fl—f-ﬁ)dH//&H [(fxvaé)%—%(fxﬁ)(w.w)]ds (30)

Next we transform the second terms of the integrals I and J. First we consider an integral

/Lyﬂ

[T

_ //Sb[(ﬁxv)><¢tE]ds+//Sb[¢t(ﬁ><V)xE]ds

- 7/ (f'x ¢tE)dl—a></ Pyiids (31)
WL Sh

We invoked Stoke’s theorem to have the first term on the last line and used (7 x V) x E =7 x & for the
second term. Here t = (t5,1,,0) is tangential vector along the waterline. When the normal vector on the
body points into the body as in WAMIT, the positive ¢ points counter-clockwise direction viewed from

above. Denoting the normal vector on the waterline as 7’ = (nj,n;,0), we have t, = n; and t, = —n,

(n" = n for wall-sided bodies only. Otherwise (n},,n;) = (nz,ny)//n% +n2).

[1ly

[ o= [ alEn - E iR =g [ @i - E iR (32)
WL WL

We now consider the second term of J integral.
// [(Z x )2 V) — (Fx V) (E-@i)|ds = // X [EX (T x Vy)]ds
Sb Sb
= —// X [(Mx V) x §E — ¢ (7 x V) x Z]ds(33)
S

We apply the following relation to the first term of the right hand side integral of equation (33) (see
Hildebrand Chapter 6 equations (74d) and (74e) and replace V, v and v with Z, @ x V and qﬁté),

Zx [((T x V) xqbté)—qﬁt(ﬁxV) x 2 = (ﬁxV)(fwbtu) (btu (M x V) x )
+ (X V) x (X GZE) —2¢E- (T x V))Z
— H({@x V) D) + 6B x V) - 7)

— EX[p(i x V) x E] (34)

[Ih m



In equation (34), we find

—pE X (T x V) X T) = 20,E x i (35)

and
—2ApE - (A X V)T =202 x 7 (36)

cancel each other. Also we find

HEFXV)-T) =0 (37)

and

~F(AXV) - $Z) = —(AxV) TZHE+ (7 x V)] - ¢,E

= —(AxV)-ZHE+p=EX0 (38)

In the last equation a single vector relation in place of 3 separate ones for each components of Z is used.

Combining the last terms in the equations (34) and (38)

GEXT—ZX [pr(Tx V)X E] = (€ x )+ ¢u|(@ x T) x 71 — T x (7T x @)]

= Q€ X 7) + ¢¢[d x (T x 7)] (39)

Using relations (35-39), (34) can be written

//S [(Z x 7)(2 - V) — (B-7)(F x Vy)|ds

= - //Sb”XV ¢t~d5—//5b xX¢t_ds+//Sbnxv - B¢ Sds
§X/Sb¢tds—&x//5b(fxﬁ)¢tds
= — /WL(f~¢t§)fdl—/Wfo (:E><¢t§)dl+/WLf(¢t§.f)dl
- gx/quﬁtds—&x//Sb(fxﬁ)(btds
= - /WLfX(fxaﬁté)dZ—Ex/Sb¢tds—ax//5b(fxﬁ)¢tds
= — g @x[E —(

[ Goxim - @ b Ex [ A @ds—&x//sb(fxﬁ)@ds (40)

The first three surface integrals on the right-hand side are converted to line interals by making use of
variants of Stoke’s theorem (cf Arfken 1.109,1.110, 1.111).

1ﬁ(v¢ Vo) +7i(E - Vy)ds = [Wﬁ(d—é ~11) + (
/], /1,

o ] ol daws-von

- g (lEsi"—(
wL

[y

[y
[1]

[\D|H

[y

-ﬁ/)/;]dz_ax/ byitds (41)
Sp



and thus

J [ 5@ xinme- Vo @x i E Vol = [ [ 1 Vo) G+ (E e x Voolds

- oo 1,
+ //SCH [(Z % V¢)8_n - 5(56 X 1) (Ve - V)ds

——g/ (T x [2gi — (2 - 7)k]dl
WL

-éx/&@@_&xﬁégxm@@ (42)

5 Appendix C

The first terms of equations (10) and (11)

1
Fy = —pg/ 7' ¢2dl
2 WL
1
My = ey [ @x ) (43)
2 WL

can be transfered to the integrals over free surface and the intersection of the free surface and control
surface as shown below. We denote the force on the intersection of the control surfaces as

1 1
Fo = —pg/ 7 C2dl = —3/ 7 p2dl
2 CL 29 CL
1
Mo = e [ @xaica=gE [ @itotal (44)
277 Jer 2g
Define a vector V = (0,0, (3). Since V - 7i’ = 0, we have
1 - 1 o
Fwic = —pg/ Vs — (Vi kdl = ——pg/ t x Vdl
27" Jwrtor 27 Jwryor
1 - 1 o
Mwic = —pg/ Zx [Vai' — (V- n)k]dl = ——pg/ Zx (txV)dl (45)
27" Jwrtcr 277 JwrtcL

Again Stoke’s theorem is applied as in equations (31) and (40). Here, however, in order to let the free
surface be on the left side of the trace following ¢, the normal vector on the free surface should be pointing
downward and thus

Fw = -F 2k)ds = —F, V'¢d
W C+2P9//Sj X (C°k)ds c+P9/ ¢V'(ds
= —Fc-l-g/ V' prds (46)
g Sf
My = —Mc+2pg//sj )ds + pg//sj X (& x (C2h))ds
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Summing linear and 2nd-order wave elevations using FS_ELV

C-H Lee
October 7, 2005

Assuming a discrete spectrum, the linear incident wave elevation in the time domain, (} (note that
it is in boldface), can be expressed as a sum of frequency domain components ¢} as follows.

Np Np
Cr(x,t) = Reall) Y (ilwi, Br)]
N Np
Reall) " " A(wi, B)(t (wi, Br)]
i k

Np Npg

Real > A(wi, Bp)e! @it K] (1)
i k

Here Np is the number of frequencies (or periods) and Np is the number of wave headings. w;
denotes wave frequency. Ky = (k cos O, k sin ;) denotes wave-number vector where () is the wave
heading angle (the direction of the wave with respect to the positive x-axis). k(kappa) is the finite
depth wave number (this should be distinguished from the subscript k to 8 which is wave heading
index), satisfying the dispersion relation (equation (2.4), WAMIT Theory Manual). x = (z,y,0)
is the coordinates of the field point on the free surface. C_} (ws, Br) represents the unit amplitude
sinusoidal wave and A(w;, fx) is the amplitude of that wave.

In the presence of the bodies, the total linear wave elevation includes the component due to scattering
wave field in addition to the incident wave (1). Let the total linear wave elevation in the time domain
be denoted by ¢ ! and those due to second-order wave fields at sum- and difference-frequency by (Jr
and (", respectively. The total wave elevation, up to the second-order, is a sum of these components
in the following form.

C(x,t) = (1(x,€\)[+1\§+(x,t)+(*(x,t)
= Real[ZZCl(x,wi,ﬁk)emit

i=1 k=1
Np Np Np Np

+ ZZZZ<+(X,Wi,Wj,6k,6l)e’i(w'i+w]‘)t

i=1 j=1k=1I=1
Np Np NB NB

+ SN xwiwg B A (2)

i=1j=1k=11=1

CY(x,w;s, Bk ) represents the linear wave elevation in the frequency domain, in the presence of an inci-
dent wave of frequency w;, wave heading 3), and amplitude A(w;, Bx). ¢ (x,w;,wj, Bk, Bi) represent



the sum and difference frequency wave elevation in the frequency domian in the presence of two
linear incident waves: one with frequency w;, wave heading 8 and amplitude A(w;, B;) and the
other with frequency w;, wave heading 5 and amplitude A(w;, ).

The wave elevations, (1, ¢T and (™ are related to the corresponding WAMIT’s normalized wave
elevations, (1, ¢t and (~, as follows.

Cl(xa Wi, 6]6) = A(w’u 6’6)51 (Xa Wi, 6]6)
c+(xawiawjaﬁkaﬁl) = (A(w’uﬁk) (wjaﬁl)/L) (X w’iawjaﬁkaﬁl)
Ci(xawiawjaﬁkaﬁl) = (A(w’uﬁk) (wjaﬁl)/L) (Xawiawjaﬁkaﬁl) (3)

L is the character length specified and is the same as ULEN in GDF file. A* denotes the complex
conjugate of A.

¢*, on the right-hand side of of (3), have the following symmetry property with respect to two wave
frequencies (see equation (3.7), WAMIT Theory Manual).

E+(Xawiawjaﬁkaﬁl) = E+(Xijawiaﬁkaﬁl)

and

C_i(xawiawjaﬁkaﬁl) = Ei*(xawjawiaﬁkaﬁl) (4)

Using the symmetry relation, a half of the off-diagonal terms can be removed in double summation
over frequency index in (2). Also using the normalization convention in (ref eq:normal), {can be
evaluated from the following expression.

Np Ngp
COct) = Really D Afwis A)C (x, i Br)e™
Np N;:}V];:1

+Y DY (A B) /D) (x,wi wi, B, Br)e! )

i=1 k=11=1
Np’L lNBNB

+ 22222 w“ﬁk wj’61)/L)E+(Xawi’wj’6k’6l)ei(wi+Wj)t

1=1 j=1 k=1 [=1
Np Np Np

+ Z Z Z(|A(Wia Bi)? /L) (x, wi, wi, B, Br)

i=1 k=1 [=1
Np 7—1 NB NB

N 22222 w“ﬁk wﬂ’ﬁl)/L) (Xawi’wj’6k,6l)€i(wiiwj)t] (5)

1=1 j=1 k=1 [=1
It is assumed that w; — w; > 0 without loss of generality in the above equation.

In general, A(w;, Bx) is complex quantity and it is convenient to specify it in the form of |A; j|e*F*
where |4; x| is the modulus and P, is the phase angle. As an example, if the incident wave

component has its crest at x =0 when ¢ =0, P; ;, = 0.



FS_ELV

The program FS_ELV computes the wave elevation in the time domain based on the equation 5.
The normalized linear wave elevations (ie. due to unit amplitude of the incident waves) ¢! is read
from numeric output fre.6 files and normalized second-order wave elevation (* is read from fre.15s
and fre.15d.

In addition to these files, frc.fpt file should be available as an input to FS_ELV. fre.fpt is a standard
WAMIT output file and contains the coordinates of the field points. (Note 1: .6 contains normalized
linear hydrodynamic pressure for all field points specified in .fpt (and .frc) file. The normalized linear
pressure has the same numerical value as the normalized linear wave elevation when the points are
on the free surface (ie z=0 in global coordinates system). On the other hand, .15s and .15d contain
the 2nd-order wave elevation only for the field points on the free surface only. The linear wave
elevations are read only for the free surface points)

An additional input file with an extension ‘.FEI’ must be prepared. If the filename of .FEI file is
the same as that of WAMIT output file, i.e. frce. FEI, FS_ELV reads the input parameters from this
file. Otherwise FS_ELV prompts to enter a filename without the extension .FEI.

FS_ELV outputs wave elevations over specified time instances at specified free surface point(s). The
incident wave amplitudes for NP times N B components are also specified in .FEI. The default
output filename of FS_ELV is same as .FEI file. The extension of the output file is *.FEQO’ The
parameters in .FEI and the output in .FEO are explained next. (Program writes data in .FEO file
in Techplot output format to a file FEO.DAT. The only difference from .FEO is the lines for IF(i).
This is written as ZONE T=“IF(i)”, to group the elevation for each field point into a ZONE.)

Input parameters in .FEI:

NUMHDR

ULEN

NT

T1, DT

NF

IF(1),IF(2),...,IF(NF) (do not specify when NF j 0)
NP

IP(1),IP(2),...,IP(NP) (do not specify when NF  0)
NB

IB(1),IB(2),...,IB(NB) (do not specify when NF ; 0)
ABSA(1,1),ABSA(2,1),...,ABSA(NB,1)
ABSA(2,1),...

ABSA(1,NP),ABSA(2,NP),...,ABSA(NB,NP)

PHSA(1,1),PHSA(2,1),...,PHSA(NB,1)

PHSA(2,1),...

PHSA(1,NP),PHSA(2,NP),..., PHSA(NB,NP)

NUNHDR can be 0 or 1 and it should have the same value as that specified .cfg file. If NUMHDR=1,
WAMIT output files .fpt, .6, .15s and .15d have a header line.

ULEN characteristic length. It should have the same value as that specified .gdf file.

NT is number of time steps.

T1 is initial time.



DT is time inverval between time steps.

NF is the number of field points for which the wave elevations are output. NF should be less or
equal to the total number of field points on the free surface.

If NF < 0, IF array below should not be specified. The program outputs free surface elevation at
all points on the free surface among the field points specified in .fpt file.

IF is an integer array for the indices of free surface points. IF < NFIELD. The latter is specified in
FRC file. IF should not be specified, if NF < 0.

NP is number of periods to be included in the summation. NP < NPER. The latter is specified in
POT file.

If NP < 0, IP array below should not be specified. The program includes all wave periods in .6 file
for the evaluation of the free surface elevation.

IP is an integer array of dimension NP. It contains period indices. This should not be specified if
NP < 0.

NB is number of headings to be included in the summation. NB < NBETA. The latter is specified
in POT file.

If NB < 0, IB array below should not be specified. The program includes all wave headings in .6
file for the evaluation of the free surface elevation.

IB is an integer array of dimension NB. It contains heading indices. This should not be specified
if NB < 0.

ABSA is a real matrix of dimension NPxNB. It contains the modulus of the incident wave ampli-
tude.

PHSA is a real matrix of dimension NP xNB. It contains the phase angle, in degrees, of the incident
wave amplitude. Output quantities in .FEO:

IF(1)

TI  ELV(T1) ELVI(T1) ELVS(T1) ELVD(T1)
T2  ELV(T2) ELVI(T2) ELVS(T2) ELVD(T2)

Ti BIV(TY)  EIVI(TD)  BIVS(TD)  BIVD(TE) ypcoo o

TN  ELV(TN) ELVI(TN) ELVS(TN) ELVD(TN)
IF(2)

TN Time. TN=T1+(N-1).-DT

ELV Total wave elevation. ELV1, ELVS and ELVD are linear, sum and difference frequency com-
ponent of the wave elevation.

Note2: NFIELD, NPER and NBETA are estimated from .fpt and .6 files. FS_ELV reads .fpt and



finds total number of field points. It also finds the number of field points on the free surface and
their sequential index among all field points. It then reads .6 and finds NPER and NBETA. It reads
in linear pressure corresponding to selected points, periods, headings (specified by IF, IP and IB in

_FEI file).





