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Review

WAMIT V6.4S

(released)



1. Second-order analysis can be made for vessels with internal tanks
with free surfaces.

Full QTF with the effects of the internal tanks

Second-order fluid pressure and wave elevation at the field points
and on the tank walls

Note: A Higher-order method is significantly more effective near tank
resonance, as low order method is slowly convergence over significantly
wide range of period near resonance.



lllustrative example - quadratic force on a vessel with 4 tanks
(from previous results)
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Sway force QTF matrix in a beam sea
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2. Control surfaces option for the evaluation of the quadratic forces.

e Evaluation of the pressure proportional to the product of two fluid velocity
components is transferred to control surfaces. Accurate and efficient
evaluation of the forces especially for bodies with corners.

e Unlike mean drift force, evaluation of the pressure proportional to fluid
velocity remains on the body. This is term is small at difference frequency.



Truncated circular cylinder R=1, D=1 in bichromatic waves
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Truncated circular cylinder
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3. Various geometry definitions for free surface geometry
interior to a circle of radius RINNER and exterior to body
(including tank free surface)

ILOWHI=0 ILOWHI=1

1. Specify vertices of quarilateral 1. Specify the surface in B-splines

panels in the FDF input file.
2. Specify the geometry using a FORTRAN

2. Automatic discretization in WAMIT subroutine in FDEXACT.

3. Specify the name of MS2 models 3. Automatic description in WAMIT
In the FDF file. MulitSurf for WAMIT using ruled surfaces

interface provides vertices of quadrilateral

panels to WAMIT. (under development) 4. Specify the name of MS2 models

(under development))




4. In V6.1S, when ILOWHI=1, the second-order forcing terms
are evaluated on the centroids of flat panels approximating
the body and free surfaces.

In V6.4S, they are evaluated on the centroids of subdivided
areas on the exact body and free surfaces without geometric
approximation. (Convenient to compute the second-order
wave elevation close to waterlines.)



Linear and Second-order Wave Elevation
Experiment & calculation by Kagemoto et al. (IWWWFB, 2013 & 2014)

Wave Height=0.02 Point A
=0.01 Points B & C



Point A only Experiment & calculation by Kagemoto et al. (IWWWEFB, 2013)

Near 0.73, 0.8 and 1.12 seconds are of interest
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4 are assumed

1 and water depth

WAMIT Computation
Draft
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Kagemoto et al. (IWWWEFB, 2014) WAMIT Computation (period increment 0.01sec)
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Truncated. Draft=1 Depth=4

WAMIT Computation

(Period increment 0.02 sec)

Bottom-mounted. Depth=1
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Summary on WAMIT computation of the wave elevation
around an array of cylinders

Computation predicts the peak periods accurately.

Computed linear and second-order wave elevations are very close to the
measurement except for the second-order wave elevation corresponding
to the peak value at 0.73 seconds. This peak is narrowly banded.

Between truncated and bottom mount cylinders, the computational
results show no significant difference in both linear and second-order
wave elevations.

Further computation with exact water depth and the draft of the cylinder
in the experiment is planned.



V/70s Recent Progress

 Developed preliminary version
Current V70s based on V7.06 and V6.49s

ILOWHI=0 only

e Take advantage of large RAM in data storage

* Enable parallel processing with multiple processors
e 15t-order codes replaced by V7 subroutines

e 2"d_order code updated accordingly



2"d-order Data storage in RAM

Major data storage for a routine 2"9-order
computation
e Real part of influence coefficients
Qr2=4*NLHS2*QLHS*(1+ILOG)*NEQN*NEQN
e Real part of influence coefficients on free surface
Qf2=4*6*NGEO*(1+ILOG)*NEQN*NTFS
. Complex components
Qc2 =8*NLHS2*ISOR2*NEQN*NEQN
e Total RAM required
Qr2+Qf2+NCPU*Qc2



2nd-order Total Run time comparison
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Future Work

e Complete V70s coding using the newest V7
and V64s for low-order panel method
(ILOWHI=0)

 |Implement V70s for higher-order panel
method (ILOWHI=1)

e Update V70s test cases & users manual



WAMIT v7.0 Information

e Linux Available

— Site and lease licenses available
— MultiSurf for WAMIT available (.rg2 files)

e HTML Manual on website
e Distributed via .msi file (Windows)



WAMIT Interface Development

e |[nput-based interface for the development of
WAMIT input files

e Matlab driven
interface



WAMIT Interface Development

* Provide a GUI-based platform for the
development of input files

 Checks on inputs prior to WAMIT execution



WAMIT Interface Development Status

e 75% complete

— Single body
problems

— Generalized
modes

— QOutput options
e Todo
— Parameter
verification
— Multibody
problems

— Parsing existing
input files



Plans for V71

(tentative release date 1 Jan 2015)



NEW PARAMTERS/OPTIONS in the cfg file (default values zero, except for NPFORCE):

e |IDELFILES > O: skip interactive I/O and delete old p2f and/or OUT fileS
IDELFILES =1 delete old p2f file
=2 delete old p2f and out files
=3 delete old p2f and new p2f file
=4 delete old p2f and new p2f file and old out file

. IOUTFNAME =1,2,3,4 add unique serial numbers to filename in .out and other output files,
with 1,2,3 or 4 digits, e.g. if IOUTFNAME=2 and successive runs are made of test01 the out files will be
named test01-nn where nn=01 to 99.
This avoids the interactive I/O if an old out file exists and provides a sequential archive of all output files.
(No old out files are deleted.)

e |OUTLOG=1 copy wamitlog.txt file to new file out_log.txt (prevents loss of wamitlog.txt and provides an
achive of input files corresponding to the output files)

. IREADRAO=1,2 same as in V70
IREADRAO=3 read data from columns 4,5 instead of 6,7 and convert modulus/phase to Re,Im
in this case columns 6,7 are not required

e NPFORCE and NPNOFORCE are complementary (use one or the other but not both)
NPNOFORCE defines panels or patches where the force integrations are skipped
NPFORCE specifies panels or patches where the force integration is included, all others are skipped
This feature can be used for structural loads such as shear, as a simpler alternative
to using generalized modes



NEW OPTION IN POT FILE TO INPUT MULTIPLE GROUPS OF WAVE PERIODS:

*  Onthe line normally used to input NPER the following optional line can be input:
NPERGROUP =m

NPERGROUP is not case sensitive and m is an integer. This line is followed by m groups of periods.
Each group is input in one of the two formats explained in the user manual,

either with nper>0 specified periods or with nper<0 to specify |nper| uniformly spaced periods.

OTHER EXTENSIONS/MODIFICATIONS:

e NEWMODES: Data files replace data in subroutines FREEBEAM_X and JACOBI to permit more general use
(for bending modes of elastic structures)

WORK IN PROGRESS:

More efficient evaluation of field outputs (options 6p, 6vx, ...) when NFIELD is VERY large. Motivated by
applications where free surface animations are needed over large areas, particularly if NEQN is also large

Various bug fixes



Pressure surfaces.

A floating structure with an air cushion &
oscillating water columns



Overview

e  WAMIT V7 has an option to evaluate a radiation potential due to an oscillatory pressure over
a horizontal area, S;, a pressure surface, enclosed by an air chamber as in oscillating water
columns (OWC) or air cushion vehicles(ACV)

e S, may be on Z=0, the plane of the exterior free surface, or, Z <0 due to prescribed static
pressure, as in ACV (or a submerged air chamber with free surface, S;.)

 The oscillatory pressure in the chamber is driven by water waves and typically the air
pressure is uniform in the chamber

e  With uniform air pressure within a chamber, the number of additional modes is the same as
the number of S; (or number of air chambers). This is a simpler alternative to use of multiple
generalized modes, such as Fourier modes to represent the free surface elevation on S

e Varying pressure distribution due to acoustic waves in the chamber can be accounted for
using more than one mode in each chamber but is not considered here.

e For ACV, motion of the vessel due to trapped air is of interest. The air is treated as a source
of restoring force. For OWC, optimum extraction of power is of interest.



OWC
ACV



Definitions and conventions

In the presense of M, pressure chambers, the pressure distribution on Sy is represented by

6-+Mp
J

where j = 7 corresponds to the first of Sy and j = 8 the second and so on so forth. ny =1
on the first of Sy and 0 on Sy, the body surface and on other pressure surfaces.

The complete velocity potential is given by the sum of the diffraction potential and radi-
ation potentials. The latter consists of those corresponding to conventional 6 rigid body
modes and one radiation potential for each pressure surface

¥ = SOR+(70D7 (12)
6+ M,

Yr = ZWZ@'% + p = szgj% + 1w Z i ¥; (1.3)

7=1



From the linearized Bernoulli equation, the pressures on Sy are

pO(xayaz) — —z'pwgo(:z:,y,z) —ng(I,y,Z) (14)
where p is denisty of water, w wave frequency, ( wave elevation from the mean position.

As ¢, = iw(, it follows that

W
v, — Kp=——py on Sy (1.5)
Pg

where K = w?/g.

¢p and ¢, for 7 < 6, are subject to the homogeneous free surface condition on Sy. ¢;, for
7 = 7, is then subject to
p;j.— Kp;=n; on Sy (1.6)

and
;. =n; =0 on S (1.7)

where S, denotes the wetted body surface.

The radiation pressure forces, represented by the added-mass and damping coefficients are

1
i P Sb+an ¥j (1.8)

and the exciting forces are

X; = —iwp // n;@pdS (1.9)
Sb—|-5f



A structure with air cushions

A relation between the pressure and the volume in each chamber provides additional equa-
tions of motion. Total change of the air volume in k-th chamber is the sum of the change
caused by the wave elevation

dvy = —/ CnadS (1.10)
Sy

and the vertical body motion
d’UQ — /S (53 + £4y — §5$)n1d8 — ggsz + £4Sy1 - 65527@ (111)
f

where ¢« = k£ + 6, S;, Sz; and Sy; are the area and the first moments in x and y of Sy,
respectively, of the kth chamber.

For exampe, assuming adiabatic process, pv” = PV7 and small change of volume, we have
a relation

Po = —Y(P/V)dv = —Cpdv (1.12)

where P is the static pressure including the atmospheric pressure and V' is the mean air
volume. For air, v = 1.4.

From (1,1) and the definition of n;, p, in k-th chamber is
Po = —pg&i (1.13)

Combining (1.10), (1.11), (1.12) and (1.13), we can write the equation of motion derived
from the k-th chamber

Py
0= =& — 5 — Sy, Sx; idS 1.14
C6 5 = Syt Suigs + [ Cn (1.14)



Inserting the wave elevation in (1.4) to (1.14), along with the pressure in (1.13) and the
velocity potentials in (1.2) and (1.3), we have

6+M,
Z [_WQAij -+ Z'(.UB@'J»,' + C’L]]éj = X@ (115)
j=1
The hydrostatic coefficient C;; = 0 except when j = 3,4,5 and 7 and it can be shown Cj;
are symmetric. Nonzero hydrostatic coefficients are

Ciz = Cs; = pgS; (1.16)
Cia = Cy; = pgSy; (1.17)
Cis = Csi = —pgSw; (1.18)
2
Cii = —pgSi — (p9) (1.19)
Cp

In a simpler model, where dv = dv; 4+ dv, = 0 without considering the compressibility of
air, the first term of the right-hand side of (1.14) and the second term on the righ-hand
side of (1.19) vanish.



An example: a model used by Pinkster (BOSS, Delft, 1997) in an
experiment and computational analysis. Computation was also
made by Lee and Newman (VLFS Conf., 1999).

Length 2.5m, beam=0.78m and draft 0.15m
Wall thickness 0.02m at the ends and 0.06m at the sides

The air chamber extends from 0.05m below the exterior free surface
to 0.13m above with the volume V=0.292248 m3

Center of gravity is at (0,0,0.15). Pitch radius of gyration is 0.751.
Radius of gyration about (0,0,0) is 0.76583353. é,




After normalized by water density.

* Mass=0.13014

 Pitch moment of inertia = 0.07632722
e §5,=1.6236

 ((3,7)=C(7,3)=15.92208

e ((7,7) =-15.92208

Compressibility is not considered.
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Oscillating Water Columns

When the effect of the air turbine is considered by a linear relationship of the air flux and
the pressure

/s p-dS = Bo;po (1.20)
1
we have an equation of motion in the form
6+ M,
Z; [_WQAz'j + iw(Bz-j + ij) + ng]gj = XZ (121)
J:

by inserting the velocity potentials in (1.2) and (1.3) and the pressure in (1.13) to (1.20).
In (1.21), B = 0 and Cj; = 0 except

(PQ)QBOZ'
w2

Cii = —pgsS; (1.23)

BE = (1.22)



Summary

Two applications are discussed to illustrate the use of the pressure
mode. The equations of motion for the pressure modes are derived
to have appropriate constraints (external force matrices) for
particular applications.

For similar applications, a set of modes, such as Fourier modes ,had
to be used to represent the free surface. This procedure is
significantly simplified by replacing a set of modes with one
pressure mode for each uniform pressure surface.

Note: The computation is made using a WAMIT version under —
development.
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