I NSTI TUT FRANCAI S DU PETRCLE
Directi on de Recherche
"Exploitation en Mer"

76.20 CB/jn

30 exenpl aires

N deref. : 34 639

Et ude B4463017

Novenbre 1986

ALTERNATI VE METHODS FOR THE NUMERI CAL ANALYSI S CF
RESPONSE CF SEM SUBMERSI BLE PLATFORME | N WAVES

Communi cation presentee a 'QMAE
Houston, 1 au 6 mars 1987

C. BERHAULT et B. MALIN - Institut Francais du Petrole
J. BOUAS, P. GUEVEL, E. LANDEL et E. SORASIO - Principia R D.

ABSTRACT

The nunerical methods that may be used to predict the linear
responses of semsubnersible and tension leg platforns in waves are
reviewed and criticized. Sinple nmethods, such as the one proposed by Hooft
/1/, appear to be easy to inplenent and fast conputationally, but fail to
account for interaction and free-surface effects. Oh the other hand
three-di nmensional diffraction-radiation codes require fine meshes and are
expensive to run.

Two alternative methods are proposed here. The first one is only
approxi mate, but offers valuable inprovenents over the Hooft's method, at
a small increase in conputer cost. It is therefore well suited for the
stages of prelimnary design. The second one, based on the theory of
multipoles /7/, is an exact nethod, but allows for finer nmeshes than the

usual diffraction-radi ati on codes.
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ABSTRACT

The nunerical nethods that may be used to
predict the linear responses of sem subnersible and
tension leg platforns in waves are reviewed and
criticized. S nple nethods, such as the one proposed
by Hooft /1/, appear to be easy to inplenent and
fast conputationally, but fail to account for
interaction and free-surface effects. n the other
hand three-di nensi onal diffraction-radiation codes
require fine neshes and are expensive to run.

Two alternative nethods are proposed here. The
first one is only approxi mate, but offers valuable
inprovenents over the Hooft's nethod, at a snall
increase in conputer cost. It is therefore well
suited for the stages of prelimnary design. The
second one, based on the theory of nultipoles /7/,
is an exact nethod, but allows for finer neshes than
the usual diffraction-radiation codes.

I NTRCDUCTI ON

The design of sem subnersible and tension |eg
platfornms requires accurate and efficient nurerical
tools in order to mninmze their wave responses.
Golunns and pontoons dinensions nust be carefully
selected in order to achieve a proper cancellation
frequency and mnimze the vertical |oads over a
wi de range of wave frequencies. As the vertical
| oads acting upon the pontoons and at the bases of
the colums are, at large wave periods, 180 degrees
out of phase, snall errors on either conponent may
result in large errors for the gl obal |oads and | ead
to an inproper design of the hull.

In this paper we shall first review two
exi sting nmethods that are commonly used to conpute
the linear responses of sems and TLPs. Thr ough
sinple illustrative cases advantages and drawbacks
of both nethods wll be outlined, and sonme key
phenonena, such as free-surface and interaction
effects, will be investigated.

Then, in a second part, two new alternative
nethods will be proposed. The first one, which only
yields an approximate solution, is well suited to

prelimnary designs or paranetric studies. The
second one solves the exact problem and offers the
sane range of accur acy as the usual

three-di nensional diffraction-radiation codes, but
at a snaller conputational effort. Mreover it is
not restricted to sem-type geonetries.

I -THE "CQLASSI CAL" METHODS

A common characteristic of sems and TLPs is
their repetitive geonetries: vertical col urms
running through the free-surface, and deeply
subrer ged horizontal pontoons. Qoss di nensions of
the colums and of the pontoons are snmall as
conpared to their lengths, and as conpared to the
desi gn wave-| engt hs. Neverthel ess they are larger
or of the sane order as the wave anplitudes, so that
viscous effects can be neglected on a first
approxi mation. Another inportant point is that the
natural frequencies of their notion do not belong to
the range of the wave frequencies, so that no
resonant LINEAR response nmay oOccur, and the
knowt edge of danping (be it viscous or potential) is
not required to derive their RAQs (we insist that
this holds only for the linear response; resonant
nmotion may occur due to non-linear excitation, and
then danping plays a crucial role; but this is
beyond the scope of the present paper).

An old, but still wdely used, nethod that
allons the linear response of sems to be conputed
is the so-called "tboft's nethod'/1/. It consists
in splitting the hulls into elenentary, non
interacting elenents: pontoons and colums, and
conputing the hydrodynamc characteristics of each
el ement separately. They are then summed up to
derive the added-nmass matrix and the excitation
loads. Infinite fluid added nass coefficients are
used and the transverse loads are obtained in a



Morison's equation mnanner. A mnor difficulty
consists in evaluating the vertical loads acting on
the colums. The usual trick is to integrate the
dynami c pressure due to the incident wave field at
t he bases of the colums, or, better, at fictitious
bases slightly below Qher refinenents may easily
be i npl enented, for instance using Mac Cany - Fuchs
coefficients to derive the horizontal |oads upon the
col unms.

Because of its sinplicity conputer codes that
are based on the Hooft's nethod are easy and cheap
to run, and they are therefore well suited to the
stages of prelimnary designs. Sonme nai n dranwbacks
are that they yield no information on inportant
features such as the drift forces, or the wave
run-up under the deck. Last, as they are based on
an approxi mate theory, they may not be used for the
final stages of the design.

An alternative is to run three-di nensional
diffraction-radiation codes, which solve the exact
linear problem (ne should then expect the "exact"
solution to be obtained, however sone recent
conpari sons between different codes /2/ /3/ have
shown considerable scatters in the results, with the
sinple nodels based wupon the Hooft's nethod
providing better agreements with the experinental
data in sone cases.

The main and probably only reason for these
discrepancies is due to differences in the neshes
that were used to nodel the hulls. Because of the
intricate geonetry of the sems, a fine mesh is
required, and this leads to prohibitive conputer
cost. As global vertical loads result from the sum
of the loads upon the columm bases and upon the
pontoons (which are of opposite signs for |arge wave
periods) snall errors upon either conponent nay
result in large errors for the global | oads.
Therefore different neshes may yield quite different
resul ts.

To illustrate this point, let us consider the
ISIC tension leg platform case /3/, for which
calculations based upon two different meshes have
been perforned (Fgure 1). The neshes used for the
colums are the sanme in both cases, however the
meshes of the pontoons are different: in the first
case the cross section of the pontoons is described
with 4 elenents, in the second one 12 elenents are
used. Little differences may be observed for the
surge diffraction force (Fgure 2), however very
large ones are obtained for the heave diffraction
force, where the cancellation effect takes place
(Figure 3).

Onh the sane figure are shown the obtained
results when the Kelvin part of the Geen function
for the pontoons singularities is renoved. Hardly
any differences can be observed. This shows that,
because of their |arge submergence, the pontoons are
quite insensitive to the presence of the free
sur f ace.

As a further check cal culations were perforned
on one isolated pontoon, with different neshes
(Figure 4). The obtained results for the heave
added mass and for the heave diffraction force are

shown on Figures 5 and 6, and conpared to the val ues
obtained using the Hooft's nethod. As the nesh is
refined the obtained val ues becone very close. Qe
understands that in sone cases the Hooft's rmethod
may well perform better than the sophisticated
diffraction-radi ation codes, if the neshes are not
adequat e.

Before going on to the presentation of the new
net hods that are proposed here, it seens appropriate
to elaborate further on sone conplenentary tests
that illustrate the inportance of interaction
effects.

- col unn-pont oon interaction

In order to gain sone nore insight into the
validity of the Hooft's nethod, as far as splitting
the hull in non-interacting conponents, sone
nunerical tests were carried on sinple structures
consisting of one columm and two hal f-pontoons.  The
idea was to run a diffraction code on the colum
alone and on the two hal f-pontoons al one, and then
on the conplete structure, and check how far the
obt ai ned pressure di stributions on the two
sub-structures could conpare wth the pressure
distribution on the conplete structure. D fferent
configurations were considered: colum standing on
the two hal f-pontoons (sem), or pontoons running
into the colum (TLP. Sone difficulty occured in
the analysis, due to the fact that local pressures
are not quite representative of the loads (which
require surface integration), but a somewhat general
conclusion could be reached: that is the colum
"feels" the pontoons in only a snall nei ghbor hood
around their junction, whereas the pontoons "feel"
the colum at large distances from the junction
oviously this feature has to do with free-surface
effects: the columm  generates a diffraction
potential that attenuates slowy wth the horizontal
distance R (as 1/ ¥R), whereas the pontoons nodify
the flow only locally. An inportant conclusion is
that, close to the free surface, the flow depends
little on the presence of the pontoons, but nostly
on the colums distribution.

- col umn-col umm interaction

The ideal case of infinitely deep vertical
colums in a wave field has been considered by many
investigators /4 /5. A recent analysis, that can
easily be extended to an arbitrary nunber of
colums, has been proposed by Mic Iver and Evans
16/. By assunming that the waves diffracted by each
colum can locally be considered as plane waves when
they interact with another column, they reduce the
problemto a linear system involving as unknowns the
N*(N-1) conplex anplitudes of the equivalent plane
waves. Wen this system is solved an approxi nation
of the total flow can be constructed in the whole
fluid domain at little cost. As a further proof
that this flow is little altered close to the free
surface if the colums are truncated and if pontoons
are present, we present on Figure 7 the RAQ of
the free surface elevation at the center point of a
5 columms system with pontoons, as obtained from
experinmental results, with the values obtained from
Mac lver and Evans'theory. The agreenent appears to
be excel l ent.



How inportant is colum-colum interaction is
reflected by the fact that the RA Q of the free
surface elevation is quite different from1, even at
relatively large values of the wave period. Another
indication is given by experinmental values of the
drift force, which typically exhibits a peak at the
frequency corresponding to the sloshing node between
the colums (so that the wave length be equal to
twice the horizontal distance between the centers of
t he col umms).

11- NEWPRCPCSED METHODS

11-1 An approxi nat e net hod

This nethod is an inproved version of the
Hooft's method and results logically from the
previous renarks on interaction and free-surface
effects.

V¢ shall here only consider the diffraction
probl em eventhough the radiation problem can be
solved in a simlar way.

G ven the incident wave field (Ary wave), the
first step is to derive the associated diffraction
potential due to the columms only, assumed to be
infinitely deep. A this stage the theory proposed
by Mac lver and Evans is used.

The following step is to truncate the col ums
and introduce the pontoons. At this point two
different options are avail abl e: '

1. the first one is to calculate the loads at
t he bases of the columms and on the pontoons in just
the same way as in the Hboft's nethod, but where the
"incident" wave field includes the diffracted waves
due to the col ums;

2. the second one is to generate a nesh of the
pontoons and of the bottom parts of the colums
(FHgure 8, and use Rankine singularities to solve
the diffraction problem with the sane "incident"
wave field as in option 1. As Rankine singularities
do not depend on the wave frequency the matrix can
be built up once and for all prior to solving the
problem for a set of wave frequencies.

A theoretical difficulty inherent to this
method stens from the fact that the diffraction
potential due to the infinitely deep colums is
singular along their center lines and cannot be
readily applied on their bases once they are
truncat ed. In the nunerical nodels sone averaged
val ues are used, for which no theoreti cal
justification can be brought, and in this sense the
proposed nethod duly deserves the adjective
"appr oxi nat e" . However the practical justification
is obvious when one conpares the obtained results
with nunerical ones obtained by running a 3D
diffraction-radiation code (with a correct nesh).
This is shown on Figure 9 which is the sane as
Figure 3, but where the results obtained with this
new approximate nmethod are included, together with
the val ues given by the classical Hooft's nethod.

11-2 The net hod of mul tipol es

This is an exact nethod that again results
logically fromthe discussions carried in the first
par agr aph.

The basic idea is to distinguish within the
diffraction (or radiation) potential the Rankine

conponent and the Kel vin conponent . For intricate
geonetries the Rankine conponent varies very quickly
along the hull and therefore its determnation

requires a large nunber of facets. Onh the other
hand, if the body is deeply subnerged, the Kelvin
conponent is much less sensitive to snall variations
of the geometry, and it nmay be obtained in an
alternative way. ’

The proposed nmethod nmay be sinply illustrated
by considering the case of a conpletely subnerged
structure. It is briefly outlined bel ow but further

details may be obtained in /7/.

The first step is to solve the diffraction
problem by using a distribution of Ranki ne
singul arities. A diffraction potential ‘-! is
obtained that satisfies the boundary conditi'ons on
the body but not on the free surface.

The second step is to look for an equival ent
representation of this potential through Rankine
multipoles located at the center of the subnerged
body. Henentary nultipoles are space derivatives
of the elenentary source singul arity:

,3 - e
Meu, = - 3 sxripas &

he nmay show that for those two potentials to
be equal in the fluid donain it suffices that they
be equal on a sphere surrounding the body. Thr ough
least-square fit the equivalent densities of the
Rankine multipoles are determined (the infinite
series of multipoles being truncated at sone order).
It is then easy to add up to the Rankine multi pol es
their Kelvin counterparts, to produce a potential
that satisfies the free surface condition but
unfortunately not the body condition anynore.

However it is possible to generate an iterative
process by going back to the first step, where the
right-hand side of the body boundary condition is
corrected by the quantity ¥/ 0 , where Quq
is the Kelvin part of the multipoles, and going
through the same operations again and again until
convergence is achieved, to sone specified accuracy.
Some nunerical tests carried out with this nethod
have shown that it is 10 to 20 tines faster than the
traditionnal diffraction theory /7/.

In the <case of a structure such as a
senm -subnersi ble platform the technique consists of
marrying, on the one side Rankine singularities and
mul ti poles for the pontoons and the bottom parts of
the colums, and on the other side usual Kelvin
singularities for the upper parts of the colums.
For instance, in the case of the ISSC tension |eg
platforma 48 panels mesh was perf ornmed. O these
only 20% carried regular Kelvin singul arities,



whereas the remmi ning 8% carri ed Ranki ne ones and
were conbined with 8 series of nultipoles located at
the centers of the pontoons and inside the col ums.
The obtained results agree perfectly with those
given by the reference diffraction-radiation code
for the sane nesh.

DI SaUSSI CN

The two new proposed nethods have been tested
upon a variety of cases, and their results conpared
with those given by the Hooft's nethod and by a
diffraction radiati on code. For instance Fi gure 10
shows the heave response of a 4 colums
catanaran-type sem, as obtained from our new
approxi mate nmethod, from the multipole code, and
from the 3-D diffraction-radiation code.

As was nentioned earlier a definitive advantage
of our approxi mate method over the Hooft's nethod is
that it provides estinmates of the free surface
motion (Fgure 11) and of the horizontal drift force
(Fgure 12), the know edges of which are val uabl e at
prelimnary design stages.

G inportance are some figures of conparative
conput er costs. As a reference case the conplete
hydr odynam ¢ anal ysis (8 periods, 3 headings) of the
ISSC TLP was retained, with a 48 panels nesh.
Qorresponding conputer tines (adinmensionalized) are
gi ven bel ow

Hopft's net hod: 1
New appr oxi mate met hod (option 1): 2
New approxi mate nethod (option 2): 60
Mil ti pol es net hod: 200
Dffraction radiation code: 2500
CONCLUSI ON

Two new alternative met hods have been
proposed, for the linear hydrodynamc analysis of
sem subner si bl es. These nethods result from
t hor ough exam nati ons of free-surface and
interaction effects, and they appear to fill in a

gap between the Hooft's method, which is overly
sinplified, and the diffraction-radiation codes,
whi ch are prohibitively expensive for prelimnary
desi gns.

Ext ensi ons of these new nethods to the analysis
of the non-linear behavior of sems in regular or
irregular waves appear to be possible. Sone of them
are al ready under way.
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