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NUMERICAL INVESTIGATIONS OF A
}ffflRØDjAMJC INTERACTION BETWEEN

TWO ILOATING STRUCTURES IN WAVES

: j. PINKSTER*.
Delfi Univers4)'ofTeehnàiogy, The NEtherlands:

Lis. DM11 k;IEVÄ**
St Petersburg Siate Marine Technical University, Russia

CRF'196-Conference: 3-9-June1996..St.Petersburg, Russia

Abstract

For several years numerical, methods have been available -(or
evaluating the wave diffraction load& on targe volume fixed or floating
offshore structures such as storage tanks, gravity and sezuisubmersibic
platforms, etc. These techniques have been further extended in order that
mean and slowly varying wave drift responses might be assessed In the case
when the geometry of the body is complex, interaction effects between
bodies become important

In this paper one of thé versión's of the pro'añi'DELFRAC for
multibodies which is based on- the three-dimensional potential theory is
investigated. In ordér to solve theproblern use is máde of discrètisation of 'a
boundary integral equation on. the submerged surface of the body by means
of-using of a source distribution.. The boundary intégral procedùre is based
on an assumed constant distribution of the source strength over each pene!
into which the surface is divided. ::

For such solutioñ a;great number of panels are required, especially
because of several- bodies"i teractions. As an éxample of such an interaction
effect two structures which àre floating in waves in each other's vicinity have
been selected.

Professor, Prof., Dr. ir.
Associate Prof., Ph.D.
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The hydrodynamic coefficients of eaéh body and hydrodvnarnic interaction
coefficients are calcúlated for several configurations of bodies. Results are
obtained fór. two closely spaced floating bodies free to move independently.
The dimensions of bodies are similar. Comparisons with experimental and
theoretical results of other authors are discussed. Some conclusions about
the use oía 3D diffraction metho.d and especially the version of DELFRAC
program. for multibodies are given.

Computation times strongly depend on the number of bodies. For the
case of a single body (cylinder or box with approximately the same total
number of panels ) the calculation of forces and motions including drift
forces takes lO minutes per frequency and per body. For the case of
calculations of two bodies' interaction the time increase to one hour. If it is
not necessary to calculate the drift forces using the pressüre integration
method the time of calculation can be decreased to 20 minutes per frequency.

i Introduction

In ofThhore industry the use of several structures, floating in each other's
vicinity, is a rather common practice. In such case the behaviour of each of
these structures is influenced, besides possible restraints due to mooring
connections, by hydrodynamic interaction effects due to the neighbouring
structure.

The above problem has been discussed by a number of authors. First of them
is Q. van Oortmerssen j I Ji, whom the method of cálculation of first order
quantitlà was developed on a base of 3D technique. R.E. Taylor and J.
Zietsman 2 J have proposed the method of interaction analysis which as
based on combining a finite élement idéalisation of the fluid region close to a
body with a boundary Integral representation of the far field behaviour
They have highlighted that such a method can be selected as an economical
numerkal techmque Further development of this problem has been made by
D.M. Ferreira and C.-HLee [ 4 1. They have represented the effective
method of the calculation of drift forces on two independent close bodies
Lastly a method to obtain the solution of the equations in the unknown
source strengths has been worked out by LA, Puikster [6] This method as
based on successive approximation of source strengths

Nowadays the first problem is to improve the existing methods and to do its
faster and niore effective. The second problém is to Obtain more data for a
verification of results of computattoils and to analyse data obtained

In order to solve the last problem the present investigation has been carried
out. Next aim of our investigations is to show that 3-D diffraction methods
generally can be applied to such cases and for instance, the computer code
DELMULTI j suitable for suchinvestigations.
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In The present study, attentiOn is paid to interaction effects In the
hydrodynamk reaction forces of first order as well as the drift forces, acting
on oscillating floating bodies.

2 Theoretical Aspects

Following to G. van Oortmèrssen. .[ 1. J: and to J:A Pinkster E 6 J,consider two rigid floating bodies of arbitrary shape in response to excitation
by a long crested regular wave. The flúid is assumed to be ideal and
irrotational.

Use is made of a rectangular Cartesian coordinate system The orIn of
the coordinate system is located on the free surface of the fluid The z - axis
is vertical and positive upward The oscillating body motions are described
in local coordinate systems of each body Each local system is connected
with the centre of gravity

The free surface is defined in the same way as in all potenUaF cases
The flow field rs characterized by a velocity potential

t1(xí, X2, xa,t)= p:(xt,X2,

q=_iw[(.po +)+ +:
where

Tite potential function 'p as a function of coordinates can. be separatedfttto
contributions from all modes of motion of both bodies and from the Incident
and diffracted wave potentials:

- wave amplitude;
(') -the scattering wave protenliâldueto motion offirst body In

the j-th mode;
- the complex amplitude ofj-th mode of motionfor

the.firstbody;
- the scattering wave potential dúe tornötion of second body

in the j-th mode;.
-. the complex amplitude ofj-thmode of motion for

the second body;

According to potential. theory, the described potentias satIsfy tu.
Laplace equation in combiflation with several known boundary oendidons.
The pressure In any point òf fluid can bC calcúlätèd wIth both otCfltiaSÍ of
each body:



2{(
+ + + (3)

The hydrodynamic reaction force in the k-th mode on the first body is
follows:

F(» = po)2 e'°' Ji (y1 Q) y(2)) nkdS (4)

and on the second body:

= po)2 e_Lwt ic(,j + ;(2)) (5)

As it can be seen froni the equations (4) - ( 5 ) and according to G. van
Oortmerssen the following coefficients may be defined:

= - PO2 k
(I) dS;

Qk? = - k
(2) lS'

kJ2 P02
L)

nk'PJdS; (6)

= - poet II n ,1O) dS:'

These coefficients define the force components due to appropriate motioñ
according.to the following tule

- the force of. k-mode 'on S(» dúe to motion in the j-mode. ófSW;
Q*) - the force of k-mode on SO) due to motion in the j-mode of 5(2), etc

Therefore, the coefficients Qii.P and Q(2) ' are connected with' body's
interáction, wheñ the coefficients PkJ» and Pkj( describe the 'forces due to
own bo4y motions. : '

Using á well-known way. all coefficientscan be separated: into real ançi
imaginary parts as follow;

Pkj«) o)2 a3J +ibkJ°;
p(Z) +

Q&j» =re2 4» +

=2dkJ2 +

i

(7)
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where a andbkj are well-known added mass anddamping coefficients;
4JkJ and e are in-phase and out-of-phase interactlòn coefficients.

As it is shown by Oortmerssen, for the case of muitibòdy's motions thé
interaction coefficients satisfy the symmetry relátionshlps, i.e.

el.. (1)_A (2).
aicl. 'jk

(2)
Ckj Cik

it ls.obvlous that in the case óf single body's motions the coefficients4 and
arc equal to zero. .. :

The.relationships (8) can be an effective basIs [br Che king calcul4tlons
of the iüteraction effects of two bodies.

3, 1 quátions f Motion of TwoUnconfltéd Bødies

We describe here the equations of motions for the severál bodies to
illustrate clearly the mechanism of thè.iñteractiónbetweén the bódies as well
as hydrodynamic interaction coefficients

According to potential theory the équations ófmótiòfls can be written
as follow: '

first body

EHoez:(Mij(i) + aj')_ io1q» + 'c»Jyj +

(_w2d1j(» _1oec41°'];,..= X'(».

second.body

+ ag1):_ lø;b12 csj(2)j; +

- Ic1j(!Jyj =.X';
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where Mij - the inertia matrix of body;
- the dimensional added mass,.

the dimeñsional damping coefficient;
d1- inphase hydrodynamic.interáction coefficients , yielding

a force in i-mode dueto moti ou' in thej-mode of a.àéighbour



structure;
. 's r

- out-of-phase hydrodynamic interaction coefficients, yielding
a force in i-mode due to motion in the j-mode of a neighbour
structure;:. : . '

X1 wave exciting force.;
-complex amplitudeofmotion.in the j-mode of first and

second bodies respectively.
The affix (I) or.(2) serves to identify the bOdies, while the subscripts i and
j denÑà the modes of motion. .. . . .

In order to calculate mean 'drifts forces, acting on bolli bodies, the
pressure integration method is applied See Pinkster [ 7] The pressure field
(3)15 kown nfter'solving a first order problem.

4; Tile Computer Code

In order to solve the potential' problem of multibody interaction the
computer code DELMULTI. was, developed at the Delfl University of
Technólógy. This code is one of .thà versions of the piogram DELFRAC
which is based on the application of 3D linear diffraction theory Basically
the.probléms are. defined as boundary value problems where the 'solution is
found by using a panel method. Using'this.code'a calculation c'an be made
for two or several bodies which may oscillàte in waves with zero forward
speed or be fixed:Rclative locations of each 'bodycan be arbitrary.

For evaluation of the Creen function and its derivatives the MIT
routine is used f 8 J The input data which include a description of each body
arethe. same as iii the case of the program, DELFRAC forone bOdy [.3.].'

'5 Qakudations rand Cònejusiois

5 1 Description of Bodies

:Ili.:der.r to. analyse the results of cömputations and'.especially the
hydrodynanuc interaction between two structures, floating in waves, two
bodies have been selected (accoiding to the results of computations and
experiments of G van Oortmerssen f I])

cylinder;
'box.

Thesbodies are:shownin'.figuresl -2, 'includIng the panels. in figure ¡

the meshes of two bodies from rjJ bòstto side are shówn.. One of
configurations of these bòdies is shown ¡n 'figure 2.
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Fig.l

The bottom view of two bodies,
total numbers of panels ofa cylinder and abox. are 392 and 432 respéctively.

Fîg.2

The distance between the centres of two bodies is 152.75 meters,
the ratio distance / draft ¡s 5.Ofl.
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The.Urst:body.Is afloating cylindér of radius R = 47.9 m. The draft of
the cyhnder is 30 m The centre of gravity is located at the waterline of the
cylinder The wetted surface of the body is discretized by 98 panels per
quadrant or 392 foi the whole body Use is made of quadrilateral panels but
In the bottom triangular panels are applied close to the centre of cylinder as
can be seen in figure 1 For the calculation of drift forces 7 waterline
elements have been applied per quadrant

Thé s cand body is a' rectangular barge of 109.7 m length, 101.4 m
breadth with a draft:of 30 in. The calculation point ïs at gravity entre
located at the waterline The wetted surface of box as discretized by 108
numbers quadrilateral panelsper quadrant or 432 for the whole body. For
calculation of the drift forces Il waterline elements per quadrant are apphed

The table below shows the number of panels, per wave length at
different periods for the two investigated bodies.

Tab. I
Number of panels' per wavelength for two bodies

From this table il can be seen that the mesh refinements for the two bodies
are satisfactory. Even for the highést frequéncy the number of panels per
wave length is sufficient in order to calculate the first order loads and
motions in accordance with existing practice However, for accurate
calculation of second order loads these numbers of panels for the highest
frequency are not enough. For. this case. smaller paiaels are preferable.

In figure 2 one configuration of the two bodies as shown Calculations
were camed out for three distances between bodies See table 2

Túb. 2

Distances between':bodjes
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Frequecy yad/èe 005. ' 0.3., 0.5 0.7 0.75
Period, ': sec 125.6 20.93 i256 ' 8.971 8.373

Wàve 1àngth 'm'. 24609.6 :683.4 246.1' 125.55 109.37
98*4 l=.IO'6&m]: 2308.6 .64.11'

.74.77
23.09

' '26;93
'11.78

13.74

126
11.97Box 108*4 [l9.l4.m]. 26925

Separation .distance,..m 50' '100 150
Distancebetween the centres ofbodies,ni 152.75 202.75 252.751
Litio distauce/draft, - . . 5.092 6.758' 8.425
Ratio separ. distance/lengthof box, 0.456 0.9 12 1.367



52 Calculation Conditions

In our numerical investigation we obtained results for regular waves. In
this case, the amplitude ofwave is! m. The circular frequenciesof oscillation
of the incident waves are varied from 0 05 to 0 75 rad/sec corresponding
to wave periods of 125.6 to 8.373 seconds. This raüge corresponds to the
range offrequenciesapplied by van Oortmerssen[

.

The calculations were carried out for one wave direction - 180 degree
All of results were obtainedfor a..water.depth.of 220 meters and for one

draft of 30 meters. .

The program of investigation of bodie? interaction consisted of
comparisons of the following data:

hydrodynamic. coefficients (surge and heave added mass and damping
coefficients) calcùlated for single bodies by using the maiñ DELFRAC
program;
the same hydrodynainic coefficients obtamed by taking into account the
interaction effects and using the version of DELFRAC for multibodies,

.*hich: are equal. to zero for the
case ola siñg1ebody

i

drift forces on each body. calculated by a pressure illtegration fflethod.

5.3 Descriptions ofDimensionsof Output Data

Output files of all versions of DELFRAC contain dimensional values.
In order to compare the results they were made non-dimensional according
to the data of van Oortmerssen. (: I j in the following way:

Non-dimensional wave frequency o'= P/g,
where is. dimensional circular wave frequency;

1(2) is the length of second body (in our case it is a box);
g - gravity acceleration.

Non-dimensional hydrodynamic coefficients are given in the table 3.
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Defiñition Body I (cylinder) Body II .( box

Non-dimensional added mass

A1k" /(y(i))
' 1k

Non-dimensional dampiñg

B/(.pV(» Ig/1°) B'/(pV Jg/i)

Non-dimensional interaction coefficients:

coupled added mass
(1) /(pV(1))

coupled damping coefficients
e)/(pV(2) ,jg/I(2))

in which:
p is the mass density of water,
g is gravity acceleration;
IC') or 1(2) are the diameter of a cylinderortbeIcngth of abox

respectively; ..

V) or '1(i) are the volumes of displacement ófatìrst orsecond
bodies respectively

añd other values are described earlierin the equàtlons of motions.

5.4 Discussions of the Results

We obtained the results f. calculations using the multibody version of
DELFRAC which was created at the Deift Unwersity of Technology This
program .DELMULTI is based on the.Sohition of a 3D diffraction problem
and takes into account interaction effects. This can be made by using thò
velocity potential which. consists the contributions from all modes. of motion
of both bodies and from the incident and diffracted wave fields.

As the first step of the investigations we obtained the hydrodynamic
forces on two bodies separately using the main 3D diffraction program (see
description of this program ref. j 3]). These results were compared with the
results of van Oortmerssen obtained by using the 3D diffraction code
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Tab. 3

Non-dimensional hydrodynamic coefficients

e)/(pV /j/i}



developed in MARIN. The good correlation between the results for single
and rather simple bodies has been obtained with the using of the different
3D codes even for the cases in which different number of panels have been
used. The last can be seen from the table 4.

Tab.4
Comparison. ofthe total number of panels

In fig. 3 through fig. LO the results are given of calculations of
hydrodynamic coefIicientsof.two: bodies - cylinder and box separately for
the smallest separation distance between them, where the .èffects of
interaction are more significant Agreement between the results of
DELFRAC and f van Oortmerssen. is found tobe generally very good for
all coefficients.

On the same graphs the results for the single bodies áre a1s9 shown. By
comparing the graphs, it. can be seen that th interaction effects are more
important for the horizontal mode than for the vertical mode and also for
the ràther high frequénòies. In our calculated case the coefficients diverge
above the non-dimensional wave frequency w' > I . No effects due to the
presence of the neighbouring structure are observed at the lower range of
frequencies. 1.0

o
0 .5 10 1.5 2.0 '!(UW

Fig. 3. Surge added mass coefficient A'11 of the box as a fimction of a nou-

dimensional wave frequency 0'.
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diníensional wave frequency w'.
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non-dimensional wave frequency '

Figúres ii -14. give an impress on of theinteractioneffectswhtch exist
for the muhibody case The hydrodynamic interaction coefficients i1 and q
are gwen in non-dimensional forms.

4ydrodynasnlc intOraction coeffidentS between a cyHnder and a box
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Fig. 1.1. Hydrodynansic interaction coefficients d1112' and dÍl" between the
box and the cylïdcrasa t%mctonàfaion-dimensional wave frequency w'.
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Fig. 13. Hydrod'nainic interaction coefficients d'3? d'3? between the
box and the cylinder.as a fimctii ofa nondùnen.iona1 wave frequency w'.

Fig. 12. HydrÑIyfl'nc iac6c cccits e'11» and e'11 between the
box and the cyb eTfiwctio of a r"& flsionaI wave frequency w'.
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10 15 'xI(lt»Ig)
Fig. 14. Hydrodynamic interaction coefficients C3? and e,.» between the box
and the cylinder as a function of a non-dimensional wave frequency w'.

From the calculations presented in figures 11 throúgh 14 it can be seenthat the hydrodynamic interaction coefficients really have the symmetry
relationships. These coefficients depend strongly on the presence of the
moving neighbouring structure over a wide range of fréquencies, especially
the coefficients dq which are not equal to zero at all frequencies calculated.
Following van Oortmerssen [1], it can be concluded.that,. where the effect of
the neighbouring structure on the added mass and damping diappears at
very low frequencies, this is not the case for th interaction forces. Even atlow frequencies, a structure will experience hydrodynamic forces as a resultof the motions of a nearby floating structure. These forces appear to be inphase with the motion of the neighbour, since for frequencies approachingzero the coefficients tend to zero. For the case of hydrodynamic
interaction forces the correlation between calculated and measured valuesare reasonable.

For the second and third configurations of the bodies the same
COnC1USÎOS can be drawn as in the previous case. A significant influence of
interaction efTects is observed for the horizontal hydrodynamic coefficientsand no influence on the vertical hydrodynamic coefficients

The influence of the distance between two interacted bodies can be seen
from figures 15 - 16. As expected, the interaction forces decrease with
increasing distance between the two bodies. For this distance which is 8.425
times to compare the draft of bodies, the interaction still exists however. Of
course, it is interesting to continue the calculations in order.to obtain the
results for other bodies' configuration. However, the computing cost
increases significantly.

The last part of our investigations is related to the calculation of drift
forces which were obtained for several cases of wave heading - 180, 225 and
270 degrees. In order 'to illustrate the influence ofthe wave heading on the
horizontal drift forces the graph 17 is shown.
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474

-v

Dt 152.75 ie
G-----O 0t. 252.76.rn---- SiØe body ffiAC)

I

-
\jzr-

P:

L I

: \1

\!

cqì-a r1

G----E3 Dt 152.75 m
øC Dist. 202.75 rn
a --- Dt 252.75 in
9---VSebodyELRAC)

i'J
- --

o 0.5 1.0 1.5 (0 exI(PIg)

Horizontal danin9 coefficient of a cybnder

Fig. 15. Influence of the separated distance between t bodies o the 9uge
added mass coefficient of the cylinder versus a non-dimcàùnal wa
frequency.



This influence can be seen at practical frequencies when the drift forces can
even change direction. Ths facs is explained by complex interaction between
two bodies and by significatif influeticc of wave elevation which dominate in
drift forces. Horizanta thft facce oi a cylinder, ast. 50 m (by DELMULTI)

o

-250

G--- o Longit. ( 50 m. 1800)
Longit ( 50 rit 225°).

a- - Longit. (50 flL 270° }

I

S'
1

s.

-T -

------L.

-500
0.2 0.4 0.6 , ris

Fig 17. Influence of wave heading on the longitudinal drift force transfer
function of the cylinder vs a wave frequçncy.

In figures 18 19 the results of comparisons of drift forces are
presented. The results of the calculations by Ferreira and Lee (see ref. (4] )
are shown in the same figures as well as experimental points of van
Oortnierssen. On comparing the. cunes good agreement was found between
the theoretical results of Ferreira and Lee and those obtained using the
program DELMULTI.

In summary, it can be concluded that the using of 3D methods for the
calculation of first order and mean second order forces in the interaction
case can give quite satisfied results.

Computation urnes strongly depend on the number of bodies. For the
case of a singIe body (cylrnder or box with approximately the same total
number of panels ) the calculation of forces and motions including drift
forces takes 10 minutes per frequency and per body. For the case of
calculations of two bodies' interaction the time increase to one hour. 1f il is
not necessaiy lo calculate she drjft forcà using the pressure Integration
method the lime of calculation can be decreased to 20 mInutes per
frequency. h is necessasy to underline that for the multibody case a
computer 1DM - 486 DX with freqùency 66 MHz and 32 Mb 1.AM Is used.
For calculation of a single body a computer ¡BM - 386 DX with frequency
40 M}k and 16 Mb RAM is used.
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Fig. 18. The longitudinal drift force transfer function of the rectangular box
versus a wave frequency for the several calculation conditions.
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Fig. 19. Total longitudinal drift force transfer function obtained by several
methods as a function of a wave frequency.
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6 Conclusions

The main COnClUSIOnS from. our numerical. investigations are as follows:

hnear 3D. diffraction theory is suitable to predict h.ydrodynamlc
interaction effects betweeñ floating bodies;
the comparisons of computed and measured. values Of hydrodynamic
coefficients of the bodies and hydrodynamic intèraction coeffiòients arequite good;
the computed results obtained using the multibody version of
DELFRAC correlate well with the results of Other authors
the biggest interaction effects are observed at rather high frepiencies and
can be significant. When two structures have the same size and similar
motions amplitudes, it appears that. the hydrodynamic forces due to themotions of the neighbour, can be Of the same order Of magnitude as the
forces, induced by the body's own motions.;
in literature only few results it can be found of 3D calculation of driftforces acting on two or more bodies, especially when bodies have an
arbitrary or ship shape. In order to havà moré experimental data for atesting of existing computer codes the investigations have tO be
continued. However, some conclusions about. drift forces can be made
from our analysis.
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