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GREETINGS TO PARTICIPANTS
OF THE THIRD INTERNATIONAL CONFERENCE
© “300 YEARS OF RUSSIAN FLEET” (CRF 96)

Dear participants of the Conference, ladies and gentlemen!

On behalf of the organisers I am glad to welcome you to the Third final
International Conference “300 Years of Russian Fleet”. .

We are assembled here in-the city founded by the distinguished reformer
of Russia, creator of the Russian Fleet Peter the ‘Great in the year of the glori-
ous jubilee. o .

Peter’s time witnessed remarkable achievements, brilliant military victo-
ries, promoted the national self-consclousness enforcement and Russia entering
the European community.

History of the Russian Fleet is versatile and instructive. It is filled with
examples of courage and heroism of the seamen, talent and high skill of ship-
builders, scientists and i inventors. '

The present stage of development of Russia and its fleet in particular has

much in common with the Peter’s epoch. Followmg the traditions of the great -

reformer, we arrived to this forum to underline again ouraim at co-operation,
good will and consolidation of efforts in development of sctence and practice of
shipbuilding and operation.

I wish all the participants frmtful discussions and contacts, good im-
pressions of staymg in St. Petersburg |

Chairman of the lntemtional Commlttee . B -

Rector of MTU, Professor | *‘D.M. Rostovtsey
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"PETER THE GREAT" MEDAL

STATUTE OF THE MEMORIAL JUBILEE MEDAL
"PETER THE GREAT"

Group recommendations in 1991 . It is given by the International’ Association
"Petronauka" (Petrbscience) founded by St.Petersbutg State Marine Technical
University to all those who had make a considerable contribution to the

development and support of the ship science and technology and for teaching
| | marine specialists,

2. The International J ury is orgamsed for considering proposals of candidatw.
3. The awardmg with the medal and Certificate takes place openly closely to the
b'irsthaay,:bf Peter the Great on May 30 (June 9, the New style).

LAUREATES OF "PETER THE GREAT" MEDAL

1992
1. Dr.-Eag. W.BLENDERMAN Institut fur Schiffbau der Universitat
Hamburg, Germany
2. Prof. AN.KHOLODILIN St.Petersburg State Marine Technical
) University, Russia
3. Prol. LK.KOBYLINSKI Technical University of Gdansk, Poland
4. Prof. D.M.ROSTOVTSEV Rector of St.Petersburg State Marine
‘Technical: University, Russia
5. Mr. A.V.RUTSKOY Vice-President of Russia
6. Adm. V.E.SELIVANOV Captain of Leningrad Naval Base, Russia
7 Anhpﬂed VLADIMIR SOROKIN Orthodox: Theological Academy and
| . Seminary, St.Petersburg, Russia
8. Rear Admiral V.N;STSHERBAKOV Vice-Mayor of St.Petersburg, Russia

1w

I. The medal "Peter the Great" was established by the lntematibndl Working



9. Eng. FM.WALKER National Maritime Museum, Greenwich, UK
10.Preof. V. von WIREN-GARZ YNSKI City University of New York, USA

1993

- 1. Dr. J.BAKKER Director, Scheepvaartmuseum, the Netherlands

2. Mr. LA.BYKHOVSKI Captain of the 1st rank (ret.), Russia

3. Prof. D.FAULKNER University of Glasgo, UK

4. Adm. I.V.KASSATONOYV, Russia

S. Mrs. N.V. KOLYAZINA Director, the Menshikov Palace Museum.

' St.Petersburg, Russia

6. Mr. A.P.KOROLEV Director General, Central Marine Design Bureau

"Almaz", St.Petersburg, Russia

7. Prof. S.N.KOVALEV Designer General, Central Design Bureau for Marine
En'gineer{in'g "Rubin”, St.Petersburg, Russia

8. Mr. .MAYOR Director-General, UNESCO

9. Dr. B.V.PLISSOV St.Petersburg State Marine Technical University, Russia

10.Prof. Y.L.VOITKOUNSKI St.Petersburg State Marine Technical

University, Russia
| _ 1994
1. Dr. V.A.AALEXANDROYV Director General of the “Admiralty Shipyards™
- State Enterpnse. Russia

2. Mirs. N.L. DEMENTYEVA Director of the museum _
"Peter and Paul Fortress", St. Petersburg, Russia

3. Mr. Y.M. GUTKIN State Design Institute "quuzproektvert"

St. Petersburg. Russia -
4, Prol’. S.KASTNER Hochschule Bremen, Germany ,
5. Prof. A.G.KURZON St. Petersburg State Marme Techmcal University,
' Russia T '
6. Rear Adm. NN.MALOV St. Petersburg, Russm ,
7. Prof. NP.MURU Naval Engineering High School, St.Petersburg, Russia
8. Prof. V.A. POSTNOV st. Petersburg State Marine Technical
University, Russia
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9. Dr. VK. TROUNIN River Ship Design Centre Inc, St.Petersburg, Russia
10.Mr.L.F.TSVETKOV Institute of the History of Science and Technology,
| St.Petersburg, Russia. | |

1998
1. Prof. N.V.ALESHIN St.Pet.ersburzg'State Marine Techni‘chl University,
- | Russia o
2. Prof. V.D.DOCENKO Naval Academy, St.Petersburg, Russia
3. Adm. V.V.GRISHANOV Captain of the Leningrad Naval Base, Russia -
4. Mrs. N.AKISELEVA St.Petersburg State Marine Technical University,
: Russia | '
5. Mr.E.. LABSIN St.Petersburg State Marine Technical University, Russia
6. Mr. N.A. RESHETOV Head of the Baltic Inspectorate of the Russian
' Marmme Register of Shipping, St.Petersburg, Russia
7. Prof. E.N. ROSENWASSER St.Petersburg State Marine Technical
University, Russia
8. Prof. D.E. SLOGET Academic secretary at the Institute of Marine
| _ Engineers, UK '
9. Prof. A.V.YALOVENKO Rector of the State Maritime Acadery,
St.Petersburg, Russia
10.Prof. V.E.YUKHNIN Head and General Designer, Severnoye Design
Bureau, St.Petersburg, Russia

1996
1. Mrs. L.Yo.BAGREYEVA Secretary of Krylov Research and Scientific
Society, St.Petersburg, Russia |
2. Prof. W.BEUKELMAN Delft University of Technology, The Netherlands
3. Mr. G.A.CHERKASHIN Marine writer, St.Petersburg, Russia
4. Acad. AN.CHILINGARQY Vice-Speaker of the Russian Duma
5. Mrs. M.COLEMAN Director of Russian-American cultural centre, USA
6. Mr. A.V.KOUTEYNIKOV General Designer and Director of Marine
Engineering Bureau “Malakhit”, St.Petersburg,
Russia
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7. Mis. V.ALAVRINENKO Director General of Nikolaev Shipyard named
after “61 Communars”, Ukraine
8. Prof. V.D.MATSKIEWICZ St.Petersburg State Marine Technical
University, Russia
9. Adm. A.N.MELNIKOQY Chief of Regional Maritime Center, St Petersburg.
. Russia
10.Prof. V.M.PASHIN Director of the Krylov Shipbuilding Research Institute,
St.Petersburg, Russia
11.Mir. V.A.PEREVALOV Principal designer of cruiser “Peter the Great”,
“Severnoye” Design Bureau, St. Petersburg, Russia
12.Prof. B.V.RAKITSKY St.Petersburg State Marine Technical University,
Russia _ ~
13.Prof. A.A.ROUSSETSKY Krylov Shipbuilding Research Institute,
: St.Petersburg, Russia
M.PM. G.P.TURMOV Rector of the Far East Polytechnic, Vladivostok,
Russia
lS Mr. L.L.YERMASH Principle Designer of Soviet mosqulto fleet” of the
Second World War, St.Petersburg, Russia
i6. Reu-Adm. I.G.ZAKHAROV Head of the First Central Naval Construction
: Research Institute of the Defense Ministry,
St.Petersburg, Russia
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 NUMERICAL INVESTIGATIONS OF A
HYDRODYNAMIC INTERACTION BETWEEN
' TWO FLOATING STRUCTURES IN WAVES

' LAPINKSTER® =~
Delft University of Technology, The Netherlands =~

St.Petersburg Stave. Marine Technical University, Russia

- CRF’%Conference 3—9Junei996 StPetersburg, -I?;ussii_i- :

0 Absweet

-For several years numerical methods have been- available -for
evaluating the wave diffraction. loads’ on. furge volume fixed or’ floating
offshore structures: such as storage tanks, gravity and semisubmersible
platforms, etc. These techniques have been further extended in order that
mean and slowly varying wave dtift responses might be assessed. In the case
when the geometry of the body is complex, interaction effects between
bodies become important. .- . - LU0 o :

~-In this paper one of the versions of the program DELFRAC for
multibodies which is based on the three-dimensional” potential theory is
investigated. In order to solve the problem use is made of-discretisation of &
boundary integral equation on.the submerged surface of the body by means
of -using of a source distribution. The boundary integral procedure is based
on.an assumed constant distribution of the source strength over each panel

into which the surface is divided. - ° -

For sucli solution a-great number of panels are required, especially
because of several-bodies"initeractions. As an example of such an interaction
effect two structures which are 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 each body and hydrodynamic interaction *

coel’fic_:igm_s are _calculated for several configurations of bodies. Results are
obtained for 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 of a 3D diffraction method 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 10 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 pressure integration

method the time of calculation can be decreased to 20 minutes per frequency. -

1 Introduction

In offshore 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

conneckions, by hydrodynamic interaction effects due to the neighbouring

structure. . _ .

The above problem has been discussed by a number of authors. First of them
is G. van Oortmerssen { 1 ], whom the method of calculation of first order
quantities was developed on a base of 3D technique. R.E. Taylor and J.
Zietsman. {2 ] have proposed the method of interaction analysis which is
based on combining a finite element idealisation 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
numerical technique. Further development of this problem has been made by
D.M. Ferreira and C.-H.Lee [ 4 ). 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 unknowri

source strengths has been worked out by J.A. Pinkster [6 ). This method is
based on sue’_cessi_ve_approximatio‘n‘-ofsqt_'xftgé;strengt_hs._  R

Nowadays the first problem is to improve the existing methods and to do its
faster and-more effective. The second problem is to obtain more data for a
verification of results of computations and to analyse data obtained.

In order to solve the last'p_roblcm 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
DELMULT{ is suitable for such investigations. '
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In the present study, attention is paid to interaction effects in the

‘hydrodynamic reaction forces of first order as well as the dri(t forces, acting

on oscillating floating bodies.

2 Theoretical _Aspects

" Following fo G. van 'Oort'm'er'éSen‘-,v['_'l. } and to L.A. Pinkster [6]
consider two rigid floating bodies of arbitrary shape in response to excitation-

"Ly a long crested regular wave. The fluid ‘is assumed - to -be: ideal” and
-irrotational.- 3 AT _ _

_ Use is made of a x"_:ec':vaxigul“;u"-Captes,i'ai_r c_c')ordina_t_qsysdt_em.- The origin of
the coordinate system is located on the free surface of the {luid. 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. .. 7 - .+ T e o

.~ The free surface is defined in‘the same way as in all potential.cases,
.. The flow-field is characterized by a velocity potential '

(xi; XZ,IXJ%I"t)':=‘(é-(_‘xt,.x;; \3)c-l°¢ Sy

The p'_o;tén'_tia_l :ﬁ'm'ction_ ¢ asa _ﬁ‘in_;&tio_ﬁ of ;cooi-diha‘teq can be Scpafﬂl__eﬂ-""-lx_i_to
contributions from all modes of motion of both bodies and‘from-the incident

~* and diffracted wave potentials: - -

I, s IR |
== ‘“’[(-‘Po +04)T+ 20,03, + Zoi? ii] '. (2)

 where

E - wave amplitude; _ o
- @® - the scattering wave potential.due to motion of first body in
the j-th mode; U o
Y). -the complex‘amplitude of'j-th mode of motion for
- the first body; L o
@ - the scattering wave potential due to.motion of second body -
in thej-thmode; -~ .0 " Co
Zy -the complex amplitude of j:tli-mode of motion for
the second body. '

. According to potential theory, the described . potentials satisfy the
Laplace equation in combination with several known boundeary conditions.
The pressure in any point of fluid can be calculated with botlh potentials of

each body: - 3 s ' .



o 00 Y AP TR B, o
p=—p5;=pw2{(¢o +<pa)C+.Z_¢j“’ i +Z<pj""'zj}¢ o (3)

The hydrodynamic reactxon force in the k-th mode on the first body is
Tollows: :

F(l)=_melmzﬂ' ()+z mndS | 4y
P Hs(,,(yi“’ o) ng | (4
and on the second body :

F,? =-pa?eiot Z H (y,q),(” +Z q:o(z)) nde | : €5

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

P (l)"-p(oz ” nk(pi“)ds
Q m‘--pmz H nkq) 2)IIS
P, ‘”—-pmz H n,,q»,‘z)dS S (6) .

Qs ‘z’=-pm2 H nkqa,("dS

These coefficients define the force componems due to appropnate motnon
. aceording to the fo!lowmg rule : :

l’u‘" - the force of k-mode on S due to motion in the J-mode of S")'
Qg - the force ol' k-mode on S(‘) due to monon in the J-mode of SW, -etc.

Therefore. the ooefﬁcxents Qu(" and Qu F) " are connected with body s -
interdction, when: the_coemcxents Py and Puﬂ’ descnbe the forces due to

own body motions. . ..
Using a well-known way. all coefﬁclents can be separated into real and

lmagmary parts as follow:,

'ij( D = o2 .aki( ) +-i(nb|"](l) .
Py ? =0 a,® +ioby?; RPN
Q "ﬂ) =m2 di“’ + iu',e.k!(l)‘. ,
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where ay; and by are well-known added mass and: damping coefTi clents
dy and ey are in-phase and out-of-phase mteraction coemclents

As it is shown by Oortmerssen, for the case of multlbody's motlons the
interaction coefﬁclents satlsfy the symmetry relatlonships. ke. '

d.O_q . - |
| d‘“:."d"‘ AR T - (8)
e..(l)'=e © . S _ o (E)

Itis. obvious that in the case of smgle body s motlons the coemctents du and
&y are equal to zero.

The relationships (8) can be an effectlve basis for checkmg calculations_
- of the mteraeuon effects of two bodm o

3 Equatmns of Motxon of Two Unconnected Bodm

We describe here the equatlons of mot«:ons for the severil bodies to.
ilfustrate clearly the meclianism of the interaction: Between the bodies as well'
as hiydrodynamic interaction coefficients. - .. -

Accordmg to Potemxal theory the equatnons of- motlons can be written -
as follow _

. ﬁrst body

Z[ "(D M“ﬂ) 4 3"( )) - l(ﬁbu“) + e“( )]y, +

24 M ' %)
' +.[-(o' d“ -'-'iwﬁ“.l.,];z‘,__= x‘ﬂ); '
. s@nd--body :
Z —mz(M & + 3“(2)) imb"w + cu( ’] Zl +
( 10-)

where M - - the inertia mamx of body ;
ag - the dimensional added mass ,
by - the dimensional dampirnig coefTicient ;
dy - m-phase hydrodynamic.interaetion coefficients , yielding
~ aforce in i-mode’ dueto motion in thej-mode ofa neighbour
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; slgxg¢ture s

¢ - oul-of-phase hydrodynamic interaction coefficients , yielding
- aforce in i-mode due to'motion in 1he j-mode of a neighbour
, - strueture ;- . - A S
- Xi- waveexcilingforce; . - . .. - |
¥, %j -complex amplitude of motion in the j-mode of first.and
-~ second bodies respectively. o

The aflix (1) or(2) serves 1o identify the bodies, while the subscripts i and
J denote the modes of motion. . . - R

~In order to’ calculate mean ‘drift:forces, acting on botlj bodies, the
pressure integration method is applied.” See Pinkster [ 7 ]. The pressure field
(3) is known after solving a first order problem. .

4 The ‘:€0mpi;ter'c;gdc.

. In_order to solve the potential problem of multibody interaction the
computer code DELMULTI. was developed at the Delft University of
Technology. This code:is. one of the versions. of the program DELFRAC
which:is based ‘on the application of 3D linear. diffraction: theory. Basically
the problems are defined as boundary value problems where the solution is
found by using a panel method. Using this.code a . calculation can be made
for two or several bodies which may oscillate in waves with zero forward
speed or be fixed. Relative locations of each body.can be arbitrary. - :

For evalualion of the Green function and .its derivatives tlie MIT
routine is'used { 8 ]."The input-data which include.a description of each body
are the same as in the case of the program DELFRAC for one body (3]

5 Calculations and Conclusions
5.1 Description of Bodies .+ -

- in_order o analyse the results of computations and especially the
‘hydrodynamic interaction. between two structures, floating. i waves, two
bodies -have been selected ( according' to -the restilts of -computations and

experiments of G. van Oortmerssen [ 1]): -
o cylinder;
e  box. '_
" 'ﬂ?hese_fliodiw are_-él‘nowhin-.ﬁgw_{-l . 2, including the panels. In figure |
the meshes of two bodies from:-the bottom side are sliown.. One of

configurations of these bodies is shown in figure 2.
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The boftom view of two bodxes L
- total numbers of panels of a cylmder nnd arbox are 392 and 432 reSpecuver
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Fig, 2

The distance between the centres of two bodies is 152. 75 meters,
the ratio distance / draft is 5.092 .




- ‘The-first:body is # floating cylinder of radius R = 47.9 m. The draft of
the cylinderis 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-for 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. a ' o

The second body is a rectangular barge of 109.7 m length, 101.4 m
breadth. with a draft-of 30 m. The calculation point is at gravity centre
located: at -the waterline. The wetted surface ‘of box is discretized by 108
numbers quadrilateral panels-per quadrant or 432 for the whole body. For
calculation ofthe drift forces 1§ waterline elements per quadrant are applied.

The table below shows the number. of panels per wave length at’

different periods for the two investigated bodies.

‘ o Tab. 1

Number of panels per ane_lcngtl_i for two bodies
" Frequency, radfsec 0,05 = 03 0.5 0.7 0.75 |
| Period, ~~ sec 1256 . 2093 - 12.56 - 8.971 8.373
{Wave length, m ~ 24609.6 = .683.4 -  246:1 125.55  109.37
[CyL 98*a 1=10.66m} 2308.6 . 64.11 . 23.09 1178 1026
{:Box 108*4 [1=9.14m] - 2692.5 74.77° 2693  13.74  11.97

From this table it can be seen that the mesh refinements for the two bodies
are satisfactory. Even for the highest frequency 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 ém;al'le_r' panels are preferable. .
In figure 2 one configuration:of the two bodies is shown . Calculations
were carried out-for three distances between bodies.-See table 2. '

Tab. 2
. ‘Distances between bodies
Separation distance, m L. se-100 150
| Distance between thie centres of bodies, m 15275 1 202.75 252.75
. I-Rmio distance/draft, - ' : . 5.092 6.758- - B8.425
|Ratio separ. distance/length-of box, ~ ~0.456 - 0.912 1.367
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5.2 Calculation Conditions -

In our numerical investigation we obtained resuits for regular waves. In
this case, the amplitude of wave is'1 m. The circular frequencies of 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: range corresponds to the

range of frequencies applied by van Oortmerssen{ 1], . .
The calculations were carried out for one wave direction - 130 degree.
Al of results were obtained for a water.depth of 220 meters and for one
draft of 30 meters. = = o ST
The program of -investigation of bodies’ interaction consisted of
- comparisons-of the following data : ' : :

e hydrodynamic coefficients (surge and ‘heave added mass and damping
coefficients) calculated for single bodies by using the main DELFRAC
program ; Co o

« the same hydrodynamic coefficients obtained by taking into account the
interaction effects and using the version of DELFRAC for multibodies ;

s hydrodynamic-interaction coefficients which: are equal to zero for the
case of a single body; _ , : o : o

e drift forces on each body calculated by & pressure integration method.

5.3 Descriptions of Dimensions of 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 Qortmerssen [ 1 }in the following way :

Non-dimensional wave frequeticy - o'=4 1®/g,

where @ is dimensional circular wave frequency ;
143) 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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Tab. 3
" Non-dimensional hydrodynamic coefficients

Definition Body I (cylinder) ~ . BodyII (box)

Non-dimensional added mass . _ o N
N fov) A feve) |
Non-dimensional damping : - "
B, /(,pvm {g/la)) B, ® /(pv‘” {g/l(n_),:;' |
Non-dimensional interaction coefficients ; I

|coupled added mass
W fpV0)  a® fpve)

coupled damping coefficients

émm /(pvm /_#/;(» ) en® /(pv"” [g' N ) -

in which :
p is the mass density of water ,
g is gravity acceleration ; ' _
1¢1) or }¢2) are the diameter of a cylinder.or the length of a box
respectively; ' S
V(1) or VX3 are the volumes of displacement of a first or second
bodies respectively ;

and other values are described earlier in the equations of motions .

5.4 Discussions of the Results -'_. |

We obtained the results of calculations using the multibody version of
DELFRAC which was created-at the Delft University of Technology. This
program DELMULTL s based on the solution of a 3D diffraction problem
and takes into account interaction effects. This can be made by using the
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. [ 3]). These results were compared with the
results of van Oortmerssen obtained by using the 3D diffraction code
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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 {rom the table 4. '

_ Tab. 4
Comparison.of the total number of panels

- Cylinder S0 392 o 92
Box I 432 104

In fig. 3 through: fig.” 10 the results are given of calculations of
hydrodynamic coefTicients of two. bodies - cylinder and box separately for
the smallest separation distance between them, where the effects of
interaction are more significant.” Agreement between. the resuits of
DELFRAC and of van Qortmerssen.is found to be generally very good for
all coefficients. =~ o L

On the same graphs the results for the single bodies are alsp shown. By
comparing the graphs, it can be seen that the interaction effects are more
important for the horizontal mode than for the vertical mode and also for
the rather high frequencies. In our calculated case the coefficients diverge
above the non-dimensional wave frequency o' > 1 . No effects due to the

~ presence of the neighbouring structure are observed at the lower range of

frequencies. 10 .

Qo= OELFRAC

Qeceer=eD Caod Corynersson

: g Q Expurment Ooramerssen
] === Single bady (DELFRAC)

8
L, Pt Distance 16278 m
- ; .z.QQ : 1
% !
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— I 'r%'a
<= [ 2 Lo 4
|!_ 4 q
. <- 1 : \.\. a
E"\n
2 _ < A ”-

..""'.«'—g-.-L
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Fig. 3. Surge added mass coefficient A';™ of the box as a function of s non-
dimensional wave frequency o'.
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Verticat damping coefficiant of & box with total 432 paneis
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Fig. 8. Heave damping coefficient B's"” of the box as a function of a non-
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Vertical damping coaficient of & cylindar yih total 382 panels
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Figures - |4 gnve an nmpmslon of the mteracuon ‘efTects whiich exist

for the multibody case. The hydrodynamic interaction ‘coefficients dy and ey
are given in non-dimensional forms.
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Hydrodynamic interaction coetficients between a cylinder and a box

3
8 | B DELFRAC (ont)
| 4= == ek DELFRAS foox)
: Orevesee) Colout, Qortmensen
b i [»} Experment Cormensaan (o)
| o L) Expariment Curvnerssen (boxj
2 [ ) Distance 1#?.75m »
% |
T | :
g —
~ : a
- / a J
i 7’ |
v K ' 1
L 0 . v B ®
e
. ‘a 'S ‘
. 3
o = . - R .
0 5 10 15 o=oxy(®/g) .

Fig. 14. Hydrodynamic interaction coefficients e5® and &5, between the box
and the cylinder as a function of a non-dimensional wave frequency o' .

From the calculations presented in figures 11 through 14 it can be seen
that 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 frequencies, especially
the coefficients dj 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 disappears at
very low frequencies, this is not the case for the interaction forces. Even at
low frequencies. a structure will experience hydrodynamic forces as a result
of the motions of a nearby floating structure. These forces appear to be in
phase with the motion of the neighbour, since for frequencies approaching
zero the coefficients e; tend to zero. For the case of hydrodynamic
interaction forces the correlation between calculated and measured values
are reasonable. .

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

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 10 illustrate the influence of*the wave heading on the
horizontal drift forces the graph 17 is shown.

473



Horizontal added mass coefficient of 8 cyinder with total 392 panels
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Fig. 15. Influence of the separated distance between two bodics on the surge
added mass coeﬂicnent of the cylinder versus a nou-dimenswanal wave
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This influence can be seen at practical frequencies when the drift forces can
even change direction. This fact is explaiped by complex interaction between
two bodies and by significant influence of wave elevation which dominate in

drift forees. Horizontal aift force on & cyinder, dist. 50 m ( by DELMULTI)
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Fig. 17. Influence of wave heading on the longitudmal drift force tramsfer
function of the cylinder vs a wave frequency.

In figures 18 - l9 the results of comparisons of drift forces are
presented. The results of the ealculations by Ferreira and Lee (seeref. [4] )
are shown in the same figures as weil as experimental points of vam
Oortmerssen. On comparing the curves good agreement was found between
the theoretical results of Ferreira and Lee and those obtained using the
program DELMULTI.

In summary, it can be conctuded 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 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 10 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 pressure integration
method the time of calculation can be decreased to 20 minutes per
frequency. It is mecessary to underline that for the mulitibody case a
computer 1BM - 486 DX with frequency 66 MHz and 32 Mb RAM is used
For calculation of a single body a computer IBM - 386 DX with frequency
40 MHz and 16 Mb RAM is used.

475




Horizontal nondimensional drift force on the ‘rectanguiar box
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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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methods as a function of a wave frequency.
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6 Conclusions
The main éonclusions from our numerical-investigations_qrg: as follows :

¢ linear 3D . diffraction theory is suitable to predict hydrodynamic
interaction effects between floating bodies ; o

* the comparisons of computed and measured. values of hydrodynamic
coefficients of the bodies and hydrodynamic interaction coefficients are
quite good ; L - o e

« -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 frequencies and

can be significant. When two structures have the same size and similar’

motions amplitudes, it appears that the hydrodynamic.forces due to the
motions 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 diift
forces acting on two or more-bodies, especially when bodies have an

arbitrary or ship shape. In order to have more experimental data for a

testing 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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